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Abstract 
 

Traditionally, metastatic melanoma had a dismal prognosis, but the recent advent of 

immune checkpoint inhibitors (ICI) has extended survival from months to years for 

some patients.  There is an urgent need to identify prognostic and predictive biomarkers 

for melanoma patients treated with ICI, given that only a minority of patients respond, 

coupled with the potential treatment related toxicities.  This thesis aimed to investigate 

clinical factors, functional PET imaging and tumour immune profiling as candidate 

biomarkers for ICI in patients with melanoma.   

Firstly, Chapter 3 focused on baseline performance status as a biomarker for outcome 

following anti-PD-1.  The hypothesis was that unlike cytotoxic chemotherapy, baseline 

performance status was not correlated with outcome following ICI, owing to its distinct 

mechanism of action.  However, in the cohort of 91 patients treated with anti-PD-1 at 

Peter MacCallum Cancer Centre, poor performance status was correlated with poor 

survival and low response rate to anti-PD-1.  Furthermore, patients with poor 

performance status were more likely to be hospitalised and more likely to die in 

hospital.     

Patient characteristics and blood parameters were further examined in Chapter 4, but 

specific to a cohort of patients with melanoma brain metastases.  Melanoma commonly 

metastasise to the central nervous system and this is associated with extremely poor 

survival (1, 2).  Recently, combination ICI has resulted in intracranial responses and 

durable survival(3, 4).  Most of the existing literature in biomarkers in melanoma brain 

metastases also predates the introduction of ICI (1, 2, 5-8), therefore investigation of 

biomarkers in patients with melanoma brain metastases treated with ICI is needed.  A 

post-hoc analysis of patients with melanoma brain metastases as part of the phase II 

Anti-PD1 Brain Collaboration study was performed to identify possible predictors of 

clinical outcome or toxicity.  In this study, patients were randomised to receive either 

nivolumab monotherapy or nivolumab in combination with ipilimumab.  High C-

reactive protein, a marker of systemic inflammation, was correlated with poor survival.  

Treatment with combination ICI, hypernatraemia and increased body mass index were 
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associated with higher likelihood of severe toxicity at 120 days, whereas CRP was not 

associated with higher toxicity.      

The thesis then went on to examine the role of FDG PET functional imaging as a source 

of biomarkers for outcome following ICI in Chapter 5.  Baseline pre-treatment tumoural 

FDG-PET avidity (measured by SUVmax or metabolic tumour volume) as well as 

FDG-avidity in the immune system (measured by spleen to liver ratio) were assessed in 

relation to survival outcomes.  Interestingly, tumoural PET avidity was not correlated 

with survival, whereas high spleen to liver ratio was correlated with poor survival after 

ipilimumab.  This was subsequently validated in a combined cohort of patients from 

two separate European centres.  High spleen to liver ratio was correlated with low 

albumin in a multivariate analysis, thus suggesting a possible association with systemic 

inflammation.  Early on-treatment PET (EOT PET) were assessed in a small subset of 

16 patients, and several challenges were identified that may limit the use of FDG PET 

in this early juncture as a biomarker for outcome after ICI.    

In-depth characterisation of tumoural immune landscape is crucial to improving the 

understanding of melanoma immuno-biology, with potential implications for biomarker 

development. Chapter 6 aimed to compare the immune profile of UV related skin 

cancers (melanoma, cutaneous squamous cell carcinoma and Merkel cell carcinoma) 

using orthogonal methods of bulk RNA-sequencing and multi-spectral 

immunohistochemistry.  The three skin cancers showed distinct immune landscapes, 

with melanoma having a significantly higher intratumoural T cell infiltrate compared to 

Merkel cell carcinoma, whereas PD-L1 density was highly variable across three skin 

cancers.  Transcriptomic analyses of melanoma samples with high PD-L1 density were 

associated with upregulation of genes related to leucocyte proliferation, migration and 

adaptive immune responses, in contrast to MCC samples with high PD-L1 density, 

where such a signature was not observed.     

Lastly, an in-depth case study of six patients highlighted how multi-factorial biomarkers 

such as clinical factors, functional PET imaging, baseline blood parameters, and multi-

spectral immunohistochemistry can be applied together.   

In conclusion, this thesis evaluated multi-factorial biomarkers including clinical, 

functional imaging and tumoural immune profiling biomarkers.  These studies add to 

the evolving literature on biomarkers associated with ICI treatment.   It is envisaged that 
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with time, these complementary methods of understanding the patient and tumoural 

immune environment can aid rational selection of immune based therapies for patients 

with advanced melanoma.    
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Glossary 
 
Antibody  A protein produced by some immune cells in response to foreign 

or tumoural antigens  
 
Antigen  Any substance that triggers an immune response including 

foreign sources (such as bacteria, viruses) or abnormal proteins in 
cancer cells 

 
Antigen-presenting cells (APCs)  

Immune cells that digest antigens in a way that “presents” them 
to T-cells and B-cells to instruct B- and T-cells to destroy cells 
with the “presented” antigen. 

 
Biomarker A characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes, or 
pharmacologic responses to a therapeutic intervention.   
Biomarkers can be used to predict the prognosis of an illness 
(prognostic biomarker) or likelihood of response to a treatment 
(predictive biomarker). 

 
Cytokines  Proteins secreted by certain immune cells so they can 

communicate with each other. Cytokines in the blood can be 
measured as a marker of an inflammatory response.  Cytokines 
can also be manufactured and used as a immunotherapy 
treatment.   

 
Immune cells  Cells in the immune system that help defend against infections or 

cancers.   
 
Immune checkpoint inhibitors (ICI) 

An immunotherapy that fights cancer by blocking receptors on 
immune cells.  These can block inhibitory receptors such as 
‘CTLA4’ or ‘PD-1’ and thereby ‘release the brakes’ on the 
immune cells to kill cancer.  There are also ICI that can stimulate 
the immune system by ‘stepping on the accelerator’ e.g. OX40 

 
Immune-related adverse events (IRAEs)  

The immune system’s overreaction to immunotherapy resulting 
in often mild, but potentially life-threatening toxicity.   

 
Lymphocyte  A type of immune cell (white blood cells) in lymphatic tissue and 

blood. The main types are T-lymphocytes (T-cells) and B-
lymphocytes, which both help the immune system fight cancer. 

 
Monoclonal antibodies (mAbs)  

Laboratory-made proteins that target specific proteins or 
molecules on the surface of cells.  Monotherapy that target 
immune checkpoints can be used as cancer treatment 
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PD-1 (programmed cell death-1)  

An inhibitory receptor that help regulate the body’s immune 
response.  A type of checkpoint inhibitor blocks PD-1 receptors, 
in effect “releasing the brakes” on the immune system. 

 
Receptors (immune receptors)  

Surface molecules on immune cells that bind to the surface of 
other immune cells. This typically causes the cell to produce 
signals that regulate specific functions in the immune system. 
 

T-cells  White blood cells (immune cells) that play a significant role in 
the immune system’s fight against infection and disease. 

 
Tumour-infiltrating lymphocyte (TIL)  

A type of immune cell that invades a tumour mass or 
microenvironment. A type of immunotherapy removes TIL cells 
from a patient’s tumour and re-engineers them in a laboratory to 
seek and destroy tumour-specific cancer cells. 

 
Tumour microenvironment  

The area that surrounds and sustains a tumour. It is made up of 
normal cells, blood vessels and extracellular matrix. 
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1 Background 

1.1 Melanoma: epidemiology, subtypes, staging, overview of 
treatment  

1.1.1 Epidemiology 

Australia has one of the highest incidence of cutaneous melanoma worldwide (49 cases 

per 100,000), with melanoma being the third most commonly diagnosed cancer in both 

genders in 2019 (9, 10).  The incidence of melanoma has almost doubled from 27 cases 

per 100,000 in 1982 to 49 cases per 100,000 in 2016 (10).  Over 90% of melanoma are 

diagnosed as early stage disease (Stage I and II) and the relative survival for early stage 

disease is 91% (9).    However, mortality rises sharply for those who present with 

advanced stage of disease.  The historic median survival for patients with metastatic 

melanoma (Stage IV) was less than one year and the 5-year survival rate was less than 

10% (11).  Recent advances in effective therapies with molecularly targeted treatments 

and immunotherapy have resulted in durable improvements in survival for a subset of 

patients.    

1.1.2 Melanoma pathogenesis and subtypes 

Melanomas arise from melanocytes, the melanin pigment-producing cells which are 

present along the skin basal epidermis, as well as in hair follicles. Melanin pigment 

provides some protection from ultra-violet radiation, and therefore cutaneous melanoma 

rates are higher in those with fair skin and low amounts of melanin.  There is a large 

body of epidemiological and preclinical evidence that associates ultra-violet radiation 

with the development of cutaneous melanoma (12-17).   Molecular characterisation of 

melanoma has also identified a predominant ultra-violet mutational signature (C>T 

nucleotide transition) within cutaneous melanoma, whereas other melanomas tend to 

have structural changes and mutations of unknown aetiology (18, 19).  Approximately 

10% of cutaneous melanomas develop in individuals who have one or more first degree 

relatives with melanoma (20).  There are some uncommon inherited risk factors such as 

the presence of germline mutations in CDKN2A, or CDK4 (21, 22). There are also 

some inherited conditions with an increased risk of developing melanomas, such as 
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xeroderma pigmentosum, familial retinoblastoma, Lynch syndrome type II and Li-

Fraumeni syndrome (20, 23).         

There are four main subtypes of melanoma depending on the site of origin: cutaneous, 

acral (hands and feet), mucosal (internal mucosal membranes) and ocular (24).  

Cutaneous melanoma is the most common subtype in Caucasians, whereas acral and 

mucosal subtypes are more common in non-Caucasians.  These melanoma subtypes 

have distinct clinical and biological characteristics owing to their different aetiology 

(18).  This thesis focuses on cutaneous melanoma, as it is the most common subtype and 

the most studied in terms of immunotherapy development.   

Cutaneous melanoma can also be classified by its molecular characterisation.  The 

understanding of melanoma biology has evolved significantly over the past decade 

owing to the significant advances made available through high throughput sequencing 

of genomic data.  The Cancer Genome Atlas Network (TCGA) is an exceptional effort 

in modern science to classify cancer using a multi-platform approach.  In the landmark 

paper (19), 333 melanomas were studied using DNA, RNA, and protein based analyses.  

Four molecular subtypes were established based on the most frequently mutated genes: 

mutant BRAF, mutant RAS, mutant NF1 and triple wild-type.  These molecular 

subtypes have direct therapeutic implications, which will be discussed later in this 

literature review.     

1.1.3 Staging 

Melanoma is staged using the Tumour, Node, Metastasis (TNM) system as per the 

American Joint Committee of Cancer (AJCC) clinical and pathological criteria (11, 25).  

AJCC Stage I and II melanomas are limited to the skin, whereas stage III involves 

locoregional nodal spread, and stage IV involves metastatic spread beyond the local 

regional lymph nodes (11).  In stage I and II disease, tumoural characteristics such as 

Breslow thickness, ulceration and mitotic rate of the primary tumour are highly 

prognostic.  In stage III disease, the number of lymph nodes involved correlates with 

prognosis (25, 26).  The detection of lymph node involvement clinically or 

radiologically confers a worse prognosis compared to those with microscopic lymph 

node involvement detected by lymph node dissection alone.  
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Since the 1990s, sentinel lymph node biopsy has enabled accurate assessment of 

lymphatic involvement (27, 28).   For intermediate Breslow thickness melanoma (1-

4mm), the chance of locoregional spread is high, whereas the chance of metastatic 

spread is low (<20%) (29).  Patients  with locoregional nodal spread have a 50-60% 

chance of developing systemic relapse.  Accurate staging and surveillance in these 

patients with high risk disease enables early detection of locoregional relapse which is 

still amenable to surgical intervention.  Advances in diagnostic imaging technologies 

such as computerised tomography (CT) or functional imaging with positron emission 

tomography (PET) have enabled more accurate staging, with the detection of otherwise 

occult metastatic disease.  Patients with metastatic disease can then receive systemic 

treatments, rather than surgery alone.       

Advanced melanoma is further categorised into subgroups, depending on the sites of 

metastatic involvement (11).  In the AJCC 7th edition (11, 30), stage IV melanoma was 

sub-classified into 3 groups depending on the sites of metastatic involvement: with 

M1a, involving cutaneous, subcutaneous or nodal spread; M1b, pulmonary metastases 

or M1c, visceral metastases outside of the lungs or if the serum lactate dehydrogenase 

(LDH) level is elevated.  The site of metastatic involvement is important prognostically, 

with M1a being associated with the best prognosis among those with metastatic disease, 

followed by those with pulmonary involvement, then finally the worst prognosis is 

associated with involvement of extra-pulmonary involvement (11).  LDH is well 

recognised to be a poor prognostic indicator in multiple cancers including melanoma 

(26, 31, 32).  In the AJCC 7th edition, patients with elevated LDH at the time of 

diagnosis were assigned stage M1c, regardless of site of metastatic involvement (11).  

These staging criteria were updated in 2018 in the AJCC 8th edition (25), where the 

M1d substage was added to denote the presence of intracranial metastases.  Elevated 

LDH has been modified so that it is no longer grouped together as M1c, but instead is 

added as a suffix of 1 to each of the substages to denote this additional factor of poor 

prognosis, i.e. M1a(1), M1b(1), M1c(1) and M1d(1).   
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Table 1.1 Comparison of American Joint Committee on Cancer 7th and 
8th Edition of Tumour Node Metastasis (TNM) staging system of 
melanoma 

 
 AJCC (7th Edition) 

T Primary Tumour (T) 

Tis NA 

T1(a/b) ≤ 1.00mm (+/- ulceration or mitoses 
≥ 1/mm2) 

T2(a/b) 1.01-2.00mm (+/- ulceration) 

T3(a/b) 2.01-4.00mm (+/- ulceration) 

T4(a/b) > 4.00mm (+/- ulceration) 

N Regional Lymph Node (N) 

N0 0 

N1(a/b) 1 (micro/macrometastasis) 

N2(a/b) 2-3 (micro/macrometastasis) 

N2c in-transit disease without nodes 

N3 ≥ 4 metastatic nodes, or matted 
nodes, or in-transit disease with 
nodes 

M Distant Metastasis (M) 

M0 No distant metastasis 

M1a Distant skin, subcutaneous, or nodal 
metastasis only 

M1b Lung metastasis 

M1c All other visceral metastasis or any 
distant metastasis with elevated 
LDH 

 

 

 

 AJCC (8th Edition) 

T Primary Tumour (T) 

Tis NA 

T1a < 0.8mm (- ulceration) 

T1b < 0.8mm (+ ulceration) 
0.8-1.0mm (+/- ulceration) 

T2(a/b) 1.01-2.00mm (+/- ulceration) 

T3(a/b) 2.01-4.00mm (+/- ulceration) 

T4(a/b) > 4.00mm (+/- ulceration) 

N Regional Lymph Node (N) 

N0 0 

N1(a/b) 1 (micro/macrometastasis) 

N1c In-transit, satellite and/or 
micrometastases without nodes 

N2(a/b) 2-3 (micro/macrometastasis) 

N2c in-transit, satellite and/or 
micrometastases with one node 

N3 ≥ 4 metastatic nodes, or matted 
nodes, or in-transit disease with 
nodes 

M Distant Metastasis (M) 

M0 No distant metastasis 

M1a 
(0/1) 

Distant skin, subcutaneous, or nodal 
metastasis only  
(-/+ elevated LDH) 

M1b 
(0/1) 

Lung metastasis 
(-/+ elevated LDH) 

M1c 
(0/1) 

All other visceral metastasis or any 
distant metastasis with elevated 
LDH 
(-/+ elevated LDH) 

M1d 
(0/1) 

Central nervous system metastasis  
(-/+ elevated LDH) 

 

 
Adapted from Balch et al (11) and Gershenwald et al (25) 
For distant disease, the main changes include the new M1d category for 
disease involvement in the central nervous system; as well as the addition of 
the suffix 1, to denote an elevated lactate dehydrogenase (LDH) at 
diagnosis.   
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1.1.4 Melanoma immunobiology 

The importance of the interaction between melanoma and the immune system has long 

been recognised, where tumour infiltrating lymphocytes have been associated with good 

prognosis in a number of cancer types including melanoma, colorectal cancer and triple 

negative breast cancer (33, 34).  Specifically, the presence of tumour infiltrating 

lymphocytes in early stage melanoma has been associated with improved prognosis (35-

37).  Attempts to further define the immune subset were made in a study of 47 patients 

with Stage I and II melanoma (AJCC 7th edition) (38).  In this study, the presence and 

density of CD8 lymphocytes as well as occurrence of HLA-DR cells were 

independently associated with overall survival; CD4 lymphocytes and CD68 cells, 

however, were not independently prognostic of survival (38).  Unfortunately, this study 

was limited by the technology of the time and CD4 and CD68 macrophages not able to 

be enumerated.  The density of peri-tumoural dendritic cells was also identified as 

significant for survival in a study of 82 cutaneous melanoma (39).  There have also been 

conflicting studies reporting on the prognostic significance of FOXP3+ regulatory T 

cells, where some studies showed no association with prognosis(40), whereas others 

showed an association with poor prognosis (41, 42).  Lastly, CD68 macrophages at the 

invasive margin have been found to be independently associated with poor prognosis in 

227 AJCC 7th edition Stage I and II melanomas (43).   

Functional studies of the immune system have also been performed using genomic 

profiling techniques.  In the aforementioned TCGA study of melanoma, approximately 

67 (20%) of the 333 cutaneous melanoma specimens were primary melanomas (19).  

Unsupervised hierarchical clustering analysis of 1500 genes in these samples revealed 

three signatures: immune, keratin and MITF-low.  Good prognosis was observed in 

patients with regionally metastatic disease who exhibited the immune signature.  A 

proposed lymphocyte score (LS), a semi-quantitative measure of lymphocytes in a 

specimen was also associated with improved survival.  LCK and SYK, two immune 

related proteins involved in T cell and B cell signalling respectively were also examined 

using reverse-phase protein array.  High LCK levels, but not SYK levels, were found to 

be positively associated with survival.  There was considerable overlap between the 

immune signature, high LS and LCK expression.   



6 
  

The Lund study was another large study to report on the transcriptomic immune profile 

of melanoma(44).  In this study, 57 stage IV melanoma samples into 4 molecular 

classes: high immune response, proliferative, pigmentation and normal-like subtype.  

The high immune response subtype was associated with the best prognosis, and was 

externally validated in 44 stage III/IV patients.  The high immune response category 

was associated with high CD3 density and high expression of 30 immune related genes.  

These molecular categories were later simplified into 2 categories: low grade and high 

grade forms of melanoma and validated in early stage disease (45).  In this study 210 

cutaneous melanomas were studied, with the same 4 classes confirmed to be preserved 

in the early stages of disease.  Given the good survival associated with the high immune 

and normal-like classes, these were grouped into a low grade- subgroup, whereas the 

proliferative and pigmentation subclasses were grouped into a high grade- subgroup.   

This low grade- and high grade- classification was subsequently validated in an 

independent study of 224 primaries and 76 secondaries, where this classification was 

confirmed to be prognostic independent of tumour thickness, ulceration status and 

mitotic rate (46).   

These seminal studies emphasised the importance of an immune signature on melanoma 

prognosis, and signalled the immune system as a potential therapeutic target.   

1.1.5 Overview of treatment 

The introduction of effective systemic therapies over the past decade has resulted in 

unprecedented improvements in survival and quality of life for patients with metastatic 

melanoma.  Melanoma is exemplary of the possibilities that can be achieved by rapid 

translation of basic science into the clinic.  Equally, the expeditious entry of these novel 

therapeutics into the clinic has raised many unanswered questions, including how to 

identify the subset of patients who will derive durable benefits from these treatments.   

The treatment of melanoma has paved the way for other cancer types and revolutionised 

therapeutic strategies for combating cancer, specifically by going beyond surgery, 

cytotoxic chemotherapies and radiation.  Instead, the new cornerstones of melanoma 

treatment are based on inhibition of driver mutations within the tumour which enable its 

growth, as well as reinvigoration of the exhausted immune system for tumour killing.  

As testament to the scientific advances and perseverance of both patients and clinical 

trial investigators, the 5-year survival of metastatic melanoma has risen astoundingly 
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from less than 10% to over 50% in the most recent updates of immunotherapy studies 

(11, 47).  The treatment of metastatic melanoma will be summarised below.      

Before the advent of effective systemic treatments, surgery for resectable metastatic 

disease was a mainstay of treatment.  Surgical series report durable survival in selected 

patients, and metastatectomy was offered to patients where it was technically feasible 

despite the lack of randomised studies (48-51).  Palliative radiation treatment was also 

used for symptomatic disease.  Since the introduction of systemic therapies with proven 

survival benefit, these local modalities are reserved for treatment of refractory disease, 

or are being evaluated in conjunction with immunotherapy in attempt to stimulate an 

abscopal response in the case of radiation (52-55).      

Cytotoxic chemotherapies have not been shown to improve overall survival (OS) in 

randomised studies.  Dacarbazine (DTIC), an alkylating chemotherapy, approved in the 

1970s, was an option as a palliative treatment, with a treatment response rate (mainly 

partial response) of approximately 15% (56).  However, DTIC has not been evaluated 

against best supportive care, and made little difference to overall survival in randomised 

studies compared with other agents (56-59).    Variations in dosing regimens of DTIC or 

the addition of combination cytotoxic chemotherapy, hormonal or immunotherapy to 

DTIC failed to improve survival despite considerable toxicity (60-64).   

Temozolomide is an oral preparation of another alkylating agent which, like DTIC, is a 

prodrug of the active methyl triazeno imidazole carboxamide, MTIC.  The distinct 

advantage of temozolomide was its ability to penetrate the central nervous system 

(CNS), which is important as CNS metastases affect about one third of patients with 

metastatic melanoma (1, 65).  Temozolomide was confirmed to have equal efficacy as 

DTIC in a phase III randomised study (66).  Even though the progression-free survival 

(PFS) was longer with temozolomide compared to DTIC (1.9 vs. 1.5 months, p=0.012), 

this did not translate into an overall survival benefit: median OS 7.7 months with 

temozolomide compared with 6.4 months with DTIC (Hazard Ratio, HR 1.18, 95% CI 

0.92-1.52).  Other chemotherapy regimens such as fotemustine or carboplatin with 

paclitaxel also failed to demonstrate any survival benefit over DTIC (67, 68).       

As a result of the lack of effective systemic treatments, enrolment into clinical trials 

remained the recommended standard of care treatment for metastatic melanoma even in 

the late 2000s (69, 70). Subsequently, there was a major breakthrough in the treatment 
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of melanoma, and indeed in the treatment of cancer in general, which involved the 

targeting of specific mutations within the tumour with small molecular inhibitors.  In 

melanoma, this involves the use of BRAF and MEK inhibitors to target the Mitogen 

Activated Protein Kinase (MAPK) pathway, which controls cell cycling, response to 

growth stimuli, motility and cellular survival (71-73).  

Approximately 35-50% of metastatic melanomas harbour a BRAF mutation, which 

results in constitutive activation of the MAPK pathway; this in turn drives cellular 

proliferation, melanoma growth and metastasis (74).  Most BRAF mutations involve a 

substitution of valine with glutamic acid at the 600 codon (V600E) or valine with lysine 

(V600K), or less commonly, other mutations at V600 or surrounding amino acids.  The 

V600 mutations can be targeted by oral BRAF inhibitors such as vemurafenib, 

dabrafenib or encorafenib.  Other mutations in this gene are variably sensitive to these 

agents or MEK inhibitors such as cobimetinib, trametinib or binimetinib; whereas some 

mutations are entirely resistant (75-77).  BRIM3, a phase III clinical trial in BRAF-

V600E mutant melanoma, showed that vemurafenib significantly improved PFS and OS 

when compared to chemotherapy using DTIC (78).  The BRAF inhibitor, dabrafenib, 

also significantly increased PFS compared to dacarbazine (79).  Encorafenib is another 

BRAF inhibitor with a longer dissociation half-life than vemurafenib or dabrafenib, and 

hence was proposed to have more sustained target inhibition (80).  BRAF inhibitor 

monotherapy is associated with response rates of approximately 50% (78, 79, 81).      

Despite extremely rapid and dramatic responses to BRAF inhibitors, a series of 

secondary events including treatment driven mutations eventually lead to acquired 

resistance to therapy (82-84).  The concurrent targeting of MEK can reduce or prevent 

resistance to BRAF inhibitors.  MEK is immediately downstream of BRAF in the 

MAPK pathway and was identified as the gene target of several resistance mechanisms 

(82, 85).  MEK inhibitors are routinely started in combination as a result of the 

following positive randomised studies. The COMBI-d study went on to show that the 

combination of dabrafenib and trametinib significantly improved both PFS and OS 

when compared to dabrafenib monotherapy (86).  The phase III study of dabrafenib and 

trametinib compared to vemurafenib was stopped after a pre-planned interim analysis 

confirmed it had met its OS efficacy endpoint (87).  A phase III study investigated 

vemurafenib in combination with cobimetinib or placebo and, again, confirmed an 

improvement in PFS with the combination (88).  Encorafenib and binimetinib was the 
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latest combination to be evaluated against encorafenib monotherapy and vemurafenib 

monotherapy in a randomised phase III study (81).  Dual inhibition by encorafenib and 

binimetinib showed improved PFS compared to encorafenib or vemurafenib 

monotherapy.  Across the studies, the combination use of BRAF and MEK inhibitor 

was associated with a consistently higher response rate of approximately 70% compared 

to 50% with monotherapy with resultant improvements in PFS and OS.   

 

Figure 1.1. Modified schema of the mitogen-activated protein kinase 
(MAPK) pathway in melanoma  
Aberrant MAPK signalling is present in 35-50% of melanoma, with 
constitutive activation of the RAS/RAF/MEK/ERK cascade.  
Approximately 80% of the mutations BRAF are valine to glutamic acid 
(V600E) substitution mutations, and approximately 16% are valine to lysine 
(V600K) substitutions.  These mutations can be therapeutically blocked by 
combination BRAF and MEK inhibitors as shown.    
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Lastly, although BRAF inhibitor monotherapy is generally well tolerated, it can be 

associated with side effects which are dose limiting, including: fatigue, rash, arthralgia, 

photosensitivity or pyrexia.  BRAF inhibition can cause paradoxical activation of the 

upstream RAS node, leading to the development of keratoacanthomas and squamous 

cell carcinomas (89, 90).  Interestingly, the combination of BRAF and MEK inhibitors 

can reduce the incidence of these keratoacanthomas and squamous cell carcinomas (81, 

89, 90).  Dual targeting of BRAF and MEK is associated with reduced toxicity and 

improved efficacy compared to BRAF monotherapy and is therefore a standard of care 

treatment for patients with BRAF mutated melanoma.  Despite a higher response rate to 

combination inhibition of BRAF and MEK compared to BRAF monotherapy, the 

median PFS is still only between 11-15 months with combination therapy across studies 

(81, 86-88).  This highlights the need to identify resistance mechanisms and 

therapeutics that can induce more durable survival.          

Molecular targeted therapies were developed simultaneously with immune checkpoint 

inhibitors (ICI), but these two classes of treatments have not yet been compared in 

randomised studies.  Immunotherapy is an option for patients whose melanoma does not 

harbour a sensitive mutation or patients whose tumour has become resistant to BRAF 

and MEK inhibitors.  Equally there is mounting evidence that MAPK targeted therapies 

modulate the tumour microenvironment with possible consequences for effectiveness of 

second line immunotherapy.  The optimal sequencing of these treatments is an area of 

ongoing research and will not be explored here.  There are ongoing clinical trials which 

aim to address this important issue: IMMU-TARGET (NCT02902042), EORTC 1612 

(NCT03235245), and SECOMBIT (NCT02631447).  Furthermore, there are studies 

evaluating the combination of targeted and immune therapies.  Early studies of 

combined targeted therapy and immunotherapies were hampered by toxicity (91, 92), 

but potentially more tolerable combinations are being investigated (TRILOGY, 

NCT02908672; COMBI-i, NCT02967692).  The details of the seminal clinical trials of 

immunotherapy will be reviewed below.   

  

http://clinicaltrials.gov/show/NCT02902042
http://clinicaltrials.gov/show/NCT03235245
http://clinicaltrials.gov/show/NCT02631447
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1.2 Immunotherapy 

There was an early recognition of the importance of the immune system in melanoma.  

Spontaneous regression of metastatic melanoma was first described in 1866 and a 

literature review identified 75 additional reports of durable survival associated with this 

phenomenon (93).  Furthermore, the risk of melanoma development is noted to be 

higher in the immunocompromised, such as patients with chronic lymphocytic 

leukaemia or HIV/AIDS or after organ transplantation (94-98).  These observations led 

to attempts to modulate the immune system as a form of treatment for cancer.  In 1898, 

Dr William Coley reported tumour regressions in a subset of patients with sarcoma 

whom he injected with bacterial vaccine (99).  Since then, investigation into various 

methods of stimulating the immune system followed, with a number of studies 

evaluating the treatment of advanced melanoma with vaccines and cytokine therapies 

such as high dose interleukin 2 (IL2) and interferon.  Consistently, there were reports of 

patients who had gained long term benefit from immunotherapy but this applied to only 

a very small subset of patients despite high toxicities. 

In detail, high dose IL2 was evaluated in three randomised studies, and demonstrated an 

objective response rate (ORR) of 5-27% with a complete response rate of 0-11% (63, 

100-102). Notably, in these studies, durable survival was observed in responders 

(ranging from 6-66 months, with a median OS of 27 months).  A large number of non-

comparative studies has since been conducted and showed an even more impressive 

survival in patients who obtained a complete response from the treatment (103).  

Exceptionally high rates of severe or life-threatening toxicity (Common Terminology 

Criteria for Adverse Events, CTCAE, grade 3 or 4) were seen throughout the studies, 

with nausea, vomiting, diarrhoea, cardiovascular shock, renal and hepatic impairment, 

as well as encephalopathy.    Studies which reported rates of toxic deaths approximate 

this rate to be 4% with high dose IL2 (104).  Given the substantial toxicity, high dose 

IL2 was a treatment option for only a very select group of patients with excellent 

performance status in specialised centres despite its tantalising durable responses.  

 

Interferon alpha had an established role in the adjuvant setting but did not improve 

survival in the metastatic setting (105, 106).  Response rate to single agent interferon-

alpha was 22% but this did not translate to an improvement in survival (105).  Several 
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types of toxicities were associated with interferon, namely flu-like illness (fatigue, 

pyrexia, myalgia, headache and arthralgia) as well as the more serious hepatitis, 

haematological toxicities, and debilitating fatigue or neuropsychiatric side effects.  

Pegylated interferon (PEG-IFNα-2a) showed better tolerability, with efficacy similar to 

that of interferon (106).  

Early in the development of immune modulators, cancer vaccines appeared particularly 

exciting.  Tumour specific vaccines were developed with tumoural responses observed, 

particularly in patients with an expanded clone of anti-tumour cytotoxic T cells (107, 

108).  Unfortunately, the utility of vaccines in clinical practice was limited by the 

inability to reproducibly elicit an anti-cancer immune response, as well as by the 

presence of inhibitory mechanisms within the tumour environment which were left 

unchecked (109).  Other efforts to modulate the immune system to treat cancer include 

adoptive T cell transfer and injectable vaccines.  Adoptive T cell transfer is the process 

by which genetically engineered autologous lymphocytes specific to tumour antigens 

are reinfused back into the patient, resulting in tumoural regression (110-113).   

Injectable vaccines were also developed, such as subcutaneous treatments of BCG 

injected directly into melanotic lesions resulting in local control but not long term 

survival (114).  More recently, cancer vaccines such as Talimogene laherparepvec 

(TVEC) have been evaluated.   TVEC is a herpes simplex virus type 1 derived oncolytic 

immunotherapy designed to replicate within tumours and produce granulocyte 

macrophage colony-stimulating factor (GM-CSF).  In the phase III OPTiM clinical 

study, TVEC injections resulted in an objective response rate of 26.4% with a durable 

response rate of 16.3% at 6 months for patients with unresectable stage III or stage IV 

melanoma(115).  However, a limitation of percutaneous therapy is that it is applicable 

only to patients with cutaneous and subcutaneous metastases, which poses technical 

challenges in the metastatic setting but may be more appropriate as a neoadjuvant 

strategy.   

While there are challenges in translating some of these therapies to the general patient 

with metastatic melanoma, this exciting approach of modulating the immune system as 

a cancer therapeutic set the scene for the development of ICI. 
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1.2.1 Immune Checkpoint Inhibitors (ICI)  

The major paradigm shift in cancer immunotherapy was the advent of ICI, where the 

response rates were far higher and toxicity far more tolerable than with other immune 

based treatments.  Since 2011, seven different ICI have been approved in 15 different 

malignancies (116).  Understanding the mechanism of action of these agents could 

potentially enable the identification of those who are most likely to respond to 

treatment, as well as possible mechanisms of resistance to therapy.   

Immune checkpoints are part of a normal physiological process whereby activated T 

cells are inhibited in order to regulate immune responses and prevent autoimmunity.  

Immune tolerance occurs both centrally at the thymus, where high affinity self-reactive 

clones are eliminated, as well as peripherally, mediated by regulatory T cells, T-cell 

anergy, cell-extrinsic tolerogenic signals and peripheral clonal deletion (117).  During 

tumour progression, there is tumour immunoediting, where tumours selectively develop 

mechanisms to evade detection by the immune system (118).  In the final stage of 

tumour escape, tumours can utilise complex mechanisms to evade the immune system, 

such as the upregulation of inhibitory checkpoints, recruitment of regulatory T cells or 

myeloid cellular subsets into the tumour microenvironment, as well as production of 

immunosuppressive cytokines such as TGF-beta and IL10 (119-121).       

The crucial steps of T cell activation have been nicely summarised in the cancer-

immunity cycle (122).  Three major signals are required for the activation of T cells, 

namely: 1) Recognition of antigen between major histocompatibility complexes (MHC) 

class 1 on antigen presenting cells and T Cell Receptor (TCR) on T cells; 2) Co-

stimulation signals and 3) Inflammatory cytokines.  Cancer neoantigen specific T cells 

initially undergo clonal selection, with subsequent priming and activation following T 

cell recognition of corresponding antigens on MHC expressed by antigen presenting 

cells.  For full activation, a costimulatory signal is required between antigen-presenting 

cells and T cells (between B7 and CD28).  After activation and proliferation, T cells are 

trafficked to specific sites mediated by cytokines control.  In order to achieve tumour 

killing, effector T cells release interferon gamma and other cytotoxic cytokines upon 

encountering cognate antigens on MHC.  The durability of immune based therapy is 

thought to be attributed to the formation of memory T cells, which can remain quiescent 

until antigen re-exposure.       
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Upon T cell activation, negative feedback mechanisms (via checkpoints) are initiated in 

order to regulate the inflammatory response.  CTLA4 was the first immune checkpoint 

to be characterised in 1987, and is upregulated upon T-cell engagement (123).  CTLA4 

was subsequently discovered to competitively bind to B7 on antigen presenting cells, 

thereby preventing the costimulatory effects of CD28 (which is mediated by PI3K and 

AKT) (124).  CTLA4 primarily functions to regulate T cell activity at sites of T cell 

priming (e.g. secondary lymphoid organs) but it is also active in peripheral tissues 

(117).  In addition to its modulatory activity on effector T cells, CTLA4 is also crucial 

to the function of regulatory T cells (Tregs) (125, 126)  Specific loss of CTLA4 on 

Tregs can induce aberrant T cell activation, resulting in autoimmunity (127).  CTLA4 

can also limit the availability of B7 ligands through transendocytosis of B7 ligands from 

antigen presenting cells (APC) (128).     

Programmed Death-1 (PD-1) and its ligands, Programmed Death-Ligand1 (PD-L1) and 

Programmed Death-Ligand 2 (PD-L2), were subsequently discovered (129).  The main 

function of PD-1 is to maintain peripheral tolerance by inhibiting the effector phase of T 

cells.  PD-1 is expressed on T and B cells upon activation  (130).  Its ligands PD-L1 and 

PD-L2 are expressed widely on peripheral tissues, and are inducible in response to 

inflammatory cytokines such as interferon (131, 132).  Within the tumour 

microenvironment, tumour cells and immune cells can express PD-L1 which attenuate 

T cell responses by inhibiting proliferation and cytokine production, as well as 

promoting T-cell apoptosis; with resultant immune evasion by the tumour (132-135).  

The two main mechanisms that regulate PD-L1 expression on tumour cells are ‘adaptive 

immune resistance’ and ‘innate immune resistance’ (136).  Adaptive immune resistance 

is the inflammation/interferon dependent pathway in which immune cells induce PD-L1 

expression on tumour or surrounding immune cells (137, 138).  Innate immune 

resistance describes the upregulation of PD-L1 by tumour which can result from 

constitutive PD-L1 (CD274) gene amplification or aberrant activation of oncogenic 

signalling pathways such as JAK/STAT, c-jun/STAT3 or PI3K pathways (139-142).   

Crucial scientific discoveries pertaining to these immune checkpoints have enabled the 

development of immune checkpoint inhibitors which have been transformative in the 

treatment of cancer.  At the time of writing, seven ICI have Food and Drug 

Administration approval in USA: one inhibitor of CTLA4 (ipilimumab), three inhibitors 

of PD-1 (pembrolizumab, nivolumab, and cemiplimab) and three inhibitors of PD-L1 
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(atezolizumab, durvalumab, and avelumab) (116).  In the treatment of advanced 

melanoma, the anti-CTLA4 (ipilimumab) and the two anti-PD-1 agents (pembrolizumab 

or nivolumab) are available as monotherapy or in combination (ipilimumab and 

nivolumab combination).  The key proposed mechanisms of action of anti-CTLA4 and 

anti-PD-1 will be reviewed below, followed by a summary of the seminal clinical trials 

for ICI in melanoma.  An understanding of the underlying mechanisms of action for 

these novel treatments may help identify possible biomarkers to predict the subset of 

patients who are more likely to respond.   

Essentially, the blockade of immune checkpoints allows for attenuation of the normal 

regulatory control mechanisms, thereby allowing an unrestrained enhancement of T cell 

activation and tumour killing.  However, several additional mechanisms of action have 

also been proposed.  Firstly, regarding anti-CTLA4, these work primarily within 

tumour-draining lymph nodes, and sterically inhibit CTLA4 in their competition for B7-

1 and B7-2 costimulatory ligands, which enables unrestrained CD28-mediated co-

stimulation of T cell activation (143).  As a result, APCs are able to cross-present 

tumour antigens to prime T cells.  Anti-CTLA4 also leads to an expansion of 

neoantigen-specific CD8 T cells as well as a PD-1+ICOS+TBET+ Th1- like CD4 

effectors (similar to T follicular helper cells) within the tumour microenvironment (144, 

145).  This expansion of ICOS+ CD4 effectors has also been observed in patients treated 

with ipilimumab in a number of different cancer types including melanoma (146-148).  

Anti-CTLA4 also depletes Tregs within the tumour, which are known to be 

immunosuppressive (149-152).  Antibody-dependent cellular cytotoxicity mediated 

depletion of Tregs has also been proposed, i.e. Fc mediated cell depletion of Tregs by 

monocytes, and this correlated with increased response to ipilimumab (153, 154).   

Lastly, remodelling and broadening of the peripheral TCR repertoire has been observed 

after anti-CTLA4, resulting in the increase of the functional reactivity of peripheral 

CD8 T cells for melanoma antigens (155, 156).  Multiple distinct mechanisms 

contribute to the antitumour effects of anti-CTLA4, but questions remain about the 

relative contributions of these mechanisms and whether murine models, in which these 

mechanisms have been identified, are representative of what occurs in humans.   

The exact mechanisms of action for PD-1 blockade are not well elucidated despite 

extensive research (117).  Anti-PD-1 is thought to cause reinvigoration of CD8 T cells, 

with resultant increase in not only the number of CD8 T cells but also their functional 
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activity.  Anti-PD-1 leads to inhibition of the PD-1 mediated attenuation of proximal 

TCR signalling, allowing for exhausted T cells to be restored.  Correspondingly, 

responders to anti-PD-1 are observed to have a pre-existing population of CD8 effector 

cells within the tumour microenvironment (157, 158).  However, the fact that responses 

are observed in PD-L1-negative tumours suggests that a pre-existing immune infiltrate 

is not absolutely necessary, and that new populations of effector T cells can be 

recruited.  There is both clinical and preclinical evidence that points to an expansion of 

CD8 T cells following anti-PD-1; a novel T cell subset of CXCR5+ PD-1+CD8 T cells 

was also seen after anti-PD-1 in a chronic viral model (159, 160).  More recently, 

intensive research has revealed the additional contribution of other immune cell types in 

anti-PD-1 treatment, such as CD4, B cells and myeloid subsets (161-165).  While this is 

not surprising given the importance of these other cellular subsets in general immunity, 

this recent focus away from CD8 effector cells opens the door to additional mechanisms 

by which anti-PD-1 exerts its anti-tumour effects; particularly the mechanisms that 

underpin the CD8 T cell recruitment and generation of immune memory (163, 164).  

Furthermore, these observations may lead to the development of a suite of novel 

therapeutics targeting these immune cell types either as monotherapy or in combination 

with anti-PD-1 or anti-CTLA4.  Similarly, detailed characterisation of the mechanisms 

of action for these agents also facilitates the identification of likely responders as well as 

mechanisms of resistance.       

1.2.2 Summary of clinical trials for ICI in advanced melanoma  

There are currently two immune checkpoints targeted for advanced melanoma, namely 

anti-CTLA4 and anti-programmed death 1 (anti-PD-1) monoclonal antibodies (166).  

The details of the key phase III studies are reviewed in Table 1.2. 

Ipilimumab, a monoclonal antibody targeting CTLA4, was the first systemic treatment 

to demonstrate improved overall survival in a randomised study of patients with 

advanced melanoma (166).  In this study, ipilimumab monotherapy and ipilimumab 

with gp100 peptide vaccine both showed a prolonged overall survival compared to the 

gp100 vaccine in previously treated patients.  Notably, this survival benefit has been 

maintained with subsequent follow-up, with durable survival observed in 20% of 

patients.  Two dosages of ipilimumab (10mg/kg vs. 3mg/kg) were then evaluated in a 

randomised study of treatment-naïve patients, with 10mg/kg being associated with an 
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improved OS compared to 3mg/kg (167).  However, this higher dose was also 

associated with higher rates of toxicity (34% compared to 18% respectively).  

Ipilimumab is no longer used as monotherapy in the first line setting, but the 3mg/kg 

dose is used in standard practice (168).     

In a pooled analysis of phase II and phase III studies of anti-CTLA4 (1861 patients in 

10 prospective and two retrospective studies), the median OS was 11.4 months (95% 

CI, 10.7 to 12.1 months). The survival curve began to plateau around year 3, with 

follow-up of up to 10 years. Three-year survival rates were 22%, 26%, and 20% for all 

patients, treatment-naive patients, and previously treated patients, respectively (169).  

This study highlights that while a durable benefit is observed in a subset of patients, the 

majority of patients did not respond.   

Ipilimumab monotherapy is no longer the standard of care treatment, owing to the 

superior efficacy and reduced toxicity of anti-PD-1 agents (170).  Two anti-PD-1 

monoclonal antibodies, pembrolizumab and nivolumab, have been extensively studied 

in advanced melanoma.  Both agents have shown durable responses of 30-40% in phase 

III clinical studies of both treatment-naïve and previously treated patients.  The longest 

follow-up of survival data come from the phase 1 studies, with an impressive 5 year 

PFS of 21% and 5 year OS of 34% seen with pembrolizumab (171).       

CHECKMATE-066, the phase III clinical trial, compared nivolumab to DTIC, and 

showed that 73% of patients were alive at one year with an objective response rate of 

40% following nivolumab (172).  This study showed an improvement in overall 

survival (median OS 38 months with nivolumab v 11 months with DTIC, HR 0.46) with 

3 year survival of 51% v 22% respectively (173).  KEYNOTE-006  was the seminal 

study to show an improved OS of pembrolizumab against ipilimumab monotherapy, and 

anti-PD-1 has replaced ipilimumab monotherapy as the standard of care treatment in the 

first line setting (174).  The most recent update of this study reported an improvement 

of median OS of 32.7months with pembrolizumab cohorts compared with 15.9 months 

in the ipilimumab cohort (HR 0.73) and 5 year survivals of 39% and 31% respectively 

(175).  CHECKMATE-067 is a phase III study which compared combination 

nivolumab and ipilimumab with monotherapy of either agent, where the combination 

showed a further increase in response rate (ORR 58% combination, 44% nivolumab, 

19% ipilimumab) (176).   This has translated to an impressive 5 year OS of 54% in 
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patients treated with the combination, which is the highest of any agent evaluated in a 

phase III ICI study of metastatic melanoma to date (177).   

These exciting responses seen with immunotherapy are tempered by immune related 

toxicity as well as significant financial cost (166, 178, 179).  Generally ipilimumab is 

associated with severe (CTCAE grade 3-4) adverse events in 15-20% of patients, 

whereas anti-PD-1 have lower toxicity around 10-15% (172, 174).  The combination 

ipilimumab and nivolumab has the highest toxicity yet, with grade 3-4 adverse events of 

55% of patients treated with the combination compared with, 16% of patients treated 

with nivolumab and 27% of patients treated with ipilimumab (176).  With longer follow 

up, the toxicity rates in the combination and anti-PD-1 arms are higher (59% in the 

combination, 23% in nivolumab and 28% in ipilimumab), given the longer duration that 

patients remain on these efficacious therapies (177).  Of note, patients who enter into 

clinical trials are of good baseline performance status and the toxicity of these 

treatments, especially the combination ICI, may be higher in real world practice (180).  

One academic institution presented its experience of combination ipilimumab and 

nivolumab, where 91% of the 64 patients treated experienced a clinically relevant 

adverse event and 35% of patients required hospitalisation during their treatment course 

(180).   

Lastly, the concept of financial toxicity is increasingly recognised with cancer care and 

estimated to cost $173 billion by 2020 in USA (181).  The cost of cancer care is also 

rising in Australia: the annual PBS expenditure on anticancer drugs increased on 

average by 19% per annum, from $65 million in 1999-2000 to $466 million in 2011-

2012 (182).  Through the Australian publicly funded Pharmaceutical Benefit Scheme 

(PBS), the publicly listed dispensed price for maximum amount (per dose) in 2020 for 

ipilimumab is $45762.26, $10053.46 for nivolumab and $8717.46 for pembrolizumab 

(183). One treatment course of ipilimumab involves four doses, while nivolumab and 

pembrolizumab are administered every two and three weeks respectively for as long as 

they remain effective.  There have been efforts to reduce the frequency of 

administration of anti-PD-1 agents, owing to their long half-life and proposed 

comparability of pharmacokinetic properties of less frequent doses based on in-silico 

modelling, but the optimal duration of treatment remains unknown (184, 185).  Hence, 

patients may possibly remain on these treatments for years, resulting in a huge financial 

burden both to the patient and to the health care system.  There is an urgent need to 
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differentiate patients who are likely to respond from the non-responders. Such 

differentiation  becomes critical in order to avoid futile treatments, unnecessary toxicity 

and wasted health resources.   
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Table 1.2. Randomised phase III studies of immune checkpoint inhibitors in advanced melanoma 
 

Study Line of 

therapy 

Experimental 

arm  

(No. of patients, 

n)  

ORR 

(%) 

PFS 

median 

(months) 

PFS 

12m 

(%) 

PFS 

24m

(%) 

OS 

median 

OS 

12m 

(%) 

OS 

24m 

(%) 

All AE 

%pts 

G3/4 

AE 

%pts 

Pre-

specified 

subgroup 

(HR) 

Notes 

ANTI-CTLA4              
Ipilimumab v  

Ipi+gp100 v 

gp100 (166) 

2L 

(prior 

chemother

apy or IL2) 

3:1:1 

Ipilimumab + 

gp100 vaccine 

(403),  

Ipilimumab + 

placebo (137),  

gp100 + placebo 

(136) 

5.7,  

10.9, 

1.5 

2.76, 

2.86, 

2.76 

 

NR, 

NR, 

NR  

NR, 

NR, 

NR 

10.0  

(HR 

0.68)^*, 

10.0  

(HR 

0.66)^*, 

6.4 

 

43.6, 

45.6, 

25.3 

21.6, 

23.5, 

13.7 

88.9, 

80.2, 

78.8 

17.4, 

22.9, 

11.4 

LDH:  

Ipi Combo 

(<ULN 0.70 v 

>ULN 0.71);  

Ipi mono 

(<ULN 0.56 v 

>ULN 0.76);  

 

Ipilimumab + 

Dacarbazine v 

Ipi (186) 

1L 1:1 

Ipilimumab + 

Dacarbazine 

(250), 

Ipilimumab 

(252) 

33.2, 

30.2 

NR, 

NR 

HR 0.76, 

NR, 

NR 

NR, 

NR 

11.2, 

9.1  

(HR 0.72 

)^* 

47.3, 

36.3 

28.5,

17.9 

 

20.8, 

12.2 

(3y 

OS) 

98.8, 

94.0 

56.3, 

27.5 

Efficacy seen 

in all 

subgroups: 

Age, sex, 

ECOG 

performance 

status, 

baseline 

serum lactate 

dehydrogenas

e level, and 
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substage of 

metastatic 

disease  

Ipilimumab  

10mg/kg v 

3mg/kg (167) 

1L 1:1 

Ipilimumab 

10mg/kg (365),  

Ipilimumab 

3mg/kg (362) 

15.3, 

12.2 

2.8, 

2.8 

NR, 

NR 

NR, 

NR 

15.7, 

11.5^* 

54.3, 

47.6 

38.5, 

31.0 

 

31.2,

23.2 

(3y 

OS) 

79, 

63^ 

34, 

18 

BRAF:  

Wt  

HR 0.92 v 

Mut HR0.65;  

ECOG 0 HR 

0.80 v ECOG 

1 HR 1.00;  

LDH <2ULN 

HR 0.84 v 

>ULN HR 

0.97 

Both ipi had 

declined 

EORTC 

QLQ-C30 

until end 

treatment;EQ-

5D & ED-5D 

VAS decline 

only in 

10mg/kg 
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Study Eligibility Experimental 

arm  

(No. of patients, 

n)  

ORR 

(%) 

PFS 

median 

(months) 

PFS 

12m 

(%) 

PFS 

24m

(%) 

OS 

median 

OS 

12m 

(%) 

OS 

24m 

(%) 

All AE 

%pts 

G3/4 

AE 

%pts 

Pre-

specified 

subgroup 

(HR) 

Notes 

ANTI-PD-1              
KEYNOTE-

006 (170, 174) 

1L 1:1:1 

Pembrolizumab  

q2w (279),  

Pembrolizumab 

q3w (277),  

Ipilimumab 

(278) 

 

33.7, 

32.9, 

11.9 

 

 

5.6, 

4.1, 

2.8 

(both 

pembro v 

ipi, HR 

0.58)^* 

39, 

38, 

19 

31, 

28, 

14 

NR  

(HR 

0.68)^*, 

NR  

(HR 

0.68)^*, 

16m  

74, 

68, 

59 

55, 

55, 

43 

 

80, 

73, 

73 

13.3, 

10.1, 

19.9 

(inc 

G5) 

BRAF:  

Wt HR 0.57 

q2w,  

HR 0.66 q3w;  

Mut  

HR 0.67 q2w,  

HR 0.84 q3w; 

 
ECOG 1  

HR, 0.71 

q2w;  

HR, 0.60 

q3w, 

ECOG 0 HR, 

0.55 q2w; 

HR, 0.75 

q3w;  

 

PDL+ 

HR, 0.55 

q2w; HR, 

0.58 q3w,  

PDL- 

HR, 0.91 

q2w; HR, 
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1.02 q3w 
KEYNOTE-

006: 

Updated 

analysis,  

Pembrolizumab 

Cohorts 

combined(175) 

1L 1:1:1 

Pembrolizumab 

q2w or q3w 

(combined 

analysis 556), 

Ipilimumab 

(278)  

42, 

17 

8.4, 

3.4 

(HR 

0.57)^*  

NR, 

NR 

23, 

7 

(48

m 

PFS) 

32.7, 

15.9 

(HR 0.73)^* 

NR, 

NR 

39, 

31 

(5y 

OS) 

80, 

74 

17, 

20 

 Treatment for 

24m on 

pembro. 

 

Analysis of 

pts receiving 

2nd course 

pembro 

(n=103) 
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CHECKMATE 

037 (187, 188) 

2L after ipi 2:1  

Nivolumab (272), 

ICC (Dacarbazine 

or carboplatin, 

paclitaxel; 133) 

27, 

10  

3.1, 

3.7  

(HR 

1.0)^ 

NR, 

NR 

20, 

4 

15.7, 

14.4 

(HR 0.95)^ 

NR, 

NR 

39, 

34 

68, 

79 

14, 

34 

ECOG 0 v 1:  

HR, 0.64 0.49 

to 0.83;  

 

Brain mets no 

v yes: HR, 

0.61; 95% CI, 

0.45 to 0.83;  

 

LDH<ULN v 

>ULN HR, 

0.60; 95% CI, 

0.46 to 0.78 

 

Higher ORR 

in higher PD-

L1 for Nivo 

but no 

optimal 

threshold 

identified 

Higher rates 

of cross over 

post study to 

antiPD-1  in 

ICC group 

(41% v 11%) 

 

Higher bad 

prognostic 

features in 

nivolumab 

group:  

Brain mets 

(20% v 14% 

and raised 

LDH 52% v 

38%) 

CHECKMATE 

066 (172, 173) 

1L BRAF Wildtype 

1: 1  

Nivolumab (210),  

Dacarbazine (208) 

40, 

14 

5.1,  

2.2  

(HR 

0.43)* 

NR, 

NR 

32, 

3  

(3y 

PFS) 

38, 

11 

(HR 0.46)^* 

 

73, 

42 

51, 

22 

(3y 

OS) 

73, 

76 

12, 

18 

Nivolumab 

arms: 

PD-L1+  

HR 0.30, 

PD-L1-  

HR 0.48 

 

ECOG 0:  

HR 0.32, 

ECOG 1:  

HR 0.64 

Post study 

therapy:  

ICI 36% Nivo 

v 51% DTIC 

 

ORR to 2nd 

line 

ipilimumab in 

Nivolumab 

arm was 

10.3% (n=68) 
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LDH:  

<ULN:  

HR 0.35, 

>ULN  

HR 0.41 
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Study Eligibility Experimental arm  

(No. of patients, 

n)  

ORR 

(%) 

PFS 

median 

(months) 

PFS 

12m 

(%) 

PFS 

24m

(%) 

OS 

median 

OS 

12m 

(%) 

OS 

24m 

(%) 

All AE 

%pts 

G3/4 

AE 

%pts 

Pre-specified subgroup 

(HR) 

Anti-CTLA4 

and AntiPD-1 

            

CHECKMATE 

067(176, 177, 

189, 190) 

1L 1:1:1  

Combination 

Nivolumab 

+ Ipilimumab 

(314), 

Nivolumab (316), 

Ipilimumab (315) 

58, 

44, 

19 

11.5 

(HR 

0.42)*,  

6.9  

(HR 

0.53)*,  

2.9 

49, 

42, 

18 

46, 

39, 

14 

 

36, 

29, 

8 

(5y 

PFS

) 

Not reached 

at 60, 

37,  

20 

HR 0.54 

74, 

67, 

NR 

59, 

45, 

64 

 

52,  

44, 

26 

(5y 

OS) 

96, 

86 

86 

59, 

23, 

28 

4 year OS 

PD-L1 ≥ 1%:  

Combo HR vs nivo, 0.92, 

Nivo HR vs ipi, 0.45;  

PD-L1 < 1%: 

Combo HR vs nivo, 0.68, 

Nivo HR vs ipi, 0.60 

 

PD-L1 ≥ 5%:  

 Combo HR vs nivo, 0.86, 

Nivo HR vs ipi, 0.43;  

PD-L1 < 5%: 

Combo HR vs nivo, 0.78, 

Nivo,  HR vs ipi, 0.54 

 

PD-L1 ≥ 10%:  

Combo HR vs nivo, 0.67, 

Nivo HR vs ipi, 0.48;  

PD-L1 < 10%: 

Combo HR vs nivo, 0.83, 

Nivo HR vs ipi, 0.52 

 

BRAF mut:  

Combo HR vs nivo, 0.62, 

Nivo HR vs ipi, 0.73; 

BRAF wt: 
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Combo HR vs nivo, 0.89, 

Nivo HR vs ipi, 0.47 

 

LDH ≤ ULN: 

Combo HR vs nivo, 0.77, 

Nivo, HR vs ipi, 0.51; 

> ULN: 

Combo HR vs nivo, 0.78, 

Nivo, HR vs ipi, 0.59; 

> 2 × ULN: 

Combo HR vs nivo, 0.70, 

Nivo HR vs ipi, 0.57 

Adapted from J. Luke (191).  The response, toxicity rates and survival data with the longest follow-up are presented in this table. 

^primary endpoint, *statistically significant; ORR, objective response rate; PFS, progression free survival; OS, overall survival; AE, drug 

related adverse event; G3/4, Common Terminology Criteria for Adverse Events Grade 3 or 4; 12m, 12 months; 24m, 24 months; pts, 

patients; HR, hazard ratio; L, line of therapy; NR, not reported; LDH, Lactate Dehydrogenase; ULN, upper limit of normal; Pembro, 

pembrolizumab; BRAF Wt, BRAF wildtype; BRAF Mut, BRAF Mutation; Brain mets, brain metastases; ECOG European Cooperative 

Oncology Group Performance Status.  
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1.2.3 ICI in non-melanoma skin cancers 

As discussed previously, ICI are thought to be particularly effective in cancers with a 

high mutational burden.  Mutational burden can arise from mutagens such as UV 

radiation or virally driven processes.  Accordingly, ICI has also been highly efficacious 

in other cutaneous skin cancers such as Merkel Cell Carcinoma (MCC) and cutaneous 

squamous carcinoma (cSCC), and response rates to ICI in these two cancers exceed 

even those of melanoma (192-195).  A deeper understanding of the immune landscape 

of these non-melanoma skin cancers may highlight potential immune processes that are 

differentially active in these cancers, and therefore reveal vulnerabilities for therapeutic 

targets that are disease-specific. 

Merkel cell carcinoma    

Merkel cell carcinoma is a rare but aggressive cutaneous neuroendocrine malignancy 

with a 5-year mortality rate three times higher than that of melanoma (46% vs 15% 

respectively) (196).  MCC has a high chance of loco-regional recurrence and propensity 

to spread to lymph nodes and distant sites.  As with melanoma, Australia and New 

Zealand have the highest incidence of MCC internationally, approximating 4 per 

100,000 in men and 1.5 per 100,000 in women (197-199).    

Risk factors for MCC include increased UV exposure and advanced age, with rates as 

high as 20 per 100,000 in those over 80 years of age (198, 200).  Immunosuppression is 

another risk factor for MCC, for example in patients who are immunocompromised or  

are on immune-suppressants after solid organ transplants (201, 202).  The understanding 

of the pathophysiology underpinning MCC has deepened since the discovery of the 

Merkel cell Polyomavirus (MCPyV) in 2008 (203).  Internationally, MCC is associated 

with MCPvY in approximately 80% of cases.  However, only 20% of cases are 

associated with MCPvY in Australia (198).  Instead, MCC in Australia is more likely to 

be MCPyV negative and more associated with UV damage (204).  MCPyV negative 

tumours are more likely to have a high mutation load (10 mutations/Mb in one series) 

and exhibit a UV related signature of C > T transitions, whereas MCPyV positive 

tumours have a low mutational burden (0.4 mutations/Mb) and are not associated with 

the UV related signature (205, 206).  Given the association of UV related high 

mutational burden or its viral aetiology, immunotherapy was a rational therapeutic 

strategy for MCC (206).   
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Indeed, multiple phase II studies evaluating ICI have shown impressive results in 

patients with metastatic MCC.  Prior to the era of immunotherapy, advanced MCC was 

treated with cytotoxic platinum-based chemotherapy.  Despite a high initial response 

rate of 55% in first line treatment, the median PFS was only three months and OS was 

nine months (207).  Second line treatment had an even lower response rate ranging from 

9-23% and a PFS of 2 months (207-209).  Anti-PD-L1/PD-1 treatments were initially 

trialled in patients with chemo-refractory disease.  The first study was a phase II trial of 

avelumab (JAVELIN200 Part A) in 88 patients with metastatic MCC (194).  The ORR 

in this study was 32%, and 82% of the responses were ongoing at the time of analysis 

(median follow-up of 10.4 months).  The median PFS was 2.7 months with a 6-month 

PFS of 40%.  In terms of overall survival, the 6-month OS was 69% with a median OS 

of 11.3 months.  Grade 3 or 4 adverse events occurred in 11% of patients.  Anti-PD-1 in 

the second line setting was also evaluated in a phase II study of nivolumab in patients 

with virally associated cancers (195).  There were 25 patients with MCC included in 

this study, and responses were observed in treatment-naïve (71%) as well as previously 

treated patients (63%); the median PFS and OS was not reached in almost one year of 

follow up.  The results of this study must be interpreted with caution, given the small 

number of patients and that it has only been presented in abstract form.  Nonetheless, 

these two studies highlight the potential of targeting the PD-L1/PD-1 axis in the 

treatment of MCC.           

Efficacy of anti-PD-1 in MCC in the first line setting was evaluated in a phase II study 

of pembrolizumab in 26 patients with metastatic MCC (192).  In this study, the ORR 

was 56%, where 4/26 patients experienced a complete response and 10/26 patients had 

partial response.  The 6 month PFS was 67%.  17/26 (65%) had MCPyV+ tumours, and 

the response rate was 62% in patients with MCPyV+ tumours and 44% in those with 

MCPyV- tumours.  Grade 3 or 4 treatment related adverse events occurred in 15% of 

patients.  This study was then extended to include 24 additional patients with updated 

follow-up confirming durable clinical benefit, with ORR of 56%, CR of 24%, PR of 

32%.  The median PFS in in this expanded cohort was 16.8 months, with a 24-month 

PFS rate of 48% and 24-month OS of 69%.  The viral status and PD-L1 status did not 

correlate with ORR, PFS or OS (210).  A study of avelumab in the first line setting 

(JAVELIN200 Part B) also showed similarly encouraging results (193).  The pre-

planned interim results of this study of 119 patients showed an ORR of 62%, with 
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durable response of 83% in responding patients (193).  Grade 3 toxicity was observed in 

20% of patients, with no grade 4 toxicity observed.  Investigations are already underway 

to evaluate antiPD-1 agents earlier in the disease course, such as the adjuvant 

(ClinicalTrials.gov Identifier NCT02196961) and neo-adjuvant setting (211).      

Cutaneous squamous cell carcinoma (cSCC) 

The epidemiological data for non-melanoma skin cancer (NMSC) are limited as these 

diagnoses are not captured in many cancer registries.  CSCC accounts for 20% of 

NMSC and is the second most common type of NMSC after basal cell carcinoma (10).  

The age-standardised incidence of cSCC was estimated to be 387 cases per 100,000 in 

Australia based on survey data (10), whereas the incidence in NZ was been reported as 

high as 425 per 100,000 in some regions (212).  Risk factors for cSCC development 

includes advanced age, chronic sun exposure and immunosuppression (213).  Most 

cases of NMSC present in early stage disease and are associated with excellent survival 

with surgical treatment alone.  Nonetheless, NMSC remains a significant burden on the 

healthcare system and accounted for the most common cancer related hospitalisations 

(25%) in 2016-2017 in Australia (9).    

Metastatic cSCC has a poor prognosis measured in months, with few systemic options.  

Cytotoxic chemotherapies have been studied in small, non-randomised studies with 

heterogeneous patient populations though some responses were noted (214, 215).  Two 

prospective phase II studies evaluated retinoids in combination with IFNα in 

unresectable cSCC and noted a response rate of approximately 20% in patients with 

metastatic disease (216, 217).  Cemiplimab, an anti-PD-1 monoclonal antibody was 

evaluated in a prospective phase I/II study in immunocompetent patients with locally 

advanced or metastatic cSCC (218).  An objective response was observed in 13 of 26 

(50%) patients in the phase I cohort, and 28 of 59 (47%) patients in the phase II cohort.  

The median duration of follow up was short at 7.9 months, and the median PFS and OS 

were not reached.  The duration of response exceeded 6 months in the 57% of the 28 

patients with metastatic disease who responded.  Forty-two percent of patients 

experienced a grade 3 or greater toxicity during the study.  There were 11 deaths noted, 

with 3 deaths related to adverse events.  Other studies evaluating pembrolizumab and 

nivolumab in recurrent or metastatic cSCC are underway (NCT03284424 and 

NCT03834233 respectively).    
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Locally advanced cSCC is also associated with significant morbidity and poor survival 

(219).  Patients are often treated with repeated surgical procedures associated with 

significant morbidity.  Systemic options are also limited, with EGFR inhibitors being 

the most effective, albeit only with response rates of 10-30% and short duration of 

response of approximately 6 months in prospective studies (220-224).  More recently 

the use of cemiplimab in locally advanced cSCC was evaluated in a phase II study 

(225).  Complete responses were observed in 10 (13%) of 78 patients and partial 

responses were observed in 24 (31%) patients, with 58% of patients alive with no 

evidence of progression at 12 months.  Grade 3-4 toxicity was experienced by 47% of 

patients with one case of treatment-related aspiration pneumonia reported.  

Approximately 60% of patients in this study had pre-treatment tissue available for 

exploratory biomarker analysis, and responses were observed regardless of PD-L1 

Tumour Proportion Score (PD-L1 TPS) expression or tumour mutation burden (225).   

As with melanoma and MCC, there is interest in evaluating the role of ICI in early high 

risk cSCC.  Phase III clinical trials evaluating cemiplimab and pembrolizumab as an 

adjuvant treatment after surgery and radiation therapy in patients with high-risk cSCC 

are also being undertaken but have yet to be reported (NCT03969004 and 

NCT03833167).   

Summary 

Over the past decade, ICI have proven to be highly efficacious not only in metastatic 

melanoma, but also in other non-melanoma skin cancers.  There is also emerging data 

about the efficacy of ICI in early stage disease, where adjuvant or neo-adjuvant 

therapies may result in improved cure rates in high risk loco-regional disease.  

Improving the understanding of the immune processes at play across skin cancers is 

crucial in the discovery of biomarkers that can aid rational therapeutic decision making 

for ICI.    
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1.2.4 ICI future directions 

Combination ICI 

Since 2006, there has been an explosion of immuno-oncology clinical trials with 2250 

clinical trials registered up until 2018 (226).  Seventy-six percent of these clinical trials 

are evaluating an anti-PD-1 or anti-PD-L1 based combination.   There is great interest in 

the investigation of ICI combinations given that the majority of patients do not respond 

to ICI monotherapy.  The studies combine anti-PD-1/anti-PD-L1 with several other 

agents, including inhibitors of other checkpoints, as well as chemotherapy, radiation, 

small molecular inhibitors and injectable vaccines.  Although combination 

immunotherapy may improve response rates, this may come at the cost of higher 

toxicity.  Improved understanding of predictors of response and mechanisms of 

resistance may help to personalise the type of immunotherapy that is required to gain 

durable benefits for individual patients, as well as avoiding futile and toxic treatments.    

ICI in early stage melanoma 

Given the success of ICI in metastatic melanoma, there is significant interest in 

introducing these agents earlier in the disease process, in an effort to improve the 

chance of cure.  Stage III melanoma is associated with a recurrence rate of 40-60%, and 

historic treatments such as adjuvant interferon alfa-2b or adjuvant pegylated interferon 

were associated with only marginal benefits despite significant toxicity (227, 228).  

Ipilimumab 10mg/kg was the first ICI to be evaluated against placebo in the EORTC 

18071 study (229).  While this study showed an improvement in recurrence-free and 

overall survival (HR 0.72) with ipilimumab compared to placebo, the treatment was 

toxic (41.6% grade 3/4 immune related adverse event) and associated with a treatment 

related death rate of 1%, hence limiting its uptake in clinical practice (229).  Two phase 

III clinical trials then evaluated anti-PD-1 agents in the adjuvant setting in 2017 (230).  

In the CHECKMATE 238 study, patients with Stage IIIB, IIIC or resected Stage IV 

melanoma were randomised to adjuvant nivolumab or ipilimumab (230).  Nivolumab 

was associated with improved relapse free survival and lower toxicity compared to 

ipilimumab (HR 0.65 relapse or death, p<0.001).  Grade 3 or 4 adverse events were 

experienced by14.4% of patients treated with nivolumab and 45.9% of patients treated 

with ipilimumab.  In the KEYNOTE-054 study, pembrolizumab showed an 

improvement in relapse free survival compared to placebo in patients with Stage IIIB or 
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IIIC melanoma (HR 0.57 relapse or death, p<0.001).  Grade 3 to 5 adverse events were 

observed in 14.7% of patients treated with  pembrolizumab, with one death related to 

pembrolizumab induced myositis (231).  Longer follow up of these studies is eagerly 

awaited to understand whether an improvement in relapse-free survival will be 

translated to an improvement in overall survival.  There are also other studies exploring 

the use of these therapies in stage II melanoma as well as the neo-adjuvant setting.  

Given the shift of therapy into adjuvant and neo-adjuvant setting, there is a need to 

further our understanding of the tumour immune microenvironment of early stage 

disease, particularly as ICI biomarker discovery to date has been focused largely on 

metastatic disease.   
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1.3 Biomarkers 

There is a great need for biomarkers to identify likely responders, given that only a 

subset of patients with metastatic melanoma respond to ICI, coupled with the possibility 

of severe immune-related toxicity and financial burden. A biomarker can be defined as 

“a characteristic that is objectively measured and evaluated as an indicator of normal 

biological processes, pathogenic processes, or pharmacologic responses to a therapeutic 

intervention” (232).  There are prognostic and predictive biomarkers, where prognostic 

biomarkers reflect the natural history of untreated patients with that characteristic, 

whereas predictive biomarkers identify the subpopulation of patients who will respond 

to a therapy (233).  An example of a prognostic marker is elevated lactate 

dehydrogenase (LDH), where the prognosis of patients with an elevated LDH is worse 

than that of patients with a normal LDH.  Hence the incorporation of LDH as part of the 

AJCC criteria for stage IV melanoma (25).    In contrast, BRAF mutations are a 

predictive marker, as patients whose tumour harbours BRAFV600 are likely to respond 

to BRAF targeted therapies, whereas patients without the BRAFV600 mutation do not 

generally respond.   

Despite intensive research over the past decade into possible predictive biomarkers for 

immunotherapy in advanced melanoma, very few have been adopted into clinical 

practice.  Biomarker discovery can entail a number of challenges including the technical 

challenges of biomarker testing, validation of biomarkers as well as their 

implementation, resulting in the low translation rate (0.1%) of biomarkers into clinical 

practice (234).  More comprehensive methods of characterising the patient’s immune 

status as well as the immune profile of the tumour microenvironment have been 

proposed but these biomarkers are yet to be incorporated into routine practice (Table 2) 

(235, 236).   The lack of standardization of biomarker measurements, the invasive 

nature of tumoural biopsies and the technology required, are some of the limitations.  

Below is a literature review of biomarkers for melanoma immunotherapy.  Since an 

immense amount of research has been published in the last decade, only seminal studies 

will be reviewed.  Table 1.3 shows a summary of the key biomarkers for anti-CTLA4 

and anti-PD-1.    
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1.3.1 Clinical biomarkers 

Clinical biomarkers are patient characteristics or basic laboratory tests already available 

in clinical practice, that can be prognostic or predictive of response to ICI.   Certain well 

recognised prognostic biomarkers are identified in patients with metastatic melanoma.  

The most important clinical factors are already incorporated into the AJCC staging 

criteria, including stage of disease at diagnosis with its division into metastatic 

substages (i.e. different sites of metastatic involvement), as well as presence of elevated 

baseline LDH (25).  Some basic laboratory tests have also been associated with 

responses or improved responses to ICI.  This first section on biomarkers will 

summarise the clinical characteristics and routine blood tests that are available in 

clinical practice.      

Sites of metastatic involvement 

As mentioned previously, the specific sites of metastatic involvement have different 

prognostic significance as described by the AJCC criteria (11, 25).  Of the metastatic 

sites, cutaneous and nodal metastases have the best prognosis, followed by lung, then 

non-pulmonary metastases.  Central nervous systemic metastases with involvement of 

brain or leptomeningeal have the worse prognosis.   

Some studies have analysed the specific sites of metastatic involvement and their 

prognostic significance after ICI.  Recently, a retrospective analysis of the 5 year 

survival data for the phase 1 study of nivolumab in patients with metastatic melanoma 

(107 patients, 39.6% of study), metastatic non-small cell lung cancer (129 patients, 

47.8%), and metastatic renal cancer (34 patients, 12.6%) was published (237).  This 

study found that patients with liver and bone involvement were both associated with a 

lower likelihood of 5 year survival: odds ratio (OR) 0.31, p = 0.02 and OR 0.31,  

p = 0.04 respectively, whereas good patient baseline performance status (ECOG 0) was 

associated with higher likelihood of survival, OR 2.74, p = 0 .003.  The presence of liver 

metastases in patients with melanoma was evaluated in further detail in another large 

retrospective analysis, where liver involvement was correlated with low tumoural CD8 

and poorer PFS (238).  This study included a discovery cohort of 223 patients treated in 

KEYNOTE-001 and a validation cohort of 113 patients treated in KEYNOTE-002, 

KEYNOTE-006 and expanded access programs (EAP), as well as a NSCLC 

comparison cohort. Within the melanoma cohort: female gender, elevated LDH, ECOG 
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> 0, and the presence of liver metastasis were significantly associated with outcome in 

multi-variate analysis. Liver metastasis was associated with reduced objective response 

rate and shortened PFS: ORR 30.6%; median PFS, 5.1 months in those with liver 

involvement, compared with patients without liver metastasis (ORR, 56.3%; median 

PFS, 20.1 months, p≤ 0.0001).  This finding was confirmed in the validation cohort (p= 

0.0006). The presence of liver metastasis significantly increased the likelihood of 

progression (OR, 1.852; p< 0.0001).  In a subset of biopsied patients (n = 62), liver 

metastasis was associated with reduced CD8+ T-cell density at the invasive tumour 

margin (patients with liver metastases, 547 ± 164.8; patients without liver 

metastases, 1,441 ± 250.7;  p< 0.016).  Similar findings have been shown in patients 

with BRAF mutated melanoma, where liver involvement was also associated with 

shorter PFS in a pooled analysis of 1365 patients treated with dacarbazine or BRAF and 

MEK inhibitors (239).  Therefore, liver involvement remains prognostic in the ICI and 

targeted therapies era, with its correlation with low tumoural CD8 providing a possible 

mechanism for low responses observed with ICI.        

Patients with CNS involvement have poor survival and have been largely excluded from 

the landmark randomised studies that have informed standard of care treatment in 

metastatic melanoma (172, 174, 176, 187, 240).  There have been phase II studies 

assessing anti-CTLA4 but response rates were low and survival was poor (241).  The 

evidence for anti-PD-1 in brain metastases was limited but retrospective series indicated 

that intracranial responses were observed in about 20% of patients (242).  More 

recently, specific studies addressing this challenging clinical scenario have been 

undertaken (3, 4).  An Australian multi-site randomised phase II study of combination 

nivolumab and ipilimumab compared to nivolumab monotherapy showed an impressive 

durable intracranial response rate of approximately 46% in the combination arm (3, 

243).  Similarly high responses were observed in another single arm phase II study of 

combination nivolumab and ipilimumab with intracranial response rate of 56% 

observed in small asymptomatic brain metastases (4).  In terms of targeted therapies, 

combination dabrafenib and trametinib has been evaluated in a multi-cohort study of 

both symptomatic and asymptomatic patients with BRAFV600 mutated brain 

metastases, with response rates of 44-59%; however, the response is less durable, 

approximating 4.5-8.3 months (244).  Overall, melanoma brain metastases remain a 
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distinctly challenging clinical scenario and require specific investigation into additional 

biomarkers with ICI in CNS disease.      

Lactate Dehydrogenase (LDH)  

LDH is an established prognostic factor in melanoma and is incorporated into the AJCC 

staging criteria (11, 25, 245, 246).  Studies have also evaluated the prognostic 

significance of LDH in the era of ICI, and it remains prognostic in retrospective studies 

of anti-CTLA4 (247, 248).  More recently, a large retrospective pooled analysis of 359 

patients in EAP, KEYNOTE-001,  KEYNOTE-002, KEYNOTE-006 found that LDH 

remained independently prognostic of OS in a model of high relative lymphocyte count, 

high relative eosinophil count and those with lung metastases as the only site of 

metastatic involvement (248).  In this study, a discovery cohort of 177 patients was used 

to optimise the cut-point for continuous variables. Significant negative correlations with 

OS were observed for a high LDH ratio compared to upper limit of normal (ULN) (p< 

0.001), high leucocyte count (p<0.02) and high absolute and relative neutrophil counts 

(both p<0.001). Significant positive correlations with OS were observed for high 

absolute (p<0.02) and relative (p<0.001) eosinophil counts, high absolute (p<0.002) and 

relative (p<0.001) lymphocyte counts, and high relative basophil counts (p<0.001).  A 

confirmatory cohort of 182 patients showed 9 factors remained significant: LDH ratio 

<1.7 ULN versus >1.7 ULN, and LDH <2.5 ULN versus >2.5 ULN, absolute leucocyte 

count < 0.05. However, patients with unresectable stage III disease, or metastases 

located to distant lymph nodes/soft tissue or lung had significantly longer OS as 

compared with patients with other visceral metastases in the discovery and confirmation 

cohorts (both p<0.001).  In a multivariate model, only 4 factors remained significant: 

LDH>2.5 ULN (HR 2.5; p<0.001), relative lymphocyte count 17.5% (HR 1.9; p< 

0.001), relative eosinophil count 1.5% (HR 2.2; p<0.001), and no involvement of 

visceral metastasis other than lung (HR 2.5; p<0.001).  These four factors were 

independently associated with longer OS.   

Elevated LDH has also been associated with lower likelihood of response to MAPK 

targeted therapy.  Pooled analyses of clinical characteristics of patients treated with 

dabrafenib and trametinib or vemurafenib and cobimetinib have found that elevated 

LDH is associated with short PFS and OS (249, 250).  Again, LDH >2.5xULN was 

associated with the worst survival after these therapies (249).  LDH appears to remain 

strongly prognostic after ICI or MAPK targeted therapies.        
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Performance status 

Performance status is a functional summation of a patient’s fitness, and has long been 

recognised to be prognostic in patients with metastatic disease across many cancer types 

including melanoma (251, 252).  Patients with poor performance status are generally 

excluded from the clinical trials that establish the standard of care treatments.  Cytotoxic 

chemotherapy in patients with poor baseline performance status is associated with low 

response rate, high toxicity and short survival (251, 253).  As a result, the American 

Society of Clinical Oncology has recognised avoidance of treatment of patients with 

poor performance status (Eastern Cooperative Oncology Group Performance Status, 

ECOG PS, >3, defined as capable of only limited self-care, confined to bed or chair 

more than 50% of waking hours) (254) as a one of the top 5 priorities of their value 

directed ‘choosing wisely’ campaign (255).  Molecularly targeted therapies are the 

exception to this recommendation,  having a mechanism of action distinct from 

traditional cytotoxic therapies; they are able to induce tumour response and clinical 

benefit even in patients with poor performance status, such as the case in molecularly 

driven lung cancer (255, 256).  A similar case could be argued for the use of MAPK 

targeted therapy, where the predictive mutation is known, and the likelihood of response 

is high and rapid (88, 257, 258).  Despite this, there is recent data to suggest that 

patients with poorer performance status are less likely to respond, even to targeted 

therapy (250).  In a pooled analysis of BRIM-2, BRIM-3, BRIM-7 and coBRIM clinical 

trials of vemurafenib and cobimetinib, ECOG performance status >0, along with high 

baseline LDH (greater than twice the ULN), and sum of longest diameter of target 

lesions (>44mm) were associated with poorer overall survival.   

It was not known whether performance status would still remain prognostic or 

predictive for new immunotherapies, given their novel mechanism of action compared 

with conventional cytotoxic therapies as well as their lower toxicity (187).  Diem and 

colleagues showed that patient performance status, LDH and the number of organs 

involved remain independently prognostic, in their retrospective review of 134 patients 

treated with ipilimumab (247).  Aforementioned recent pooled analyses of anti-PD-1 

studies also showed poorer survival in patients with ECOG>0, but these analyses were 

either performed in mixed cohorts with multiple cancer types or involved patients in 

clinical trials or expanded access programmes (237, 248).  Patients treated in clinical 

practice are likely to have even lower performance status (i.e. ECOG>2); the palliative 
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care needs of these patients remain largely unexamined.  Our published manuscript as 

part of this PhD addressed these issues and will be examined in detail in Chapter 3 

(259).     

Immune related adverse events (IrAE) 

Approximately 15-20% of patients treated with anti-CTLA4 experience a grade 3 or 4 

IrAE, whereas this affects approximately 10-15% of patients treated with anti-PD-1.  

There is limited data on predictors for the development of IrAE.  Retrospective analysis 

of a mixed cohort of 78 patients with metastatic melanoma, lung, renal cancer treated 

with ipilimumab, pembrolizumab or nivolumab found that male sex, history of 

autoimmunity or IrAE with previous ipilimumab, stage 3-4 renal impairment, and lack 

of steroid use were associated with a higher likelihood of IrAE (260).  Importantly for 

clinical practice, discontinuation for treatment toxicity in the clinical trials did not 

appear to reduce the effectiveness of the combination ICI treatment (261).     

Some studies have associated the development of an IrAE with improved outcome 

following ICI.  In the aforementioned post hoc analysis of the phase 1 study of patients 

with melanoma, lung and renal cancer treated with nivolumab (237): IrAE of any grade 

was associated with longer OS at 5 years (median OS 19.8 months) or grade 3 or more 

(median OS 20.3 months) compared with those without IrAE (median 5.8 months).  

There are also retrospective series that have reported improved PFS and OS after ICI 

associated with IrAE, particularly rash and vitiligo (262-264).  Some of these 

retrospective studies are limited in their statistical methodology, since responding 

patients remain on treatment longer and therefore show a higher rate of IrAE when 

compared to non-responding patients, who stop the treatment after a short period due to 

disease progression or death.  Another challenge of this clinical biomarker is that 

patients develop these immune related side effects after treatment initiation and 

therefore cannot be used as a predictor of treatment response a priori.   However, given 

the uncertainty of the optimal duration of therapy, there may be merit in establishing on-

therapy biomarkers of patients who are likely to derive long term benefit so that the 

duration of treatment can be minimised for likely responders.   

Basic laboratory tests 

In addition to LDH, several studies have evaluated methods of profiling the immune 

system using basic laboratory tests in clinical practice, including lymphocyte subsets.  
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In terms of anti-CTLA4, higher response and improved survival have been observed 

with high baseline lymphocyte count (265, 266), eosinophilia (267), low monocyte 

count (266).  Poor response has been observed in patients with high neutrophil to 

lymphocyte (NLR) ratio, with NLR>5 being prognostic in a number of studies (268-

270).  Some dynamic blood parameters have been associated with response to anti-

CTLA4 and improved survival, such as reduction of neutrophil to lymphocyte 

ratio(271).  In patients treated with anti-PD-1, relative lymphocyte count, relative 

eosinophil count and neutrophil-to-lymphocyte ratio and C-reactive protein (CRP) have 

been correlated with survival in retrospective analyses (270, 272, 273).   

Disease burden 

Pre-treatment tumour assessment in clinical practice is routinely performed using 

computerised tomography, and criteria have been established for tumour response 

assessment so that comparison can be used across clinical trials.  This allows the 

quantification of a patient’s disease burden, as well as the specific organ of metastatic 

involvement as mentioned previously.  A retrospective analysis of patients treated with 

pembrolizumab as part of the phase 1 study KEYNOTE-001 showed that baseline 

tumour size (BTS) > 10.2cm was independently associated negatively with OS (274).  

In this study, BTS was quantified as the sum of longest dimensions of all measurable 

baseline target lesions using RECIST version 1.1 (i.e. with maximum of 5 measurable 

lesions in total, and 2 lesions per organ).  In univariate analyses, low BTS <10.2cm was 

associated with improved overall survival (HR 0.38, p<0.001) and higher objective 

response rate (44% v 23%, p<0.001).   In multivariable analyses, BTS remained 

independently associated with overall survival, but not with objective response rate.  

High BTS was also associated with Eastern Cooperative Oncology Group performance 

status 1, elevated LDH, stage M1c disease, and liver metastases (all p<0.001).  Other 

studies have used different thresholds for continuous variables such as BTS, but higher 

disease burden has been consistently associated with poorer survival (159).  Huang et al. 

went on to assess the relative ratio of exhausted T cells post therapy in relation to 

tumour burden and found this to be associated with survival, albeit in a small cohort 

(159).  Other functional imaging such as positron emission tomography and its 

prognostic significance will be covered in detail in a Chapter 5.     

High tumour burden on CT has been associated with poor survival after treatment with 

anti-PD-1.  Baseline tumour size (BTS) was independently associated with overall 
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survival in 583 patients with metastatic melanoma treated in the phase 1 study of 

pembrolizumab (KEYNOTE001).  In this study, BTS was measured by adding the sum 

of the longest dimensions of all measurable lesions on baseline target lesions CT scans.  

Imaging assessment of metastatic disease is paramount not only to document the site of 

metastatic involvement but also provide an assessment of tumour burden.  The 

following section will review the role of functional imaging in advanced melanoma and 

the potential functional imaging biomarkers in relation to ICI treatments.    

1.3.2 Functional imaging biomarkers  

Functional imaging with modalities such as 2-deoxy-2-[fluorine-18] fluoro-D-glucose 

positron emission tomography (FDG PET) provides not only accurate staging but 

potentially a source of biomarkers for melanoma immunotherapy.  Given the rise of 

PET as a standard clinical imaging modality in staging and surveillance of melanoma, it 

is important to evaluate PET as a possible source of biomarkers in advanced melanoma.  

Firstly the prognostic significance of PET parameters in melanoma will be explored, 

followed by an exploration of these PET parameters in relation to melanoma treatment.   

Standardised Uptake Value (SUV) is a semi-quantitative measure of FDG uptake and, 

consequently, glucose utilisation within a specified region of interest.  SUVmax, the 

maximum SUV within a tumour, has been shown to be highly prognostic in a number of 

cancer types, including melanoma, non-small cell lung cancer, cervical cancer, and 

renal carcinoma (275-277).  However, the absolute SUVmax threshold for significance 

varied depending on the tumour type, and not all of the studies have been externally 

validated.  High SUVmean was associated with shorter disease-free survival in patients 

with Stage IIIB melanoma (278).  There are limited data about the prognostic value of 

SUVmax or SUVmean on baseline scans prior to melanoma treatment for metastatic 

disease.  In a retrospective series presented in abstract form, 23 patients with tumoural 

SUVmax>9.44 on pre-treatment 18F FDG PET/CT was associated with tumour 

progression within six months after treatment with an anti-PD-1 monoclonal antibody 

(279). 

As mentioned previously, high baseline tumour size as measured by CT is associated 

with poor OS in patients who received pembrolizumab in the KEYNOTE-001 

study(274).  It is hypothesised that metabolic tumour volume (MTV) on FDG PET/CT 

may be a more representative assessment of metabolically active burden of disease than 
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BTS as measured by CT.  Measurable disease as quantified by CT using criteria such as 

RECIST 1.1 underestimates the burden of disease as it encompasses a maximum of only 

5 measurable lesions at baseline (280).  Furthermore, lymph nodes are measurable only 

if the short diameter is greater than 15mm and bone lesions are excluded in these 

criteria.  Hence, FDG PET is more able to quantitate the full extent of disease burden 

when parameters such as total lesion glycolysis (TLG) and MTV are used (281).  TLG 

is a composite measurement of FDG avidity multiplied by the entire volume of disease 

whereas MTV is only the volume of metabolic avid tumour above a set threshold (281, 

282).  Lastly, FDG PET/CT provides information about the glucose uptake, and 

therefore the metabolic and cellular activity of the tumour load can be evaluated, in 

addition to the assessment of disease volume.   

MTV has been associated with prognosis in a number of studies across tumour types 

including melanoma (283, 284).    In a pre-operative series of 41 patients with early 

stage disease, MTV was associated with short disease free survival and poor melanoma 

specific survival (277).   MTV was evaluated in a study of 35 patients with metastatic 

melanoma treated with BRAF and MEK inhibition combination in the phase 1b clinical 

trial (BRIM7).  Low MTV (<47.5ml) was associated with improved overall survival 

after BRAF targeted therapy (HR 0.14, p=0.03) (285).   

Lastly, an often-overlooked use of this functional imaging modality is the use of FDG 

PET to evaluate the patient’s immune status or immune response to the tumour.  There 

are normal physiologically conserved SUV ratios within the lymphatic and 

endoreticular system, and these can be altered in an inflammatory state.  For example, 

the spleen to liver SUV ratio is conserved, where the liver is normally of higher avidity 

than the spleen; however, the reverse is true in inflammatory states or after GCSF 

injections (286-289).  The significance of spleen to liver ratio has also been studied in 

pancreatic and cholangiocarcinoma (286-288) but not in melanoma.  High splenic 

avidity in pancreatic cancer and cholangiocarcinoma was found to be associated with 

poor survival and markers of inflammation.   

In relation to melanoma immunotherapy, splenic avidity on PET was evaluated in 10 

patients treated with tremelimumab, an anti-CTLA4 monoclonal antibody (290).  

Patients had matched 18F FDG and 18F fluorothymidine (FLT) PET scans at baseline 

and again after a median of 2 months after tremelimumab treatment.  FLT is an 
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analogue of thymidine and 18F FLT PET provides a functional assessment of cellular 

proliferation.  Splenic avidity was low in baseline FDG PETs and did not change 

significantly post treatment.  Interestingly, there was a significant increase in splenic 

FLT uptake (both splenic SUVmean and splenic SUVmax).  This increase in splenic 

avidity was not correlated with objective response to therapy.  Tremelimumab is not 

used in clinical practice as monotherapy for melanoma as it failed to demonstrate an 

overall survival benefit in randomised studies (291).  However, this interesting 

translational PET study showed the potential of non-invasive imaging of the immune 

system in relation to melanoma immunotherapy (290).  Further evaluation of splenic 

avidity in treatments used in clinical practice, in relation to treatments such as 

ipilimumab or anti-PD-1 agents, is warranted because it may provide a surrogate for the 

host immune state and potential biomarker.    

Understanding how PET imaging correlates with host immune factors and with the 

intratumoural microenvironment may also provide insights into the biology of 

immunotherapy and identify novel biomarkers predictive of clinical response. 

1.3.3 Biological biomarkers 

Identification of responders from poor responders to immunotherapy has to date been 

partially limited by the inability to fully characterize the immune landscape of the 

tumour microenvironment.  Novel techniques have gone beyond clinical characteristic 

and basic laboratory tests, not only identifying likely responders, but also going on to 

describe some of the resistance mechanisms for ICI.  Comprehensive examination of the 

tumour and the patient’s blood or stool can provide biomarkers complementary to 

clinical characteristics and functional imaging as previously reviewed.         

Tumoural immune profiling 

 

Several studies have shown that immune infiltrate into the tumour is prognostic of 

survival in the metastatic setting (33, 292).  The presence of intratumoural T cells in 

pre-treatment biopsies are associated with response to anti-CTLA4 (293).  Dynamic 

changes within the tumour are also observed with anti-CTLA4 responsiveness, 

including increase in TILs, increased CD4 T cells/Treg ratio(145, 294), as well as 

increase in tumoural Granzyme B+ lymphocyte, high FOXP3 and high IDO expression 
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after treatment (293).  Immunosuppressive immune subsets such as macrophages have 

also been associated with poor outcome following anti-PD-1 treatment (295).   

In a landmark paper, Tumeh and colleagues showed that the presence of cytotoxic T 

cells in the invasive margin and within the tumour were predictive of tumour response 

to anti-PD-1 in melanoma (296).  However, this study did not explore the presence or 

spatial relationships of inhibitory immune cells such as macrophages, T regulatory cells, 

myeloid derived suppressor cells or B cells in relation to effector T cells. Some 

classifications have proposed to using PD-L1 expression and presence of T cells as a 

framework for classifying tumours in a more nuanced fashion, beyond the commonly 

used terms of ‘hot’/‘inflamed’ tumour, in reference to a tumour with pre-existing T cells 

and high PD-L1 expression; this as opposed to referring to tumours that do not have a 

pre-existing population of T cells as ‘cold’ (297, 298).  While these frameworks provide 

a more rational stratification of cancers, greater in-depth knowledge of the underlying 

mechanisms of immunosuppression is required to provide rational therapeutic 

strategies. 

Furthermore, subsequent studies have suggested that on-treatment biopsies are more 

predictive of response than are pre-treatment biopsies.  A longitudinal study of patients 

with melanoma treated with anti-CTLA4 or anti-PD-1 found that while baseline CD3 

and CD8 levels were slightly higher in responders, levels of CD3, CD4, CD8, and T-

cell activation markers such as PD-1, PD-L1 and LAG3 were significantly higher after 

2-3 doses of anti-PD-1 in responders compared to non-responders (299).   These authors 

did not find any difference in levels of immunosuppressive CD68+ myeloid subsets in 

non-responders compared to non-responders for anti-CTLA4 or anti-PD-1.  Other 

studies have also found a change in the phenotype of T cells in responders to nivolumab 

monotherapy (n=107) or combination nivolumab and ipilimumab (n=86) (300), with 

higher levels of HLA-DR, and activation markers such as ICOS and/or Ki67 expressed 

on CD4 and CD8 cells.   

Tumoural PD-L1 expression  

 

Given that anti-PD-1 and anti-PD-L1 monoclonal antibodies work by inhibiting these 

immune checkpoints, tumoural PD-L1 expression on immunohistochemistry (IHC) 

assays is a logical candidate biomarker to explore.  Early studies showed that tumours 
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expressing the immune-suppressive molecule of B7-H1 (PD-L1) were highly associated 

with tumour infiltrating lymphocytes and IFN-γ, indicating a host response to 

inflammation within the tumour microenvironment(138).  This study also found that 

tumoural PD-L1 expression in patients with metastatic melanoma (n=56) was 

significantly associated with improved overall survival compared to those with PD-L1 

negative tumours, whereas this relationship was not found in primary melanoma (n=43).   

PD-L1 expression by IHC has been examined in multiple clinical trials of patients 

treated with anti-PD-1 or anti-PD-L1 ICI, but the association of PD-L1 expression with 

outcome has been variable.  Forty-two of the 296 patients treated in the phase 1 study of 

nivolumab had tumoural samples evaluable for PD-L1 staining (301).  PD-L1 positivity 

was defined as greater than 5% of tumour cells expressing the staining using the murine 

PD-L1 monoclonal antibody 5H1 (301).  Thirty-six percent of the 25 patients with a 

PD-L1 positive tumour experienced an objective response to nivolumab.  None of the 

17 patients with PD-L1 negative tumours had a response.  Multiple clinical trials across 

a range of cancer types have also shown that PD-L1 expression can enrich for 

responders to anti-PD-1 and anti-PD-L1 monoclonal antibodies, however, tumour 

responses have been observed in patients with PD-L1 negative tumour (302-306).  

Some studies have not shown a correlation between PD-L1 and anti-PD-1 response, 

particularly in two renal cancer studies (307-309).   

One of the many challenges of implementing PD-L1 as a predictive biomarker in 

clinical practice is that the IHC assays used, and the thresholds for significance have 

varied between the different clinical trials.  Different companies used different assays 

for their drug development: clone 22C3 was used for pembrolizumab, 28-8 for 

nivolumab, SP142 for atezolizumab and SP263 for durvalumab.  Furthermore, 

assessment of SP142 has also included PD-L1 expression on immune cells, in addition 

to tumoural PD-L1 expression as was the case for the other three assays.  The different 

studies also used different thresholds for significance, depending on the percentage of 

cells expressing PD-L1.  The Blueprint PD-L1 IHC Assay Comparison Study compared 

these four assays in 30 lung cancer cases treated in a phase 1 trial (310).  This study 

showed that three assays revealed comparable staining: 22C3, 28-8 and SP263, whereas 

SP142 was an outlier with lower staining in tumour cells.  In this study, about a third of 

cases would be classified differently depending on the different assays used.  Separate 

studies have confirmed SP142 as an outlier compared to other assays in lung cancer 
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particularly with lower expression on tumour cells, but not immune cells(311).  In a 

customised, laboratory-developed study of 34 melanoma samples, 5 assays were 

assessed: 5H1, 22C3, 28-8, SP263 and SP142.  Interestingly, this study found all 5 

assays were concordant, and the few discordant cases were due to focal heterogeneity of 

PD-L1 expression across the tumour section(138, 312).  This raises the importance of 

technical aspects of the assay optimisation including factors such as primary antigen 

retrieval, primary antibody concentration, antigen retrieval, amplification, or signal 

development (312).  

PD-L1 expression has been examined in the seminal phase III studies for anti-PD-1 in 

advanced melanoma.  In CHECKMATE-037 of previously treated patients, PD-L1 

testing was positive in 49.7% of patients using the cut-off of 5% of tumour cells 

positively stained with the 28-8 assay (187).  Pre-planned subgroup analyses in this 

study showed that PD-L1 positive tumours were associated with a higher response rate 

compared with PD-L1 negative tumours when treated with second line nivolumab(ORR 

43.6% vs 20.3% respectively).  In the CHECKMATE-066 study of first line nivolumab, 

PD-L1 was positive in 35.4% of patients (172).  However, Nivolumab was superior to 

DTIC chemotherapy regardless of PD-L1 expression.  The studies with pembrolizumab 

in melanoma used a different assay and a different cut off, with PD-L1 positivity 

defined as PD-L1 staining in >1% of tumour cells using the 22C3 antibody (174).  In 

KEYNOTE-006, 80.5% patients had PD-L1 positive samples using this threshold.   In 

this study, pembrolizumab was superior to ipilimumab regardless of PD-L1 expression.  

Both of these studies showed that response rates were higher in PD-L1 positive tumours 

compared with PD-L1 negative tumours, but responses were still observed in PD-L1 

negative tumours, which is in contrast to the original findings of the phase 1 study of 

nivolumab (301).  Hence, patients cannot be excluded from treatment due to tumoural 

PD-L1 negativity, as responses are still observed, albeit at a lower likelihood. 

The CHECKMATE-067 study of combination nivolumab and ipilimumab attempted to 

explore the optimal threshold for PD-L1 staining, with pre-specified analyses to assess 

efficacy at 1%, 5% and 10% (176). Using the 28-8 assay, 23.6% of the study population 

was deemed PD-L1 positive, using a cut-off at 5% IHC expression on tumour cells.  In 

this study, combination of nivolumab and ipilimumab was superior to either 

monotherapy within the study population (176).  The most discriminatory PD-L1 

threshold appeared to be 1%, where the combination had improved OS in the low PD-
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L1 group (combination vs nivolumab HR 0.68 in patients with PD-L1<1%), whereas 

the combination was associated with a similar OS to nivolumab monotherapy in PD-

L1>1% (HR 0.98) (177).  The efficacy did not differ in the combination or monotherapy 

groups when the PD-L1 5% or PD-L1 10% thresholds were used.     

There are several other technical challenges with the use of PD-L1 IHC.  Firstly, there is 

spatial and temporal change of PD-L1 expression.  Multiple studies have demonstrated 

a discordance of PD-L1 staining in metastases within patients (313-315).    Longitudinal 

studies of matched primary and metastatic melanoma have also shown marked 

heterogeneity, with implications for use of archival tissue for PD-L1 testing for entry 

into clinical trials or treatment decision making (315).         

There is also an increasing recognition that PD-L1 expression is contextual and that 

whether the PD-L1 is expressed on tumour cells or on immune cells may be important 

for prognosis.   PD-L1 expression on non-tumour cells is well documented, with 

expression seen on lymphocytes as well as macrophages and dendritic cells (138, 157).  

In one study of patients treated with anti-PD-1 or anti-CTLA4 ICI, PD-L1 within the 

stromal compartment were found to be more highly correlated with improved survival 

compared to PD-L1 staining within intratumoural compartment (316).  Not surprisingly, 

PD-L1 was higher in both intratumoural and stromal compartments of responders (CR, 

PR) versus (SD, PD). The importance of PD-L1 expression on immune cells more 

specifically has been highlighted in different cancers and appears crucial to its 

mechanism of action (157, 304, 316-318).  Recent studies have also explored the 

different mechanisms by which PD-L1 on different cells can induce a tumour response 

in lung cancers (319).  Again this study showed that PD-L1 expression was more 

prevalent on immune cells and was associated with IFN induced adaptive regulation 

with higher T cells and effector T cells; whereas PD-L1 expression on tumour cells was 

associated with epigenetic dysregulation and was associated with poor immune 

infiltration, sclerotic or desmoplastic stroma, and mesenchymal features (319).  More 

precise characterisation of PD-L1 staining, and which immune cell types are co-

expressors of PD-L1 may lead to more rational therapeutic strategies.         

So far the proposed classification of tumour immune landscape involves stratification of 

tumours into ‘hot’/‘inflamed’ and ‘cold’/‘non-inflamed’ tumours depending on the 

presence of tumour infiltrating lymphocytes (TIL) and PD-L1 expression (297).  This is 
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an over-simplified stratification which also makes assumptions regarding the possible 

inhibitory cells or processes that might be present.  It therefore does not lend itself to 

rational selection of combination immunotherapy for those harbouring a ‘non-inflamed’ 

tumour.   

Developments in genomic studies have also given further insights into the functional 

status of the immune system within the tumour.  More recently, mass cytometry has 

further characterised immune subsets within the tumour.  Mass cytometry builds upon 

the success of flow cytometry and enables over 40 simultaneous parameters to be 

quantified by replacing fluorophores with mass tags (320).  It is thus possible to discern 

the identity and behaviour of numerous cell types from a single experiment (161, 320).  

Mass cytometry profiling of pre-treatment samples to combination ICI has also 

identified a memory T cell phenotype (EOMES+CD69+CD45RO+) in 19 patients (321).  

Even though this technique is extremely powerful in identifying immune subsets with 

in-depth characterisation of its functional states, orthogonal applications of 

immunohistochemistry are important so that the spatial relationships between immune 

cells are retained.   

Immunogenomics 

The activation of the immune system requires recognition of the tumour proteins by 

antigen presenting cells.  Therefore, the presentation of tumoural protein is crucial to the 

initiation of immune mediated killing and the effectiveness of ICI.  There are two broad 

categories of tumour proteins that can be recognised by the immune system: 1) non-

mutated self-antigens and 2) MHC class I restricted and MHC class II restricted 

neoantigens, which arise as a result of non-synonymous somatic mutations (322, 323).  

Non mutated self-antigens are proteins that are expressed on trophoblasts or male 

gametes, for instance cancer-testis antigens such as MAGEA and NYESO-1.  The 

MAGEA cancer antigen was recently shown to be associated with a poor response to 

anti-CTLA4 but not to anti-PD-1 (324).  Furthermore, the MAGE-A antigen was not 

associated with poor survival using the TCGA data; it is therefore a predictive 

biomarker but not a prognostic one.   

The primary targets of immunotherapy are tumour-specific neoantigen peptides that 

have arisen from somatic mutations within the cancer genome (325, 326).  Accordingly, 

some of the highest tumoural responses to ICI have been observed in cancers with a 

https://www-sciencedirect-com.ezp.lib.unimelb.edu.au/topics/biochemistry-genetics-and-molecular-biology/flow-cytometry
https://www-sciencedirect-com.ezp.lib.unimelb.edu.au/topics/biochemistry-genetics-and-molecular-biology/cd69
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high mutation burden such as melanoma and lung cancer (301, 327).  Tumour 

mutational burden (TMB) as a predictive biomarker has been evaluated in a number of 

different cancer types, and a meta-analysis has confirmed that high TMB is associated 

with higher rates of ICI response across 27 cancer types (328).   

In melanoma, high TMB is associated with anti-CTLA response (329, 330).  Snyder and 

colleagues were the first to propose a neoantigen tetra-peptide and high tumour burden 

as being associated with clinical benefit (i.e. response for greater than 6 months) to 

ipilimumab treatment in advanced melanoma (329).  An overall survival benefit was 

also seen in patients with TMB>100mutations.  Although the finding of the neoantigen 

tetra-peptide could not be replicated in other sample sets, the association between high 

TMB and response to anti-CTLA4 was again demonstrated in a second study (330).  

Interestingly, a study of matched pre/on-treatment samples in 68 patients with advanced 

melanoma treated with anti-PD-1 did not find an association between high TMB and 

response to anti-PD-1 in previously treated patients (331).  Rather, pre-treatment TMB 

was associated with OS only in ICI-naïve patients, whereas early on-treatment (4 

weeks) reduction in TMB was significantly associated with anti-PD-1 response and OS 

in patients regardless of prior ICI.  Although these findings are of interest, this dynamic 

biomarker requires on-treatment samples, rather than being discriminatory for response 

prior to treatment.  Furthermore, this study also highlights the importance of the 

influence of previous therapy on the tumour microenvironment, with significant 

implications for biomarker interpretation (331).   

The molecular subtype of melanoma does not appear to be associated with 

responsiveness to anti-PD-1 (331).  However, there are some specific mutations that 

have been found to be associated with innate or acquired resistance to ICI. PTEN loss 

has been associated with reduced T cell infiltration and reduced response to ICI in 

murine models and a cohort of 39 patients treated with anti-PD-1 (332).  On the other 

hand, recurrent mutations of SERPINB3 and SERPINB4, which encode protease 

inhibitors, appear to be predictive of prolonged survival after anti-CTLA4 therapy, but 

were not prognostic in the TCGA dataset (333).  This indicates that there are some 

mutations which are predictive of response to specific treatments, rather than prognostic 

in themselves.   
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Mutations within the interferon signalling machinery or pathways (JAK-STAT) have 

been identified as primary or acquired resistance mechanisms for both anti-CTLA4 and 

anti-PD-1 (334-336).  B2M mutations were also identified with resultant impairment of 

antigen presentation via MHC I (335).  HLA heterozygosity has also recently been 

recognised as having a significant role in the responsiveness to ICI, in that HLA-B44 

are associated with good survival after ICI, whereas HLA-B62 are associated with 

reduced responsiveness (337).  These studies identified not only potential biomarkers 

but also highlight the mechanism of resistance that need to be overcome in order to 

achieve an adequate anti-tumour response.                   

The use of publicly available genomic datasets across tumour types such as the TCGA 

has enabled the implementation of correlative studies which attempt to understand the 

contribution of insertion/deletion (Indel) mutations and somatic copy number alterations 

(SCNA) in relation to responsiveness to ICI across cancer types (338, 339).   Indel 

burden was associated with responsiveness to ICI but not survival (338).  Interestingly, 

SCNA was associated with lower response to anti-CTLA4 and poor survival (339) and 

has been validated in a separate study of patients treated with sequential anti-CTLA4 

and anti-PD-1 therapy (340).      

Transcriptomic studies using RNA sequencing have echoed the importance of the 

interferon pathway, with the IFN-γ related inflammatory Nanostring profile being 

associated with response to anti-PD-1 in clinical trials (341). This study was piloted on 

19 patients with melanoma treated with anti-PD-1 and thereafter validated on 220 

patients with other cancer types.  This ‘T-cell inflamed’ gene expression signature 

included genes related to antigen presentation, chemokine expression and cytotoxicity 

as well as adaptive immune resistance (341).  Gene expression profiling of paired pre- 

and post-treatment samples in a longitudinal study of patients treated with anti-CTLA4 

and anti-PD-1 also found that responders to anti-PD-1 had higher expression of genes 

related to cytolytic activity, antigen presentation and interferon signalling, with lower 

levels of VEGFA (299). Other groups have again evaluated transcriptomes in patients 

treated with anti-CTLA4 and found that responsive tumours tend to have a higher 

expression of memory T cells and proliferation gene expression (342), in addition to the 

IFN-γ and Th1 gene signatures (343) and expression of the CTLA-4 and PD-L2 (330).     
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Transcriptomic studies have also provided insights into some possible mechanisms of 

resistance to ICI (344).  Hugo and colleagues described an IPRES (innate resistance to 

PD-1) signature on bulk RNA sequencing data of 28 patients, which included genes 

associated with angiogenesis and mesenchymal transition.  However, these findings 

have not been able to be replicated in larger cohorts (331).  Most recently, 

transcriptomic studies performed on single cells, presented the ability to dissect the gene 

expression of particular cell types within the tumour microenvironment (i.e. separating 

out immune cells from tumour and stromal cells).  Two groups performed single cell 

transcriptomic studies on melanoma cohorts and found that resistant tumours had a T 

cell exclusion program which was reversible by CDK4/6 inhibitors in murine models, 

whereas responsive tumours had a TCF+CD8+ immune population (345, 346).  

Orthogonal study of the tumour samples using multiple novel technologies could reveal 

the genomic landscape of immune related genes, in terms of its activation, trafficking, 

antigen presentation and metabolism.  These immune-profiling techniques can also be 

used to characterise immune cellular subsets within melanoma and potentially identify 

immunological biomarkers for immunotherapy.   

Peripheral blood biomarkers 

A major limitation of tumoural immunoprofiling is the need for invasive biopsies, 

which can be painful and cause complications which add to patient morbidity.  Hence 

peripheral blood based biomarker testing is a relatively non-invasive procedure that may 

be more appropriate for repeated sampling, especially if on-treatment samples are more 

predictive of response (331).   

Comprehensive profiling of immune subsets within peripheral blood has revealed some 

immune cellular subsets associated with response to ICI.  For anti-CTLA4, several 

studies have shown that low baseline or a decrease in myeloid derived suppressor cells 

have been associated with benefit after ipilimumab (153, 266, 347-349). The evidence 

on regulatory T cells (Treg) is more conflicting, with some studies reporting a high 

peripheral Treg subset or an increase being associated with benefit after neoadjuvant 

ipilimumab (266, 347).  ICOS is a co-stimulatory receptor expressed on the surface of T 

cells after activation; a persistent increase of  peripheral CD4+ICOShi T cells has been 

associated with survival after ipilimumab (146).  For anti-PD-1, an increase in 
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Ki67+PD-1+CD8 cells has been associated with response, especially relative to a 

reduction in tumour burden (159).     

Blood based genomic analyses have also gained traction over the past few years as a 

predictive biomarker.  Groups have assessed the sequencing of blood-derived cell free 

DNA to determine relative TMB with a targeted next generation sequencing gene panel, 

or have followed known single mutations such as BRAF, NRAS or TERT 

longitudinally in the case of cutaneous melanoma(350, 351).  Retrospective analysis of 

2 large randomised studies of anti-PD-L1 in lung cancer has correlated TMB as 

assessed in cfDNA with overall survival (350).   

Several studies have evaluated the role of tracking circulating tumour DNA (ctDNA) in 

the setting of targeted therapy in metastatic melanoma (352-354).  These studies show 

that an early fall in ctDNA levels is prognostic of long-term response, and that ctDNA 

can be used to monitor for acquired resistance.  The role of ctDNA monitoring has also 

been evaluated in patients treated with anti-PD-1 (355-357).  One study of 76 patients 

found that low baseline or decreased ctDNA levels after therapy were associated with 

anti-PD-1 response when compared to patients with persistently high levels of ctDNA 

(ORR 72%, 77% and 6% respectively) (355).  CtDNA response was also independently 

associated with overall survival in a multivariable model considering LDH, tumour 

stage, performance status and disease volume.  The utility of ctDNA in identifying 

patients with pseudo-progression after anti-PD-1 was also examined in 129 patients, 9 

of whom experienced pseudo-progression (356).  In patients with pseudo-progression, 

ctDNA levels reduced despite progression by CT assessment.  The sensitivity of ctDNA 

at 12 weeks for predicting pseudo-progression was 90% and specificity was 100%.  

However, the application of these results is limited at the present time, as ctDNA level 

was detectable in only 70% of patients with a known mutation; indicating that there is 

still a need for complementary methods of biomarker monitoring (355, 356).                

 

There has been limited success with the use of cytokines in the peripheral blood as a 

predictive biomarker.  Clinical benefit with anti-PD-1 in one study was associated with 

lower pre-treatment levels of IFNγ (p=0.04), IL-1β (p<0.01), Fractalkine (p=0.02) (159) 

but these findings have not been consistently reported(358).  Instead, this second study 

found no correlation between 65 cytokines and outcome after ICI, but a predictive score 

using cytokines was identified.  The CYTOX score of 11 cytokines was found to be 
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upregulated in patients treated with anti-PD-1 monotherapy or combination anti-CTLA4 

and anti-PD-1 (358).   

Faecal biomarkers 

The significance of the microbiome to prognosis and prediction of response to ICI is 

increasingly recognised.  Preclinical models have shown that tumour responses after 

anti-PD-L1 are enhanced by Bifidobacterium spp and that anti-CTLA4 responses were 

enhanced by Bacteroides spp (359, 360).  Baseline faecal samples in patients have also 

confirmed the importance of faecal microbiota diversity and composition (147).  In the 

first study, 26 patients’ faecal samples were analysed longitudinally, showing that 

baseline Faecalibacterium and other Firmicutes are associated with improved PFS after 

ipilimumab, but also higher frequency of ipilimumab-induced colitis (147).  More 

comprehensive profiling of baseline faecal samples also showed that responders had 

more Bifidobacterium longum, Collinsella aerofaciens, and Enterococcus faecium than 

did non-responders.  Interestingly, this study went on to show that oral administration of 

faecal matter from responding patients into germ-free mice was able to improve anti-

PD-1 treatment with enhanced T cell killing (361). The third study showed that 

responders to anti-PD-1 had a more diverse microbiome with more  Ruminococcaceae 

family, leading to an immune-reactive environment and lower levels of 

proinflammatory cytokines (362). These three studies used different profiling and 

analysis methods, which may have led to the identification of different bacterial species 

in relation to response.  Nonetheless, the importance of examining the microbiome in 

the context of ICI has been highlighted.  Correspondingly, multiple retrospective studies 

have also correlated poor response and poor survival in patients receiving antibiotics 

after ICI (363-365).  Given all of these intriguing observations, there are now clinical 

studies evaluating dietary modifications and their impact on ICI across multiple cancer 

types, as well as faecal transplant studies for patients with melanoma who are resistant 

to therapy (NCT03817125, NCT03772899, NCT03353402).    
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Table 1.3. Blood, tumoural and faecal biomarkers for anti-CTLA4 
and anti-PD-1 treatments for advanced melanoma, adapted from 
Manson et al (235) 

 
 Good Response Poor response Toxicity 

Anti-

CTLA4 

B
lo

od
 

 - High baseline lymphocytes* (266, 366) and 

increase after treatment(265, 367) 

 - Decreased neutrophil: lymphocyte ratio on 

treatment*(271) 

 - Low baseline Eosinophil* and increase after 

treatment (contradictory data)(367, 368); high 

eosinophil good survival(266) 

 - High baseline CD16+ monocytes 

 - Increase blood/tumour(153) CD4+ICOShi T 

cells*(146, 148) 

 - Presence of NY-ESO-1 Ab(369) 

 - Presence NY-ESO-1 specific CD8*(369) 

 - Decrease in circulating Tregs (contradictory 

data)(153), increase associated  with benefit after 

neoadjuvant ipilimumab(347)  

 - High Tregs*(266) 

 - Low baseline and decrease in MDSC*(266, 347, 

348) 

 - Decrease in monocytic MDSC(349) 

 - Maintenance of high frequency TCR clonotypes 

with high avidity TCR(156, 370)  

 - High baseline LDH(247, 266, 

366)*  

 - High baseline neutrophil: 

lymphocyte ratio(268, 371)* 

 - High baseline soluble 

CD25(372) 

  

 - High baseline and post 

treatment eosinophils 

(368) 

 - Increased IL17 after 

treatment correlate with 

colitis 

 - Increased CD177 and 

CEACAM1 after 

treatment correlate with 

colitis 

 - Increase TCR 

repertoire(155) 

Tu
m

ou
r 

  

 - T cell (memory) proliferation gene 

expression(342) 

 - Presence of intratumoural lymphocyte and on 

treatment increase in TILs(293) 

 - Increased CD4 T cells/Treg ratio(145, 294) 

 - Increase in tumoural Granzyme B lymphocyte 

after treatment(293) 

 - High FOXP3 and high IDO expression(293) 

 - Recurrent SERPINB3 and SERPINB4 mutations 

(333) 

 - High mutational load(329, 330) 

 - Transcriptomic signature of immune activation 

(IFN-γ and Th1 genes)(373) 

 - TCF+CD8+ population identified by 

scRNA(374) 

  

 - Gene expression of MAGE-A 

cancer germline antigens(324) 

 - High somatic copy number 

alterations (aneuploidy)(339)  

 - Loss of IFN-γ pathway 

genes(334) 

- Infiltration of neutrophils 

into the gut lamina propria 

correlate with colitis 

Fa
ec

al
 

 - Increased faecal Faecalibacterium and 

Firmicutes*(147) 

  - Increased faecal 

Faecalibacterium and 

Firmicutes associated with 

colitis*(147) 
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  Good Response  Poor response Toxicity 

Anti-

PD-1 

B
lo

od
 

 -Transient increase 

CD8+HLADR+Ki67+lymphoctyes 

 - Increased levels of IFN-ᵞ, IL-18, ITAC 

 - Decreased IL-6, LDH 

 - Increase in Ki67+PD-1+CD8 cells: tumour 

burden(159) 

 - Increased 

neutrophil:lymphocyte 

ratio(270) 

 - High LDH(248) 

-CYTOX score of 11 

cytokines (358) 

Tu
m

ou
r 

 - Presence of peri- and intratumoural CD8 T 

cells(296) 

 - High intratumoural PD-L1 expression(136, 301) 

 - High intratumoural PD-L1 expression on TILs 

for anti-PD-L1 mab(157) 

 - Increase in granzyme B CD8+ T cells(158) 

 - High baseline clonal TCR repertoire(158)  

 - Increased T cell clonal expansion(158) 

 - High plasmablast and B cell signatures*(162) 

 - High CXCR3 and CXCL9 and CXCL10 *(164) 

 - Grade 3/4 toxicity(237)* 

 - Reduction in TMB 4 weeks post 

treatment(331)* 

- Gene expression of cytolysis and NK 

proliferation(342) 

- Gene expression PD-1, 12 signatures CD4, CD8 

T-cell activation, NK cells, and IFN 

activation(321, 375) 

- Gene expression of immunosuppressive 

checkpoint genes e.g.  PDCD1, TIGIT,  

TNFRSF9 (CD137), IDO, and LAG3(321) 

- Increased insertion or deletion mutations(338) 

 - Transcriptomic signature of 

innate anti-PD-1 

resistance(344) 

 - Loss of PTEN (332) 

 - JAK 1/2 mutation in 

primary(336) or acquired 

resistance(335) 

 - T cell exclusion programme 

on scRNA(345) 

 - Increased gene expression of 

CA9 (hypoxic marker), WNT3, 

LAMB4, ITIH5, GRIA2, 

GRIA4, GRIK3(321)  

  

 

Fa
ec

al
 

 - High baseline Bifidobacterium 

longum, Collinsella aerofaciens, 

and Enterococcus faecium(359) 

 - High baseline microbiome diversity and higher 

Ruminococcaceae(362) 

   

*increase in survival after treatment  

https://www-sciencedirect-com.ezp.lib.unimelb.edu.au/topics/biochemistry-genetics-and-molecular-biology/tigit
https://www-sciencedirect-com.ezp.lib.unimelb.edu.au/topics/biochemistry-genetics-and-molecular-biology/lag3
https://www-sciencedirect-com.ezp.lib.unimelb.edu.au/topics/medicine-and-dentistry/gria2
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1.3.4 Application of biomarkers 

The above literature review summarised some of the major developments in biomarker 

discovery, including possible patient characteristics as well as blood, tumoural or faecal 

biomarkers.  A vast array of biomarkers is being explored and many of these studies 

have yet to be validated.  Deeper understanding of host and tumoural immune 

interaction can also help to reveal resistance mechanisms and identify possible 

strategies to overcome this resistance.  However the challenge remains how to 

incorporate these biomarkers into routine clinical use. 

A combination of biomarkers is likely needed in order to predict response from ICI,  

given the complex processes involved in initiating and maintaining an anti-cancer 

response in an individual patient.  Blank and colleagues proposed a ‘cancer 

immunogram’ as a framework to explore the various determinants that are integral to 

the host and tumoural immune interaction, including general immune status, immune 

cell infiltration, presence of [immune] checkpoints or soluble inhibitors, or inhibitory 

tumour metabolism, as well as tumoural sensitivity to immune effectors and tumoural 

foreignness (376).  Such a framework is helpful in furthering the understanding of the 

determinants of response to cancer immunotherapeutics and resistance mechanisms, but 

is not easily applicable to an individual patient given the lack of priorisation among the 

various biomarkers.  Importantly, many biomarkers are able to enrich for likely 

responders but do not fully discriminate between responders and non-responders, and 

therefore cannot be used to exclude patients from treatment.  Research is also needed 

into how firstly to prioritise the different biomarkers; and then how best to utilise these 

biomarkers to facilitate treatment decision making.  

Furthermore, there is also considerable variation in the definition of ‘clinical benefit’ 

within the biomarker discovery literature, with challenges in comparing biomarkers 

across studies, as well as implications for reproducibility of particular biomarkers.  

Some studies have used CT reassessment of absence of disease, stable disease or 

decreased tumour volume for longer than 6 months without specifying the frequency of 

imaging (299, 329).  Others have employed RECIST v1.1 commonly used in clinical 

trials and categorised the patients accordingly (331, 351).  Some  investigators 

incorporated the use of immune related RECIST Criteria (296, 377) whereas others did 

not specify whether these imaging criteria were used or not.  Some studies have 
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included stable disease as part of the ‘clinical benefit’ cohort, whereas others have listed 

this group of patients separately.   

Nonetheless, research into biomarkers for cancer immunotherapy improve our 

understanding of the mechanisms of response and begin to clarify patient groups that 

are more likely to receive benefit from ICI.     
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1.4 Hypotheses and questions addressed in this thesis 

There is an urgent need to identify prognostic and predictive biomarkers for  ICI in 

patients with melanoma, given that only a minority of patients respond, coupled with 

the potential toxicities of treatment.  This thesis was initiated during the infancy of 

biomarker discovery for ICI in 2014.  The overarching aim of the thesis is to identify 

novel biomarkers for ICI in patients with melanoma, using a combination of clinical 

factors, functional PET imaging, and comprehensive immune profiling of the tumour 

micro-environment.   

The aims of the thesis is:  

1.  To assess patient performance status as a biomarker for tumour response, 

toxicity and survival outcome after anti-PD-1 treatment for advanced 

melanoma.   

2. To identify baseline clinical characteristics and blood parameters that are 

associated with outcome after ICI treatment for melanoma brain metastases.  

3. To assess functional FDG-PET imaging parameters as biomarkers for 

outcome after anti-CTLA4 or anti-PD-1 treatment for advanced melanoma 

4. To compare the immune landscape of UV-related cutaneous malignancies 

(melanoma, Merkel cell carcinoma and squamous cell carcinoma)  

 

1.4.1 Hypotheses and questions addressed in the thesis  

The first two results chapters (Chapter 3 and 4 respectively) focused on the evaluation 

of patient clinical factors as potential biomarkers for outcome following ICI.  Firstly, 

patient baseline performance status was assessed as a biomarker for treatment response 

and survival following anti-PD-1 in Chapter 3.  The hypothesis was that, unlike 

cytotoxic chemotherapy, baseline performance status was not correlated with outcome 

following ICI, owing to its distinct mechanism of action.  In our published manuscript 

(259), we compared response rates and survival after anti-PD-1 in patients with good 

baseline performance status to patients with poor performance status.  We also 

evaluated whether baseline performance was associated with important palliative care 

measures, such as treatment and hospitalisation within last month of life, as well as the 

place of death.     
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Secondly, clinical biomarkers were evaluated in patients receiving ICI treatment for 

melanoma brain metastases in Chapter 4.   Patients with melanoma brain metastases 

have very poor survival, with distinct clinical challenges previously owing to the lack of 

effective treatments for intracranial disease.  Previous studies evaluated biomarkers for 

brain metastases prior to the introduction of ICI treatment (1, 2, 5-8).  The hypothesis is 

that additional clinical features may be prognostic in patients treated with ICI for 

melanoma brain metastases.  Chapter 4 was a post-hoc analysis of data from the Anti-

PD-1 Brain Collaboration clinical trial, a multi-centre phase II study of combination 

ipilimumab and nivolumab or nivolumab in patients with melanoma brain metastases 

(3).  Clinical factors and laboratory tests were evaluated as potential biomarkers for 

outcome using logistic regression models for treatment response and toxicity.  Survival 

analyses were performed to test  clinical characteristics and blood parameters as 

univariate and multi-variate variables.   

In Chapter 5, the thesis then goes on to examine the role of FDG PET functional 

imaging as a biomarker for outcome following ICI.  Some studies have reported an 

association between large tumour burden seen on CT with poor survival after anti-PD-1, 

but routinely used CT criteria do not fully evaluate the total burden of disease (274, 

280).  Baseline tumoural PET avidity (as measured by SUVmax or metabolic tumour 

volume) as well as immune avidity (measured by spleen to liver ratio) were evaluated as 

biomarkers for survival in patients treated with anti-CTLA4 and anti-PD-1 for advanced 

melanoma.  The hypothesis is that PET assessment of not only disease volume but 

tumoural glycolytic activity or FDG-PET avidity within the immune system (e.g. high 

spleen to liver ratio) may be highly correlated with outcome.  In our manuscript, we 

showed that high spleen to liver ratio was correlated with poor survival after ipilimumab 

(anti-CTLA4), so the study went on to investigate the clinicopathologcial correlates of 

high spleen to liver ratio.  Additionally, we also attempted to evaluate early on-

treatment PET (EOT PET) response was assessed as a predictor of treatment response at 

6 months following anti-CTLA4 or anti-PD-1 for advanced melanoma.    

The understanding of tumour immunobiology of skin cancer has been limited by the 

immune profiling techniques such as traditional immunohistochemistry.  Nonetheless, 

the presence of tumour infiltrating lymphocytes and PD-L1 staining cells are both 

recognised as key features of immune activation in cancers.  Comprehensive 

characterisation of T cell subsets and correlates of PD-L1 staining cells, in terms of 
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density and cellular spatial relationships as well as transcriptomic profile, will improve 

the understanding of the immune landscape of early stage skin cancers.   Chapter 6 

aimed to compare the immune profile of high-risk UV related skin cancers (melanoma, 

cutaneous squamous cell carcinoma and Merkel cell carcinoma) using orthogonal 

methods of bulk RNAseq and multi-spectral immunohistochemistry (m-IHC).  The 

hypothesis is that these orthogonal methods of tumoural immune profiling may identify 

specific T cell subsets or transcriptomic profiles associated with PD-L1 infiltration that 

are present in melanoma but distinct from other cutaneous cancers.   The frequency and 

spatial relationships of intra-tumoural T cell subsets and PD-L1 cellular infiltration were 

compared for the three skin cancers using m-IHC; and the transcriptomic profiles of 

high PD-L1 infiltrated melanoma were compared with high PD-L1 infiltrated Merkel 

cell carcinoma. 

Lastly, the use of multi-factorial biomarkers for six patients with advanced melanoma 

treated with ICI is explored.   These cases highlight the potential use of a combination 

of biomarkers including clinical factors, PET imaging, baseline blood parameters, as 

well as multi-spectral immunohistochemistry.   

Overall, this thesis aims to provide an exploration of clinical, imaging and tumoural 

biomarkers intended to improve patient selection for ICI in patients with melanoma.    
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2 Materials and Methods 

2.1 Performance status as a biomarker for anti-PD-1 

Methods are as summarised in the published manuscript, ‘Clinical and palliative care 

outcomes for patients of poor performance status treated with anti-programmed 

death1 for advanced melanoma Asia-Pacific Journal of Clinical Oncology. 2017; 

13(6):385-390’ (259).   All patients with advanced melanoma (unresectable stage IIIC 

or IV) who received at least one dose of anti-PD1 antibody at Peter MacCallum Cancer 

Centre were included in the study.  Retrospective review of medical records was 

undertaken. Patient demographics, stage of melanoma, brain or leptomeningeal 

involvement, baseline lactate dehydrogenase (LDH), response rates, treatment related 

toxicities, and survival data were recorded.  Tumour responses were performed on a 

range of modalities including computerised tomography (CT), positron emission 

tomography (PET/CT) and magnetic resonance imaging (MRI) and radiologists’ 

assessment of response were recorded.  Tumour response includes any radiological 

tumour reduction, progressive disease includes all enlarging lesions or new lesions and 

stable disease denotes neither tumour response nor progression.  Toxicities were graded 

using the Common Terminology Criteria for Adverse Events (CTCAE version 4.0).  

Immune related adverse events were defined as treatment related diarrhoea, colitis, 

endocrinopathy, hepatitis, pneumonitis, rash and other toxicities deemed by the treating 

oncologist.  

European Cooperative Oncology Group Performance Status (ECOG PS) scale was used 

to grade each patient’s performance status prior to treatment(254).  For patients in the 

cohort who died, additional palliative care data were collected, including treatment or 

hospitalisation within one month of death, admission to an intensive care unit, and place 

of death.  Chi-square tests were used to compare differences in the proportion of 

patients receiving each measure according to ECOG PS status (ECOG PS 0-1 vs ECOG 

PS 2-3). Kaplan-Meier estimates of OS were calculated separately for patients grouped 

by performance status  and compared using a log-rank test, where P-values ≤ 0.05 were 

considered to be statistically significant.  The median follow-up time was estimated 

from the inverse Kaplan-Meier method.  Statistical analyses were performed using 

Graphpad Prism Version 6.0 5. 
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2.2 Biomarkers in brain metastases 

A post-hoc analysis of Anti-PD-1 in Brain Collaboration (ABC) clinical trial (3) was 

performed to investigate clinical factors and laboratory parameters as biomarkers for 

outcome following ICI for melanoma brain metastases.  The ABC clinical trial is multi-

centre phase II study of combination ipilimumab and nivolumab or nivolumab in 

patients with melanoma brain metastases.  Patients with asymptomatic brain metastases 

were treated in cohort A (combination nivolumab and ipilimumab), and cohort B 

(nivolumab monotherapy) were included.  Cohort C from the original study was 

excluded, as this was a mixed cohort of patients with leptomeningeal disease, with 

symptomatic metastases despite  previous local therapies.   

The following statistical analyses were performed on R version 3.5.1.  Survival analyses 

were performed in R using the Survival and Survminer packages.  Patient characteristics 

and blood parameters were used as variables to generate predictive models for treatment 

response and survival.  The variables were analysed as continuous variables, 

thresholded at the median of the cohort as ‘high’ or ‘low’, or thresholded at a clinically 

relevant level (i.e. upper limit of normal).  Logistic regression models for response were 

generated.  Response was defined as complete response or partial response as the best 

overall response using RECIST 1.1.  Univariate and multivariable Cox regression 

models were generated for PFS and OS for the entire cohort, then for each of the 

treatment cohorts separately.  Kaplan Meier curves, univariate and multivariable Cox 

regression models were generated for landmark treatment toxicity at 120 days for the 

entire cohort, then for  each of the treatment cohorts separately. 

2.3 Functional PET imaging  

Baseline PET biomarkers 

 

Baseline FDG-PET parameters were examined as prognostic biomarkers in patients 

treated with ipilimumab or anti-PD-1 at Peter MacCallum Cancer Centre.  The detailed 

methodology of the study is described in the manuscript, ‘18F FDG PET/CT based 

spleen to liver ratio (SLR) associates with clinical outcome to ipilimumab in 

patients with metastatic melanoma’(378).  In brief, all patients with unresectable 

stage III or stage IV melanoma who received monotherapy with ipilimumab or 
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anti-PD1 (either pembrolizumab or nivolumab) and had completed a pre-

treatment FDG-PET scan at Peter MacCallum Cancer Centre (PMCC) between 

1st July 2010 and 30thJune 2015 were included.  Medical records were 

retrospectively reviewed for patient demographics, disease characteristics, blood 

parameters, treatment and clinical outcome.  Treatment response was determined by 

local treating oncologist based on available clinical and imaging data.  We then sought 

to validate the association between SLR>1.1 and OS after ipilimumab in an additional 

cohort.  Eligible patients treated at UZ Brussel, Brussels and University Hospital 

Zurich, Zurich were combined into a single validation cohort.  Patients treated with at 

least one dose of ipilimumab were included and patient demographics, date of death or 

last contact were recorded.   

 

FDG PET/CT parameters (tumoural SUVmax, MTV and SLR) were tested for 

association with PFS and OS after ipilimumab and anti-PD1, with treatment line and 

metastasis substage considered as confounding variables(11, 379).  PFS and OS were 

tested for association with PET/CT parameters using Cox proportional hazards 

regression.  The median tumoural SUVmax and MTV were calculated using all pre-

treatment scans in the discovery cohort (n=110).  These median values were used to 

dichotomize the cohort to compare high tumoural SUVmax versus low tumoural 

SUVmax, as well as high MTV versus low MTV.  Tumoral SUVmax and MTV were 

also analysed as continuous variables.  The SLR normally varies within a tight range of 

0.9-1.0; consequently SLR >1.1 was considered abnormally high and used as the 

threshold for survival analyses.  PFS was assessed and modelled separately for 

ipilimumab and anti-PD1 and was measured from the start of immunotherapy to the 

date of progression or death; patients were censored at date of last contact.  Multivariate 

analyses for overall survival considered LDH, metastasis substage (AJCC 7th 

Edition)(11), MTV, ALC and SLR.  Multi-variable model for SLR considered 

neutrophil:lymphocyte ratio, haemoglobin, LDH, ALC x109, albumin, lymphocyte: 

monocyte ratio and patient performance status.  Statistical analyses were performed 

using the base package and the survival package (R version 3.4.2).  Kaplan-Meier 

survival curves were used to present survival outcome for SUV and MTV as 

dichotomized at the median for the treatment cohort, or at the abnormal threshold of 

https://www.vub.ac.be/en/
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SLR>1.1.   

 

A subset of patients in the discovery cohort were also enrolled in a separate biomarker 

study where their sera were stored at multiple time points.  Pre-treatment samples were 

taken at baseline, prior to treatment at week 3 and prior to week 6.  We sought to 

evaluate baseline and dynamic changes in the cytokine profile of patients with high SLR 

compared to those with normal SLR.  Stored serum samples were tested using the BD 

Cytometric Bead Array Enhanced Sensitivity kit for IL1β, IL2, IL4, IL6, IL10, 

IL12p70, IL17A, TNF, IFNγ as per the manufacturer’s protocol.  Experiments were 

performed in duplicate.  Samples were analysed using the BD FACSVerse analyser and 

results summarised using Graphpad Prism.   

 

Early on-treatment PET biomarkers 

Early on-treatment (EOT) scans were performed 2-3 weeks after the commencement of 

treatment.  PET parameters of SUVmax, MTV and SLR on EOT PET scans were 

compared to baseline PET parameters and analysed as a predictor of clinical benefit at 6 

months.  Patients were defined as deriving clinical benefit if the treating clinician 

deemed the patient to have complete response or partial response or stable disease at 6 

months as assessed by radiological or clinical assessment.  No formal radiological 

treatment assessment criteria were used.  Patients who died without radiological 

assessment were defined to have progressive disease.  Waterfall plots are presented to 

show the absolute change of each PET parameter on EOT PET scans compared to 

baseline PET scans.     

Overall survival was calculated as date of death from date of first treatment or censored 

at the date of last contact.  For each baseline PET parameter, log-rank survival analyses 

were performed to assess 1) any absolute reduction on EOT PET scans compared to 

baseline PET and 2)> 30% reduction from baseline PET.  Survival analyses were 

performed using log-rank test in GraphPad Prism Version 8.0.2. 

2.4 Comparison of UV related cutaneous malignancies 

Orthogonal immunoprofiling techniques were used to interrogate the immune profile of 

primary skin cancer samples including melanoma, Merkel cell carcinoma (Merkel or 
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MCC), and cutaneous squamous cell carcinoma (cSCC).  Novel tyramide signal 

amplification (TSA) multiplex immunohistochemistry technique was used, where 7 

antibody markers were stained simultaneously to explore the density of T cell 

populations, PD-L1 staining cells and their spatial relationships with tumour cells.  Bulk 

ribonucleic acid sequencing (RNAseq) was then performed on serial sections from the 

same samples to identify differentially expressed genes.       

Multispectral immunohistochemistry (mIHC) 

Samples of melanoma were collected through Melanoma Research Victoria.  Samples 

of Merkel cell carcinoma were collected at 3 Australian institutions (Peter MacCallum 

Cancer Centre, Melanoma Institute of Australia and Royal North Shore Hospital).  

Samples of squamous cell carcinoma were collected from University of Essen, 

Germany.    

The Opal mIHC staining method for T cell characterisation in melanoma was optimised 

by Heloise Halse (380).  This method was subsequently modified by Dr Kelly Waldeck 

for MCC and myself for SCC.  4µm formalin fixed and paraffin embedded (FFPE) 

sections of tumour were mounted on Superfrost Plus slides (Thermo-Scientific).  Slides 

were dewaxed, washed in water for 2min, followed by wash in Tris Buffer Saline and 

Tween (TBST) twice for 2 min.  For the T cell characterisation panel, each antibody 

marker was applied in turn: CD3, CD4, CD8, FOXP3, PD-L1, tumour marker (SOX10 

for melanoma, synaptophysin for MCC and p40 for SCC) and DAPI.   See Table 2.1 

and Table 2.2 for details.  Tonsillar tissue was used as positive control for CD3, CD4, 

CD8, FOXP3, DAPI and placental tissue was used as positive control for PD-L1.  

Primary antibodies were applied to the slides and incubated at room temperature for 30 

min and washed with TBST 3 times for 5 min each time.  Secondary antibodies were 

applied and incubated for 10min at room temperature.  Slides were washed 3 times with 

TBST for 5 min.  TSA fluorescent dyes were applied and incubated at room temperature 

for 10 min.  Slides were washed three times in TBST for 5 min.  Slides were 

microwaved in antigen retrieval buffer for 1min at 100% power, 15 min at 10% power, 

then cooled for 30 min before the next antibody was applied.  After all 6 antibodies had 

been applied in sequence, DAPI was applied for nuclei counterstain and incubated for 

2min at room temperature.  Vectrashield medium was applied and covered with 

coverslip.   
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All slides were scanned on Vectra® 3.0 Automated Quantitative Pathology Imaging 

System, 200 slide (Perkin Elmer, MA) at 10X magnification, with subsequent high-

powered fields of view (HPF) taken at 20X (resolution of 0.5um per pixel) throughout 

the tissue section to obtain a representation of tumour, stroma and tumour margin.  

Images were analysed on inForm® Software v2.2 (Perkin Elmer, MA) to demarcate 

tissue compartments (i.e. tumour, stroma or tumour margin), and cellular phenotypes 

were identified based on the fluorescence intensity of each antibody.  Tumour was 

defined as area with tumour positive cells (SOX10 for melanoma, synaptophysin for 

MCC and P40 for SCC), stroma was defined as tumour negative areas distant from the 

tumour; and tumour margin was the region immediately adjacent to the tumour 

perimeter.  The InForm software was trained to recognise each cellular phenotype based 

on 20 representative cells, with subsequent batch analysis of all high powered images 

for each specimen sample, with 1.338/mm2 in each HPF.  Cellular density was 

calculated for each sample and expressed as cells/mm2.   For the melanoma samples, 

PD-L1 staining cells were further phenotyped dependent on co-staining of CD3 or 

SOX10 to examine whether the PD-L1 expression was on T cells or tumour cells 

respectively.  Spatial relationships between cells were measured using the HALO 

software program (381).  Composite images from the Vectra microscope were used and 

cells were phenotyped.  The average distance between PD-L1 cells to T cell subsets and 

the average distance between tumour cells to T cells subsets were calculated, and 

compared between the three cancers.   

Statistical analysis for mIHC 

R version 3.3.1 and Graphpad Prism 7 were used to analyse the data generated from 

mIHC.  Kruskal-Wallis test was used to compare cellular density for the 3 different skin 

cancers.  Samples were then categorised by their predominant T cell subtype, where the 

T cell subset (either CD3, CD4, CD8 or FOXP3) represented greater than 50% of the 

intratumoural T cells.  Associations of PD-L1 density were studied in more detail as 

follows.  Mann-Whitney test was used to compare PD-L1 density in ulcerated and non-

ulcerated melanoma.  Mann-Whitney test was also used to compare PD-L1 density in 

Merkel Cell Polyoma Virus (MCPyV) positive and MCPyV negative MCC samples.  

Spearman correlation was used to test the correlation between density of T cell subsets 

(CD3, CD4, CD8, FOXP3) as well as PD-L1+ cells.  Only significant results are 
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represented in the figures.  The average distances between T cell subsets and PD-L1+ 

cells were compared for the 3 skin cancers using the Krusal-Wallis test.    

RNA-sequencing (RNAseq) 

A matched subset of samples studied by mIHC went on to be profiled by bulk RNA 

sequencing (RNAseq): 17 melanoma, 19 MCC and 5 SCC.  Serial FFPE slides used for 

mIHC were used for RNAseq.  RNA was isolated from macro-dissected FFPE tissue 

sections using the AllPrep DNA/RNA FFPE Kit (Qiagen, Germany) according to the 

manufacturer’s instructions. RNA extraction was done using the RNeasy FFPE RNA 

extraction kit according to manufacturer  protocols (Qiagen, Germany). RNA-seq 

library preparation and hybridisation capture enrichment were done using either 

Illumina RNA-Access (Illumina, USA) or Agilent RNA-Direct (Agilent, USA) kits 

according to manufacturers’ protocols.  Total RNA-seq libraries were prepared using 

the NEBNext Ultra™ II Directional RNA Library Prep Kit for Illumina (rRNA 

depletion workflow)(NEB, USA).  Sequencing was done using Illumina HiSeq 2000, 

NextSeq and Nova-Seq 6000 (Illumina, USA).  Gene expression analyses were 

performed using R version 3.5.0.  Gene symbols were converted to Entrez ID using the 

annotations in the Org.Hs.eg.db package.  Of the 57,905 genes, 38,895 genes were 

discarded for this analysis.  All counts per million (CPM) and log2CPM values were 

normalised and filtered using the EdgeR package (382). Only genes with counts of CPM 

greater than 1.0 in five or more samples were considered expressed (as the smallest 

group, squamous cell carcinoma, consisted of 5 samples). This filtering resulted in a list 

of 25,582 genes.   

Multi-dimensional scaling plots were used as a visualisation of principle components 

analysis.  This identifies the greatest determinant of variation for the gene expression 

data.  Unsupervised clustering of samples was performed on a customised list of 1270 

genes related to immune processes and immune cell types, previously published by 

Galon and colleagues (383) and Nanostring PanCancer Immune panel (384).  Gene 

expression of PDCD1 was correlated with PD-L1 density using Spearman correlation.   

Tumour mutational burden was correlated with PD-L1 using Spearman correlation.  

Variant calling from RNA-Seq was performed to generate the tumour mutation burden.  

Variants were called using a modified version of the GATK best practices for variant 

calling from RNA-Seq (https://gatkforums.broadinstitute.org/gatk/discussion/3892/the-

https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-rna-hybridization
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gatk-best-practices-for-variant-calling-on-rnaseq-in-full-detail), with the exception that 

GATK version 4 rather than 3 was used (GATK version 4.1.0.0) (385, 386). Variants 

were also called using VarScan (version 2.4.3)(387) with a minimum of 8 bases of 

coverage and 3 bases supporting each variant call. To be considered a true call, the 

variant had to be called by both the GATK HaploypeCaller and VarScan. To filter out 

germline variants, all variants present in the dbSNP (version 151) were removed and 

additionally any variant present in more than 20% of the cohort was removed. To 

remove mutations caused by RNA-editing, any sites present in the RADAR RNA-

editing database (388) were also removed. The method was originally developed using 

167 lung squamous cell carcinoma (LUSC) RNA-Seq samples from the TCGA with 

matched whole exome sequencing (WES) data. The method was able to call variants 

with only 6% recall, but 74% precision. The TMB from RNA-Seq variant calling was 

also validated against an external cohort made up of 11 WGS samples comprising of 9 

cancer of unknown primary (CUP) samples and 2 MCC samples with a Pearson’s 

correlation of 0.98. Despite the low recall rate, UV mutational signatures were still able 

to be identified and were dominant in the viral negative samples.  TMB was calculated 

for a given sample by counting the total number of exon bases that had a coverage of 8 

or more using Mosdepth (version 0.2.5) (389), dividing this by the total number of 

detected coding mutations and multiplying by 1 million (mutations/megabase).  

Differential expression analysis was performed on the melanoma and MCC samples 

with the limma-voom package (390)with the design 0 + condition.  Melanoma and MCC 

samples were dichotomized at the median of the group for PD-L1 density to define high 

PD-L1 subgroup and low PD-L1 subgroup.  Volcano plots were used to visualise genes 

that were expressed differentially between 1) high and low PD-L1 expressing 

melanoma, 2) high and low PD-L1 expressing MCC and 3) high PD-L1 expressing 

melanoma compared to high PD-L1 expressing MCC.  For the purpose of the Volcano 

plots, log(p-value) was presented graphically with significant values presented as p-

value <0.01.  Genes with an adjusted P-value of <0.01 (based on the moderated t-

statistic using the Benjamini-Hochberg (BH) method to control the false discovery rate 

and a |log2FC| >2 were considered significantly differentially expressed to identify the 

number of genes upregulated in a) high PD-L1 staining melanoma compared to high 

PD-L1 staining MCC.  Gene set enrichment and network analyses were performed on 
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the significantly upregulated and down-regulated genes in melanoma compared to MCC 

using the Metascape gene set enrichment analyses program (391).    

2.5 Patient case studies for the application of biomarkers 

Patients with advanced melanoma who were treated at Peter MacCallum Cancer Centre 

were offered the option of participating in a voluntary biomarker research study, 

whereby their clinical, imaging, blood and tissue samples were stored for research. 

Patients’ demographics, disease characteristics, treatment timeline and outcomes (best 

response to each line of treatment) are presented.  Pre-treatment FDG PET scans 

performed in the 6 weeks prior to commencing treatment were analysed for metabolic 

tumour volume (MTV) and spleen to liver ratio (SLR).  Biospecimens were taken at 

diagnosis, pre-treatment and throughout treatment course.  Routine pre-treatment 

laboratory tests were performed, including LDH, neutrophil: lymphocyte count (NLR), 

albumin.   

Pre-treatment tumoural samples were evaluated using multi-spectral 

immunohistochemistry.  The mIHC T cell panel was used to study the density and 

distribution of SOX10 (melanoma), CD3, CD4, CD8, FOXP3, PD-L1+CD3 and PD-

L1+SOX10.  The Pan-Immune panel was used to study the density and distribution of 

CD3 (T cells), CD11c (dendritic cells), CD20 (B cells), CD68 (macrophages) and 

SOX10 (melanoma).  The primary antibody reagents are described in Table 2.1 

Reagents used for the melanoma or cSCC T cell characterisation mIHC panel and Table 

2.3 Reagents used for the Pan-immune characterisation mIHC panel The staining 

protocol, data acquisition and analysis methodology for the Pan-immune panel was the 

same as for the T cell panel.  
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2.6 Tables 

Table 2.1 Reagents used for the melanoma or cSCC T cell 
characterisation mIHC panel 

T cell 

characterisation 

panel 

Primary antibody Secondary antibody TSA 

fluorescent 

dye 
CD3 Rabbit monoclonal CD3, 

Spring Bioscience,  

Clone SP7, concentration 

1:1000 

Rb (1:1000) 520 

(1:50) 

CD4 Rabbit monoclonal CD4, 

Spring Bioscience,  

Clone SP35, 

concentration 1:100 

Rb (1:500) 650  

(1:50) 

CD8 Mouse monoclonal CD8, 

Thermofisher, clone 

4B11, concentration 

1:500 

Ms (1:1000) 690 

(1:50) 

FOXP3 Rabbit polyclonal 

FOXP3, BioSB, 

concentration 1:100 

Rb (1:1000) 570 

(1:50) 

PD-L1 Rabbit monoclonal PD-

L1, Spring Bioscience, 

clone SP142, 

concentration 1:1000 

Rb (1:1000) 540  

(1:50) 

SOX10 (Melanoma 

tumour stain) 

Mouse monoclonal 

SOX10, Biocare Medical, 

clone BC34, 

concentration 1:500 

Ms (1:1000) 620 

(1:50) 

P40 (cSCC tumour stain) Mouse monoclonal P40, 

Biocare Medical, clone 

BC28, 1:1000 

Ms (1:1000) 620 

(1:50) 

 

The tumour stain for melanoma (SOX10) can be swapped directly with the tumour stain 

for cSCC (P40), while the other T cell subsets and PD-L1 reagents remain the same.   
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Table 2.2 Reagents used for the MCC T cell characterisation mIHC 
panel 

T cell 

characterisation 

panel 

Primary antibody Secondary antibody TSA 

fluorescent 

dye 
CD3 Rabbit monoclonal CD3, 

Spring Bioscience,  

Clone SP7, concentration 

1:1000 

Rb (1:1000) 520 

(1:50) 

CD4 Rabbit monoclonal CD4, 

Spring Bioscience,  

Clone SP35, 

concentration 1:100 

Rb (1:500) 650  

(1:50) 

CD8 Mouse monoclonal CD8, 

Thermofisher, clone 

4B11, concentration 

1:500 

Ms (1:1000) 620 

(1:50) 

FOXP3 Rabbit polyclonal 

FOXP3, BioSB, 

concentration 1:100 

Rb (1:1000) 570 

(1:50) 

PD-L1 Rabbit monoclonal PD-

L1, Spring Bioscience, 

clone SP142, 

concentration 1:1000 

Rb (1:1000) 540  

(1:50) 

Synaptophysin (MCC 

tumour stain) 

Mouse monoclonal 

Synaptophysin, Leica 

Biosystems, clone 27912,  

Concentration 1:100 

Ms (1:1000) 690 

(1:50) 
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Table 2.3 Reagents used for the Pan-immune characterisation mIHC 
panel 

Pan-immune 

characterisation 

panel 

Primary antibody Secondary antibody TSA 

fluorescent 

dye 
CD3 Rabbit monoclonal CD3, 

Spring Bioscience,  

Clone SP7, concentration 

1:1000 

Rb (1:1000) 520 

(1:50) 

CD11c Rabbit monoclonal 

CD11c,  

BioSB, clone EP157, 

concentration 1/2000 

Rb (1:500) 570 

(1:50) 

CD20 Mouse monoclonal 

CD20,  

DAKO, clone L26, 

concentration 1/500 

Ms (1:1000) 690 

(1:50) 

CD68 Mouse monoclonal 

CD68,  

Thermofisher, clone 

514H12, concentration 

1/200) 

Rb (1:1000) 540 

(1:50) 

PD-L1 Rabbit monoclonal PD-

L1, Spring Bioscience, 

clone SP142, 

concentration 1:1000 

Rb (1:1000) 650 

(1:50) 

SOX10 (Melanoma 

tumour stain) 

Mouse monoclonal 

SOX10, Biocare Medical, 

clone BC34, 

concentration 1:500 

Ms (1:1000) 620 

(1:50) 
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3 Performance status as a biomarker for anti-PD-1 

3.1.1 Introduction 

Baseline performance status has been associated with prognosis in multiple cancer types 

including melanoma.  Performance status is commonly defined using the European 

Cooperative Oncology Group (ECOG PS) grading, where ECOG PS 0, asymptomatic; 

ECOG PS 1, restricted in activity but ambulatory; ECOG PS 2, ambulatory, capable of 

all self-care and up and about more than 50% waking hours; ECOG PS 3, capable of 

limited self-care but confined to bed or chair more than 50%, ECOG PS 4, completely 

disabled and cannot carry out any self-care, ECOG PS 5, dead (254).  The landmark 

randomised clinical trials of anti-CTLA4 or anti-PD-1 or their combination in 

melanoma have routinely excluded patients with poor performance status, i.e. patients 

with ECOG PS more than 1(166, 172, 174, 176, 187).  Treatment with traditional 

cytotoxic chemotherapy in patients with poor baseline PS is associated with poor 

survival and reduced quality of life (255, 392).  Given the distinct mechanism of action 

of ICI, it was not known whether patients with poor baseline PS would be able to derive 

tumour response to it.  Furthermore, the unprecedented success of ICI in treatment 

resistant cancers, coupled with the favourable toxicity profile compared to 

chemotherapy, has resulted in significant interest from both clinicians and patients to 

trial ICI even in patients with poor PS (240, 393).  This problem is exacerbated by the 

lack of robust predictive biomarkers that differentiate likely responders from non-

responders, resulting in challenging clinical scenarios where patients are faced with 

potential  hope of durable response even though the majority of patients will be 

treatment resistant (394, 395). 

At the time of starting this thesis, there was a paucity of literature on outcomes of 

patients with poor baseline performance status prior to ICI, so our retrospective study 

was one of the first published studies to report on this challenging group of patients.  

Our publication entitled, ‘Clinical and palliative care outcomes for patients of poor 

performance status treated with antiprogrammed death-1 monoclonal antibodies for 

advanced melanoma.’ is presented here as the results of this thesis chapter.   
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3.1.2 Aims 

The aims of the study were:  

1. To compare the survival and tumour response rate of anti-PD-1 in patients 

with good baseline performance status (ECOG PS 0-1), with that of patients 

with poor baseline performance status (ECOG PS 2-3).  

2. To compare the rates of treatment within last month of life, hospitalisation 

and place of death in patients with good baseline performance status (ECOG 

PS 0-1), with those patients with poor baseline performance status (ECOG 

PS 2-3). 

3. To compare the toxicity rate of anti-PD-1 in patients with good baseline 

performance status (ECOG PS 0-1), with that of patients with poor baseline 

performance status (ECOG PS 2-3).  
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3.1.3 Summary of results 

1. Patients with poor baseline PS have poor survival (median OS for ECOG PS 0-1 

was 19.5 months compared to 1.8 months for ECOG 2-3 with HR 5.5; 95% CI 

9.1-50.3, p=0.0001).    

2. Patients with poor baseline PS have lower tumour response rate, with 23/58 

(39%) in ECOG PS 0-1 and 2/16 (12%) in ECOG PS 2 and 0/8 in ECOG PS 3. 

3. ECOG PS 2–3 patients were more likely to be treated and hospitalised within the 

last month of life compared to ECOGPS 0–1 patients, RR 1.75 (95% CI, 1.04–

2.56, P = 0.019) and RR 1.73 (95% CI, 1.10–2.16, P = 0.009), respectively.  

4. Patients with poor PS are more likely to die in hospital RR 2.68 (95% CI, 1.17–

6.51, P = 0.016). 

5. Toxicity did not differ depending on baseline performance status. 

3.1.4 Discussion  

This small retrospective study reported on the outcomes of 91 patients treated with anti-

PD-1 at Peter MacCallum Cancer Centre.  Patients with poor performance status 

(ECOG PS 2 and 3) had poor survival and lower likelihood of tumour response 

compared to those with good performance status.  Patients with poor performance status 

were more likely to be treated and hospitalised within their last month of life, and were 

more likely to die in hospital.  To our knowledge, our study was the first to publish on 

efficacy and toxicity outcomes in patients with poor performance status in advanced 

melanoma (259).  These findings are in keeping with existing data about poor outcomes 

in patients who are treated with cytotoxic chemotherapy.  Despite reports of exceptional 

and rapid response with immunotherapy (396), this was not observed in patients with 

poor performance status.  It is noted that a minority of patients (12%) with poor 

performance status did derive a tumour response, despite its association with a dismal 

median survival of 1.8 months.   

Recently a prospective phase II study evaluated nivolumab in challenging populations, 

such as those with central nervous system metastases, poor performance status, and 

patients with underlying auto-immune conditions or previous immune toxicities from 

ipilimumab (397).  Sixty-six of the total one thousand and eight patients in the study 

had ECOG PS 2.  The median survival for the patients with poor PS was less than 3 
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months compared to 21.4 months in the total population.  Interestingly there was a 

subset of patients with poor PS who had durable survival, where 12 of 66 patients 

(18.8%) with ECOG PS2 were alive at 18 months.  Patients with poor performance 

status also showed other characteristics associated with poor prognosis, for instance: 

27.3% had M1c disease with brain metastases, 13.6% had mucosal melanoma, 78.8% 

had raised LDH greater than upper limit of normal.  This study is the first prospective 

study of anti-PD-1 in patients with poor PS; the findings are in keeping with the 

findings of our retrospective study.   

Another point of interest is that prospective studies of patients with good performance 

status (ECOG PS 0 and 1) also show trends for improved survival in patients who are 

asymptomatic (237, 248).  This observation would be supportive of more intensive 

screening of patients at high risk of systemic relapse in order to detect patients while 

they are asymptomatic.  Furthermore, it also supports the treatment by means of 

adjuvant therapy, where patients are yet to have visible metastatic disease and are more 

likely to be at maximal performance status.   

Toxicity in the phase II study of nivolumab in challenging populations was reported as 

comparable to previous clinical trials of anti-PD-1 (397).  18.2% and 13.6% of the total 

study population and ECOG PS 2 subgroup experienced grade 3 or 4-treatment related 

toxicity respectively.  Our retrospective study had similar findings where 13% of 

patients with ECOG PS 2 or 3 experienced a grade 3 or 4 toxicity (259).  However, both 

studies may be underestimating the toxicities experienced by patients with poor PS as 

their duration of treatment is shorter, and yet the rate of toxicities is similar to patients 

with good PS where the treatment is longer, thus giving a longer period of time to 

accrue toxicities.  Therefore, toxicities at short landmark intervals such as 3 month and 

6 months may be more informative.   

Randomised, prospective studies of patients with poor performance status (such as 

ECOG PS2) are needed to differentiate whether performance status is a predictive 

biomarker for ICI as well as a prognostic biomarker.  Data on the palliative care needs 

of patients with poor performance status are also lacking.  Our group and other authors 

have also expressed challenges over how to balance patients’ hopes in the face of 

uncertainty, given that only the minority of patients will achieve these durable responses 

(394, 398).  Some of the potential problems of ICI in this patient cohort relate to the 
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lack of palliative care involvement if patients perceive themselves to be having 

treatment with durable response, and the associated opportunity costs that come with 

remaining on futile treatment.  There are also significant financial implications of 

trialling these expensive treatments, either as a personal cost to the patient or to the 

health system.  Lastly, there is concern about the use of steroids in patients receiving 

immunotherapy, as it potentially reduces the efficacy of treatment (399).  This results in 

a reluctance to use steroids by both clinicians and patients.  The lack of steroid use 

potentially worsens patients’ quality of life as steroids have been demonstrated to 

relieve various cancer related symptoms (400).  Prospective studies may also be able to 

better assess toxicity using landmark time points, with particular consideration of 

financial toxicity.  A more comprehensive exploration of the quality of life domains 

using validated tools may be able to highlight some of the palliative care needs of 

patients with poor performance status.   
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3.1.5 Publication: ‘Clinical and palliative care outcomes for patients of poor 
performance status treated with antiprogrammed death-1 monoclonal 
antibodies for advanced melanoma.’ 
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1 INTRODUCTION  
 

Immune checkpoint inhibitors such as antiprogrammed death one anti- 
bodies (anti-PD1) have rapidly entered clinical practice for many tumor 

types including melanoma,1–3 non–small cell lung cancer,4,5 renal 

cancer6 and Hodgkins lymphoma.7 Biomarkers which predict response 
to these treatments are under intensive investigation, although few 
have translated into clinical practice at the same pace as the treat- 
ments themselves. Traditional clinical biomarkers such as performance 
status (PS) have yet to be formally assessed, as patients with poor 
PS were excluded from the landmark clinical trials. Unlike cytotoxic 
chemotherapy, anti-PD1 antibodies are well tolerated and offer the 

prospect of durable benefit. As such, clinicians may be tempted to use 
these agents in patients with poor PS, with the hope they will salvage 
aggressive disease. 

Traditional cytotoxic chemotherapy in patients with poor PS are 
associated with shorter survival and worse quality of life in some can- 

cer types,8,9 hence the American Society of Clinical Oncology have rec- 
ommended against the use of chemotherapy in patients with European 
Cooperative Oncology Group (performance status (ECOG PS) score of 

three or more.10 However, anti-PD1 antibodies have a distinct mecha- 
nism of action and toxicity profile compared to chemotherapy. There- 
fore, it is important to review the efficacy and toxicity rates in patients 
with poor PS treated with anti-PD1 antibodies to determine if these 
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Abstract 
Background: Antiprogrammed death-1 antibodies (anti-PD1) have response rates of 40% in 
metastatic melanoma. Patients with poor performance status (PS) were excluded from clinical tri- 
als, yet use of anti-PD1 is widespread in clinical practice. Literature regarding clinical and palliative 
care outcomes in patients with poor PS treated with anti-PD1 is lacking. 

Methods: Retrospective review of outcomes for all patients with advanced melanoma treated 
with anti-PD1 between 2012 and June 2015 at Peter MacCallum Cancer Centre, a tertiary spe- 
cialist cancer center in Australia. 

Results: Between 2012 and 2015, 91 patients received anti-PD1: median age 63, 65% males, 77% 

elevated LDH>1xULN (37/48 patients). Fifty-eight patients had baseline ECOG PS of 0–1 (64%), 
24 patients ECOG PS 2–3 (26%) and ECOG PS was not recorded in nine patients (10%). Median 
overall survival (OS) for the ECOG PS 0–1 group was 19.5 months and 1.8 months for ECOG PS 
2–3 (HR 5.5; 95% CI, 9.1–50.3; t = 0.0001). Tumor response was 23/58 (39%) in ECOG PS 0–1, 
2/16 (12%) in ECOG PS 2 and 0/8 in ECOG PS 3. Toxicity did not differ between different groups. 
ECOG PS 2–3 patients were more likely to be treated and hospitalized within the last month of 
life compared to ECOG PS 0–1 patients, RR 1.75 (95% CI, 1.04–2.56, t = 0.019) and RR 1.73 (95% 
CI, 1.10–2.16, t = 0.009), respectively. ECOG PS 2–3 patients were more likely to die in an acute 
hospital RR 2.68 (95% CI, 1.17–6.51, t = 0.016). 

Conclusions: Patients with poor baseline PS have a significantly lower OS and reduced response 
to anti-PD1. Further quality of life and palliative care research is needed. 
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agents are a therapeutic benefit in this subset ofpatients. Furthermore, 
there are some palliative care outcomes such as anti-PD1 treatment 
patterns in the last month of life and the place of death which may 
inform the palliative care needs for those with advanced malignancies. 
We sought to investigate the real-world outcomes of anti-PD1 treat- 
ment in melanoma patients of both good and poor performance status. 

 
 
1 METHOD  

 
All patients with advanced melanoma (unresectable stage IIIC or 
IV) who received at least one dose of anti-PD1 antibody at Peter 
MacCallum Cancer Centre, a specialist cancer center in Australia, 
were included in the study. Retrospective review of medical records 
was undertaken. Patient demographics, stage of melanoma, brain or 
leptomeningeal involvement, baseline lactate dehydrogenase (LDH), 
response rates, treatment related toxicities and survival data were 
recorded. Tumor responses were performed on a range of modalities 
including computerized tomography (CT), positron emission tomog- 
raphy (PET/CT) and magnetic resonance imaging (MRI) and radiolo- 
gists’ assessment of response were recorded. Tumor response includes 
any radiological tumor reduction, progressive disease includes all 
enlarging lesions or new lesions and stable disease denotes nei- 
ther tumor response nor progression. Toxicities were graded using 
the Common Terminology Criteria for Adverse Events (CTCAE ver- 
sion 4.0). Immune-related adverse events were defined as treatment 
related diarrhea, colitis, endocrinopathy, hepatitis, pneumonitis, rash 
and other toxicities deemed by the treating oncologist. 

ECOG PS scale was used to grade each patient’s performance 

status prior to treatment.11 ECOG PS for patients in the cohort who 
died, additional palliative care data were collected, including treat- 
ment or hospitalization within one month of death, admission to an 
intensive care unit and place of death. Chi-square tests were used to 
compare differences in the proportion of patients receiving each mea- 
sure according to ECOG PS status (ECOG PS 0–1 vs ECOG PS 2–3). 
Kaplan–Meier estimates of OS were calculated separately for patients 
grouped by performance status and compared using a log-rank test, 
where t 0.05 were considered to be statistically significant. The 
median follow-up time was estimated from the inverse Kaplan–Meier 
method. Statistical analyses were performed using Graphpad Prism 
Version 6.0 5. This study was approved by the institutional research 
ethics committee. 

 
 
2 RESULTS 

 
Between 2012 and 2015, 91 patients were treated with anti-PD1 anti- 
bodies for advanced melanoma. Fifty-eight (67%) patients had base- 
line ECOG PS of 0–1, 16 (13%) patients had ECOG PS 2 and 8 (9%) 
had ECOG PS 3. Nine (10%) patients without ECOG PS recorded were 
excluded from analysis. The baseline characteristics of patients are 
described in Table 1. The median follow-up from the start of anti-PD1 
treatment for all patients was 16.8 months. Tumor responses were 
assessed using positron emission tomography in 34 patients (41%), 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1 Overall survival after anti-PD1 for patients  with 
metastatic melanoma. Overall survival of patients with advanced 
melanoma with ECOG PS 0–1 compared to ECOG PS 2–3 (top); overall 
survival of patients with advanced melanoma divided into subgroups 
of ECOG PS 2 compared to ECOG PS 3 (bottom) [Colour figure can be 
viewed at wileyonlinelibrary.com] 

 
 

computerized tomography in 28 patients (34%), MRI in 3 patients (4%) 
and clinical progression (not imaged) in 17 patients (21%; Table 2). 

Median overall survival (OS) for ECOG PS 0–1 group was 19.5 
months versus 1.8 months for ECOG PS 2–3 group (HR 5.5; 95% CI, 
9.1–50.3; t = 0.0001; Figure 1, top). When the poor performance 
status group was subdivided into ECOG PS 2 versus ECOG PS 3, the 
median OS for ECOG PS 2 and ECOG PS 3 was 2.3 months versus 0.7 
months, respectively (HR 2.4; 95% CI, 1.1–10.6; t = 0.005; Figure 1, 
bottom). 

 
 
3 TOXICITY  

 
The incidence of severe, life-threatening or fatal (CTCAE version 
4 grade 3–5) treatment-related adverse events or immune-related 
adverse events did not differ significantly between the two groups (RR 
0.30, t = 0.58 and RR 2.04, t = 0.15, respectively; Table 3). 

There was one patient in the ECOG PS 3 group where a treatment- 
related death could not be excluded: a 62-year-old woman with 
metastatic melanoma to lungs, bone, liver and lymph nodes. She 
presented with breathlessness and hypoxia after two doses of anti- 
PD1 and was found to have an increase in pulmonary infiltrates, 
which did not respond to high-dose corticosteroids or antibiotics. 
Although she had bilateral pulmonary metastases, an immune-related 
pneumonitis could not be excluded. Of note, there were no other grade 
2–4 immune-related adverse events in the poor performance group. 
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TABLE 1 Baseline demographic and disease characteristics 
 

ECOG PS 0–1 
Characteristics (n = 58) 

 
(%) 

ECOG PS 2 
(n = 16) 

 
(%) 

ECOG PS 3 
(n = 8) 

 
(%) 

Median age (range) (year) 60 (30–88)  73.5  54.5  
  (36–88)  (36–79)  

Male sex, no. (%) 36 (62) 13 (81) 4 (50) 

Elevated LDH>1xULN 22/33 (67) 10/10 (100) 5/5 (100) 

LDH Not recorded 25  6  3  

Metastasis stage, no. (%)      

IIIC 2 (3) 0 (0) 0 (0) 

M1a 4 (7) 1 (6) 0 (0) 

M1b 14 (24) 2 (13) 1 (13) 

M1c 38 (66) 13 (81) 7 (88) 

Central nervous system Metastases, no. (%)      

Brain 9 (16) 6 (38) 0 (0) 

Leptomeningeal 2 (3) 1 (6) 0 (0) 

Subtype      

Cutaneous 37 (64) 11 (68) 6 (75) 

Mucosal 7 (12) 2 (13) 0 (0) 

Acral 1 (2) 0 (0) 1 (13) 

Ocular 5 (9) 0 (0) 0 (0) 

Unknown primary 8 (14) 3 (19) 1 (13) 

Line of previous systemic therapy      

0 7 (12) 1 (6) 1 (13) 

1 26 (45) 8 (50) 2 (25) 

2 12 (21) 3 (31) 5 (63) 

3 or more 13 (22) 4 (25) 0 (0) 

 
TA B L E 2 Tumor responses after anti-PD1 treatment 

     

 ECOG PS 0–1 
(n = 58) 

 
(%) 

ECOG PS 2 
(n = 16) 

 
(%) 

ECOG PS 3 
(n = 8) 

 
(%) 

Tumor Response 23 (40) 2 (12) 0 (0) 

Stable disease 7 (12) 0 (0) 1 (12) 

Progressive disease 28 (48) 14 (88) 7 (88) 

Total 58  16  8  

 

1 PATTERNS OF HEALTH CARE IN THE 
LAST MONTH OF LIFE  

 
Fifty-two patients (57%) of the total cohort died. Of these, 26 had a 
baseline ECOG PS of 0–1, 21 were ECOG PS 2–3 and five had no base- 
line ECOG PS recorded and were excluded from analysis. Eighty-one 
percent of the ECOG PS 2–3 group received anti-PD1 antibody in the 
last month of life, compared with 46% of the ECOG PS 0–1 group 
(RR 1.75, t = 0.019; Table 4). Similarly, 90% of the patients of ECOG 
PS 2–3 were admitted to hospital in the last month of life, whereas 
only 52% of the ECOG PS 0–1 patients had hospital admissions  
(RR 1.73, t = 0.009). All hospitalization within the last month of life 
was for management of disease progression. The only apparent admis- 
sion for treatment related toxicity was the aforementioned case of 
the patient with pulmonary infiltrates post anti-PD1. Patients of poor 
baseline performance status ECOG PS 2–3 were more likely to die in 

an acute setting compared to those with good baseline performance 
status (62% vs 23% respectively; RR 2.68; t = 0.016). There was no sig- 
nificant difference in the proportion of patients who had an intensive 
care unit (ICU) stay in their last month of life between the ECOG PS 0– 
1 and ECOG PS 2–3 groups, with two patients in each group admitted 
to ICU in their last month of life. 

 
 

2 DISCUSSION  
 

We conducted a retrospective study into the real-world outcomes 
and end of life health care utilization patterns of melanoma patients 
treated with anti-PD1 antibodies. The ECOG PS 0–1 cohort included 
both patients naïve to systemic treatment and those heavily pre- 
treated but exhibited outcomes broadly similar to that of phase III 

trials with response rates of approximately 40%.2,3,12 However, our  
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TA B L E 3 Maximum grade of treatment related adverse event and immune-related adverse event 

 

CTCAE v4 ECOG ECOG ECOG  CTCAE ECOG ECOG ECOG  
adverse PS 0–1 PS 2 PS 3  immune-related PS 0–1 PS 2 PS 3 
event (n = 58) (%) (n = 16) (%) (n = 8) (%) adverse event (n = 58) (%) (n = 16) (%) (n = 8) (%) 

Grade 0 30 (52) 10 (63) 8 (100) Grade 0 37 (61) 15 (94) 7 (88) 

Grade 1 19 (33) 3 (19) 0 (0) Grade 1 12 (20) 1 (6) 0 (0) 

Grade 2 6 (10) 1 (6) 0 (0) Grade 2 2 (3) 0 (0) 0 (0) 

Grade 3 3 (5) 2 (13) 0 (0) Grade 3 9 (15) 0 (0) 0 (0) 

Grade 4 0 (0) 0 (0) 0 (0) Grade 4 0 (0) 0 (0) 0 (0) 

Grade 5 0 (0) 0 (0) 0 (0) Grade 5 0 (0) 0 (0) 1 (13) 

Total 58 16 8  Total 58 16 8  

 

TA B L E 4 Treatment and hospitalization within one month of life; place of death 
 

Patients, no. (%) 
 ECOG PS 0–1 (n = 26) ECOG PS 2–3 (n = 21) RR (95% CI) P value 

Treatment in the last month of life     

Yes 12 (46) 17 (81) 1.75 (1.04–2.56) 0.019 

No 14 (54) 4 (19)   

Hospital admission in the last month of life 

Yes 13 (52) 18 (90) 1.73 (1.10–2.16) 0.009 

No 12 (48) 2 (10)   

Place of death     

Acute hospital 6 (23) 13 (62) 2.68 (1.17–6.51) 0.016 

Not acute hospital 20 (77) 8 (38)   

Determined using the Chi-square test for the difference in proportions between ECOG PS 0–1 and ECOG PS 2–3 patients. 

 
outcomes for patients with baseline performance status of ECOG PS 
2–3 were poor compared to those of ECOG PS 0–1. In particular, ECOG 
PS 3 patients did not exhibit any radiological tumor response and had a 
median OS of only 0.7 months. The historic survival data for melanoma 
patients of poor performance status is lacking, as these patients are 
routinely excluded from clinical trials. In general, untreated advanced 
melanoma is associated with a prognosis of 6–10 months.13–15 Pooled 
survival data from EORTC melanoma trials prior to the era of anti- 
PD1 antibodies reported that patients with ECOG PS PS 1 with liver 
or gastrointestinal metastases had a median survival of 2.9 months.16 

Our dataset suggests that ECOG PS performance status remains a 
useful predictor of clinical outcome in the era of anti-PD1 treatment, 
in keeping with previous studies with chemotherapy. The paucity of 
responses in ECOG PS 2–3 patients might be reflective of the aggres- 
siveness of their disease and the majority of this cohort possessed both 
M1c staging and elevated LDH which conferred a worse outcome. Our 
findings show that patients of ECOG PS 3 had a very short survival 
after treatment with anti-PD1 antibodies and this is consistent with 
ASCO guidelines that recommend against the use of chemotherapy for 
patients with ECOG PS 3. 

Overall, this study provides some real-world data to enable clini- 
cians to have a more realistic discussion with their patients about the 
use of these agents in patients with poor performance status. This 
in turn may facilitate advanced care planning and discussions about 
end of life care, given the context of short survival and low response 
rate. In our cohort, the rate of severe or life-threatening toxicities 

did not differ greatly between ECOG PS 0–1 and ECOG PS 2–3. It 
is important to note that the toxicity rate is low in the poor perfor- 
mance group, although this could potentially be explained by the short 
duration on treatment and short survival. There is a perception that 
immunotherapy agents have lower toxicity rates than chemotherapy, 
and hence less likely to do harm even if the response rate is low. 
However, commencing immunotherapy may restrict the use of sup- 
portive medications such as corticosteroids because of concerns of 
reducing the efficacy of immunotherapy. This may pose a dilemma in 
management of cancer-related symptoms such as anorexia, nausea 
or lethargy, which are likely to benefit from corticosteroids. Impor- 
tantly, corticosteroids can also rapidly palliate symptoms from brain 
metastases, which can present in up to 75% of advanced melanoma 
patients. Withholding steroids potentially impairs symptomatic man- 
agement in these patients. Corticosteroid use patterns in the last 
month of life was not feasible in this study as patient received their 
end of life care in different locations (home, hospice or inpatient), 
however this would be an important parameter to consider in future 
studies. 

Furthermore, the atypical immune-related responses seen with 
immunotherapy agents compound the complexity of providing pal- 

liative care to patients with advanced cancers.17,18 Clinicians may 
feel compelled to continue immunotherapy and intensive supportive 
treatment despite such radiological progression even though only a 
minority of patients will have a delayed immune response. This poses 
challenges in decision making as to the appropriate level of aggressive  
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supportive medical management that should be offered given a 
minority of patients may indeed derive a durable response. However 
our data suggests that patients with ECOG PS 3 are unlikely to derive 
clinical benefit from anti-PD1 antibodies, and therefore may provide 
some framework for establishing the ceiling of care prior to embarking 
on such treatments. 

Given the short survival of patients with ECOG PS 2–3, we then 
sought to examine end of life care outcomes. Patients with ECOG PS 
2–3 experienced a higher rate of hospitalizations in the last month pre- 
ceding death and were more likely to die in an acute hospital setting. 
Part of the palliative care and hospice movement’s concern around the 
use of chemotherapies at the end of life is that they may interfere with 
achieving a “good death.”19,20 Consensus themes about good death 
raised three important indicators namely details of the death scene 
and preparation for death, pain-free status and emotional wellbeing. 
Given the poor survival with immunotherapy in ECOG PS 2–3 patients, 
clinicians may be encouraged to discuss end of life care preferences in 
these patients. However, this remains as always, a sensitive exploration 
of patient and family wishes, understanding and goals of care. 

Our study is limited by its single site retrospective design, heteroge- 
neous imaging modality for tumor assessment and small patient num- 
bers particularly in the ECOG PS 2 and 3 groups. However this study, 
to our knowledge, is the first to report on outcome, toxicity and health 
resource utilization in patients with poor performance status treated 
with anti-PD1 antibodies. This study highlights the need for ongoing 
research in this patient group as these exciting agents enter into rou- 
tine oncology practice. 

 
 
 
1 CONCLUSION  

 
Patients with poor baseline performance status have a significantly 
lower OS and reduced chance of response to anti-PD1 antibodies com- 
pared to patients with good performance status. The findings from 
this study provide real-world data to enable clinicians to have real- 
istic discussions with their patients about the use of these agents   
in patients with poor performance status. This in turn may facili-   
tate advanced care planning and discussions about end of life care, 
given the context of short survival and low response rate. Further 
studies of the quality of life outcomes and palliative care needs of 
patients with poor performance status undergoing immunotherapy 
compared to those who opt for symptom management alone are 
required. 
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4 Clinical biomarkers in patients with brain 

metastases treated with ICI 

4.1.1 Introduction 

Central nervous system (CNS) metastases are a common complication of melanoma, 

affecting approximately 30% of patients; and up to 70% of patients were found to have 

brain metastases in an autopsy series (1, 401).    Metastatic involvement of brain, spinal 

cord, leptomeninges are associated with significant morbidity and short survival 

approximating 4-5 months (1, 7).   

Recent advances have been made in the treatment of melanoma brain metastases, with 

improvements in overall survival in patients treated with ICI and targeted therapies (3, 

4, 244).  Prognostic biomarkers in melanoma brain metastases were identified prior to 

the development of effective systemic treatment; it is therefore not known whether these 

biomarkers will remain significant in the setting of ICI treatment (1, 2, 5-8).  This 

chapter will firstly review the traditional biomarkers in brain metastases, the evolving 

treatment paradigm for brain metastases and the potential prognostic candidates in the 

setting of ICI treatment.     

Traditional biomarkers in melanoma CNS metastases prior to introduction of ICI 

In recognition of the poor outcome associated with CNS involvement, the latest AJCC 

8th edition staging manual has denoted CNS involvement as a separate subgroup of 

Stage IV disease, as M1d (25).  Additionally, raised LDH is recognised as an 

independent marker of poor prognosis, even in patients with CNS involvement, and 

therefore is designated with the additional suffix of (1) (8, 25).    

Several large retrospective studies have reported on prognostic factors in patients with 

CNS metastases (1, 2, 5-8).  These studies have highlighted age, performance status, 

number of metastases, symptomatic metastases, status of extracranial disease as 

important prognostic factors.   

The Radiation Therapy Oncology Group Recursive Partitioning Analysis (RPA) is a 

validated prognostic score based on 3 factors: age < or >65, Karnofsky Performance 
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status< or >70, and status of extracranial disease (controlled or uncontrolled) (5, 6).  A 

retrospective survival analysis of 686 patients from the Sydney Melanoma Unit cohort 

(between 1985 to 2000) also showed that younger age was important for survival, in 

addition to those who had surgical treatment, lack of extracranial involvement, and a 

long time between melanoma diagnosis and development of cerebral metastasis (7).   

 

Unsurprisingly, multiple studies have shown that the higher the number of metastases, 

the worse the prognosis (1, 2).  743 patients treated at M.D. Anderson Cancer Centre 

between 1986-2004  found that  increased number of parenchymal lesions and >3 

intracranial lesions or leptomeningeal involvement was prognostic for poor overall 

survival; this was in addition to diagnosis before 1996 and development of extracranial 

disease after receiving systemic treatment (1).  Memorial Sloan Kettering Cancer Centre 

also reported on their retrospective cohort of 355 patients treated between 1991 and 

2003(2).  They found that >4 brain metastases, age>65, extracranial metastases, 

presence of neurological symptoms, were each independently significant in a 

multivariate analysis.  Another study of 265 patients treated at a German academic 

centre between 1986-2003 showed that a solitary metastasis was associated with good 

survival, independent of raised LDH, presence of bone metastases or local neurosurgical 

therapies (8).  Overall, these studies highlight that patients with fewer metastases have a 

better outcome.   

It must be acknowledged that the diagnostic modalities and treatment modalities 

available for brain metastases have changed over the course of these retrospective 

cohorts.  Patients with oligometastatic disease were previously managed with surgery 

(1, 2, 7).  Since the 1990s, stereotactic radiation has supplemented surgery as a 

treatment modality for oligometastatic disease.  Patients with multiple metastases were 

otherwise treated with whole brain radiation or systemic treatments (mainly 

investigational agents and cytotoxic chemotherapies that had minimal survival benefit).  

Patients who were not candidates for whole brain radiation due to poor performance 

status or comorbidities were managed symptomatically with steroids and best 

supportive care.  Importantly, the systemic treatments such as ICI and molecularly 

targeted therapies that have drastically improved survival of metastatic melanoma, 

became available from the early to mid-2000s (169, 170, 257).  Despite these active 

systemic agents, brain and CNS metastases remain a challenging site with a lower rate 
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of treatment response compared to extracranial sites.  The literature regarding 

contemporary systemic treatment of brain metastases will be summarised below.      

Treatment for CNS metastases  

Traditionally the central nervous system was considered a sanctuary site to systemic 

cytotoxic therapies. Temozolomide is able to cross the blood brain barrier but despite 

this, it was associated with low response rate and had minimal impact on survival (402).  

In a multi-centre phase II clinical trial of 151 patients treated with Temozolomide, only 

7% of patients had a partial response and 29% had stable disease (402).  The median 

overall survival was 3.4 months in this study.     

Molecularly targeted therapy has shown significant activity for CNS metastases.  

Firstly, dabrafenib monotherapy was evaluated in a phase II study, BREAK-MB.  In 

139 patients with BRAFV600E mutated melanoma brain metastases, dabrafenib 

monotherapy had an intracranial response rate of 39% and a 6-month overall survival of 

61%.  Combination of BRAF and MEK inhibition had a higher response than BRAF 

monotherapy in metastatic melanoma without brain metastases; consequently, therapy 

was a rational treatment for intracranial disease (86).  This combination was evaluated 

in the COMBI-MB study, where combination dabrafenib and trametinib were assessed 

in a multi-centre, phase II trial for melanoma brain metastases.  Patients were treated 

within 4 cohorts: A) BRAFV600E mutated asymptomatic brain metastases with no 

previous local treatments, B) BRAFV600E asymptomatic brain metastases with 

previous local therapy, C) BRAFV600D/K/R  asymptomatic brain metastases and D) 

patients with poor performance status regardless (ECOG 0, 1 or 2) of BRAFV600 

mutation subtype (E/D/K or R) and regardless of local therapy.  Intracranial responses 

observed were 44/76 (58%), 9/16 (56%), 7/16 (44%), 10/17 (59%) in each cohort 

respectively.  6-month PFS was 44%, 71%, 31% and 46% and 6-month OS was 81%, 

69%, 88% and 79% respectively in each cohort.  12-month PFS of 19%, 47%, 16% and 

8% and 12-month OS was 46%, 69%, 44%, 44% respectively.  This study showed a 

high intracranial response rate, albeit short duration of disease control.    

Durable responses have been observed with ICI for patients with metastatic melanoma 

but these studies have routinely excluded patients with active intracranial metastases 

(169).  A number of studies have attempted to evaluate ICI for patients with melanoma 

brain metastases (403).  Ipilimumab (10mg/kg) was evaluated in a phase II study in 
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melanoma brain metastases of 0.5-3cm (2 or more 0.3cm lesions on MRI were 

permissible) (241). In this study, previous whole brain radiation needed to be completed 

14 days prior to study entry, and stereotactic radiation was permissible but not to the 

index lesion.  Intracranial response rates were 24% in asymptomatic patients and 10% 

in symptomatic patients.  Median intracranial and overall PFS was under three months 

in both symptomatic and asymptomatic patients.  Median overall survival was 7.0 

months in asymptomatic patients and 3.7 months in symptomatic patients.  For 

asymptomatic patients, 6-month and 12-month overall survival was 55% and 31% 

respectively.  Diarrhoea was the most common treatment toxicity (12% grade 3 in 

asymptomatic patients). 

Limited data were available about the use of single agent anti-PD-1 in the treatment of 

brain metastases.  One phase II study of pembrolizumab 10mg/kg in untreated brain 

metastases included 18 patients with untreated melanoma.  Pembrolizumab was 

associated with an objective response in 4 (22%) of 18 patients (404).  Following this 

small prospective study, two larger phase II studies subsequently reported on the use of 

combination anti-CTLA4 and anti-PD-1 specifically in melanoma brain metastases.   

The Anti-PD1 Brain Collaboration (ABC) clinical trial is a multi-centre phase II 

randomised study of combination nivolumab and ipilimumab versus nivolumab 

monotherapy in patients with melanoma brain metastases (3).  The study had 3 cohorts: 

A) untreated asymptomatic patients randomised to combination nivolumab and 

ipilimumab; B) untreated asymptomatic patients randomised to nivolumab monotherapy 

and C) patients whose disease had progressed on previous local therapy or patients who 

were symptomatic and were randomised to nivolumab monotherapy.  The primary 

endpoint of the study was intracranial response at 12 weeks.  16 (46%) of 35 patients in 

cohort A had an objective response, compared to 5 (20%) out of 25% in cohort B and 1 

(6%)  of 16 patients in cohort C.  At a median follow-up of 17 months, the median 

intracranial PFS was not reached in cohort A; 2.5 months in cohort B and 2.3 months in 

cohort C.  The median overall survival was not reached in cohort A;  18.5 months in 

cohort B and 5.1 months in cohort C.  Overall survival at 6 months was 78% for cohort 

A, 68% for cohort B and 44% for cohort C.  Grade 3 treatment related adverse events 

were reported in 19 (54%) patients in cohort A, 4 (16%) patients in cohort B and 

2(13%) patients in cohort C.  Three (9%) grade 4 treatment related events occurred in 

cohort A whereas there were none in cohorts B & C.  This study was the first to 
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demonstrate the high intracranial response rate from combined ICI.  Even though the 

study was not powered for comparative survival statistics, this study established 

combination ICI as the standard of care treatment for untreated melanoma brain 

metastases.   

CHECKMATE204 is the second phase II study to report on combined ICI in melanoma 

brain metastases.  This study is a multi-centre, phase II trial of ipilimumab with 

nivolumab in patients with non-irradiated asymptomatic brain metastases of 0.5cm-3cm 

on MRI (4).   Patients received ipilimumab 3mg/kg in combination with nivolumab 

every three weeks for four doses (induction), followed by nivolumab 3mg/kg fortnightly 

(maintenance treatment).  Primary endpoint was the rate of the intracranial clinical 

benefit rate at 6 months (including stable disease, partial response and complete 

response).  94 patients had intracranial response rate of 57% (95% CI 47-68), the rate of 

complete response was 26%, the rate of partial response was 30% and the rate of stable 

disease was 2%.  Twenty additional symptomatic patients were enrolled but the median 

follow up of this group of patients is less than six months and therefore not included in 

the published analysis.  Sixteen (17%) of patients received BRAF inhibitors, MEK 

inhibitors or both.  Eight (9%) patients received stereotactic radiation before study 

enrolment.  Interestingly, the rate of clinical benefit was higher in patients with raised 

lactate dehydrogenase (67% vs. 51%), and higher in patients with high tumoural PD-L1 

expression>5% (76% vs. 48%).  Reported survival analyses were 6-month and 9-month 

progression free survival of 64.2% and 59.5% for intracranial assessments, and 61.1% 

and 56.6% for global assessments.  6-month and 9-month survival rates were 92.3% and 

82.8% respectively.  In terms of toxicity, grade 3 to 4 treatment related adverse events 

occurred in 55% of patients, including one death due to immune mediated myocarditis. 

Nineteen (20%) patients discontinued treatment due to toxicity.  Neurological adverse 

events were present in 34 (36%) patients, 7% of whom experienced grade 3 to 4 in 

severity.  The most commonly treated related adverse event was headache (22%), while 

the other grade 3 to 4 CNS treatment adverse events include 2% brain oedema, 1% 

intracranial haemorrhage and 1% peripheral motor neuropathy.  The study provided 

further supportive evidence for combined ICI for untreated melanoma brain metastases.    

The optimal sequence of ICI and targeted therapy in melanoma brain metastases is not 

known.  As with systemic melanoma, there is no randomised study to directly compare 

molecularly targeted treatment versus ICI for the treatment of BRAF mutated brain 
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metastases.  Acknowledging the possible selection bias with different inclusion criteria 

for the different studies, it appears that targeted therapy of brain metastases has a 

comparable response rate of approximately 50%, but the duration of response is short.  

Furthermore, the rates of response to ICI were numerically lower in patients who have 

received previous BRAF/MEK inhibitors.  Improving the understanding of biomarkers 

for each of the treatments in patients with brain metastases may establish an optimal 

treatment sequence.   

Clinical biomarkers for patients with melanoma brain metastases treated with ICI 

Data on biomarkers for patients with melanoma brain metastases treated in the era of 

immune checkpoint inhibitors are limited.  It is not known whether the prognostic 

biomarkers identified in the aforementioned studies prior to the introduction of ICI 

would remain significant.  A more contemporary study of 79 patients treated at the 

California Pacific Medical Center and San Francisco Oncology Associates between 

2011 and 2015 was performed, where the median overall survival was 12.8 months.  

Male sex, cerebellar metastasis, higher number of brain lesions, and treatment with 

whole-brain radiation therapy were identified as associated with reduced survival (405). 

The authors also reported that treatment with craniotomy, stereotactic radiosurgery, or 

with anti-PD-1 antibody was associated with improved survival.  However, only 8 

(10%) of 79 patients in this study received combination ipilimumab and nivolumab as 

systemic treatment for their brain metastases, despite it being a standard of care 

treatment.  Lastly, there are no known factors associated with toxicity from systemic 

treatments for brain metastases.   

This chapter is an exploratory post-hoc analysis of the ABC clinical trial and attempts to 

identify prognostic factors for response, survival and toxicity for patients with 

melanoma brain metastases treated with ICI.  The hypothesis is that traditional 

biomarkers such as age, performance status, high intracranial or high extracranial 

disease burden will remain important for outcome after ICI.  An additional hypothesis is 

that other clinical factors associated with outcome after ICI for non-CNS melanoma as 

discussed in the literature review for the thesis will remain significant for outcome after 

ICI for intracranial disease.  These factors include LDH, site of metastatic involvement 

(subcutaneous, lung, liver, bone, adrenal or splenic involvement), baseline markers of 

inflammation (anaemia, raised white cell count, raised platelet count, low albumin, high 
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CRP, high neutrophil: lymphocyte ratio>5) and increased body mass index (BMI).  

Lastly, there is a paucity of data for clinical factors associated with toxicity in ICI in this 

population of patients, so it would be important to study whether these prognostic 

factors are also associated with treatment toxicity.   

4.1.2 Aims 

The aims of the study were:  

1. To identify prognostic factors associated with clinical outcome (response 

rate, PFS, OS) in patients treated with ICI for asymptomatic melanoma brain 

metastases 

2. To identify factors associated with treatment toxicity in patients treated with 

ICI for asymptomatic melanoma brain metastases  

4.1.3 Results 

In the ABC clinical trial, 35 patients in Cohort A received combination ipilimumab and 

nivolumab treatment arm, and 25 patients in Cohort B received nivolumab monotherapy 

(3).  The study schema is shown in Figure 4.1  Simplified study schema of the Anti-PD-

1 in Brain Collaboration clinical trial (1) and only the asymptomatic patients were 

included in this post-hoc analysis (i.e. Cohort A & B).  A summary of the patient 

demographics, treatment outcomes and toxicities at 120 days are presented in Table 4.2 

and Table 4.3 respectively.   

For the purpose of the post-hoc biomarker analysis, 50 clinical factors and blood 

parameter variables considered as potential biomarker candidates, are listed in Table 

4.1.  The three main categories of biomarkers explored included 1) traditional 

prognostic factors in melanoma brain metastases; 2) patient, disease and treatment 

factors as well as 3) pre-treatment blood tests.  Continuous candidate variables were 

explored continuous variables, dichotomised at the median of the cohort into ‘low’ or 

‘high’ groups or split by clinically relevant thresholds.  For continuous variables 

examined for the whole cohort, the mean, median, range and IQR are presented in Table 

4.3.     

Clinical and tumour characteristics 
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The candidate factors explored include traditional prognostic factors in brain metastases 

including age, performance status, intracranial and extracranial disease.  The median 

age for the cohort was 63 years (range 29-86 years).  There were 7 (20%) patients in the 

combination group, and 9 (36%) patients in the anti-PD1 monotherapy group with 

performance status ECOG 1 or more.  The baseline intracranial burden was assessed 

either by the number of intracranial metastases (>3 intracranial lesions) or as target sum 

of diameter (SOD) of intracranial disease as measured by RECIST criteria (mm).  There 

were 21 (60%) patients in the combination group and 12 (48%) patients in the anti-PD-1 

monotherapy group with 3 or more brain metastases.  The median SOD of intracranial 

disease in the whole cohort was 27mm (range 5-90mm), 19mm (range 5-81mm) in the 

combination cohort, and 17mm (range 5-90mm) in the monotherapy cohort).  The 

median SOD of the extracranial disease was 82mm (range 10-255mm), 89mm (range 

10-255mm) in the combination cohort, 46mm (range 17-192mm) in the monotherapy 

cohort.    

Pre-treatment laboratory tests 

The pre-treatment laboratory tests include some known prognostic factors such as LDH, 

neutrophil: lymphocyte ratio or C-reactive protein, which have been proposed as being 

prognostic in ICI treated patients.  LDH was elevated in 18 (51%) patients in the 

combination cohort and 14 (56%) patients in the anti-PD-1 monotherapy cohort.  The 

NLR was abnormal (>5) in 3 (10%) patients in the combination cohort and 2 (10%) in 

the anti-PD-1 monotherapy cohort.  CRP>5 was present in 24 (69%) of the combination 

cohort, and 15 (60%) of the anti-PD-1 monotherapy cohort.  The other laboratory tests 

for the whole cohort (combination and monotherapy cohorts together) are described in 

Table 4.3.   

Tumour response 

At data-cut off (28th August 2017) (3), with a median follow up of 17 months (IQR 8-

25), intracranial response was achieved by 16 (46%) of 35 patients in Cohort A, 5 

(20%) of 25 in Cohort B.  CRP as a continuous variable was the only factor associated 

with low response in the combination cohort (odds ratio 0.93, 95% CI 0.86-0.99, 

p=0.04) but not in the monotherapy cohort.  No factors were statistically significant in 

association with response in the monotherapy cohort.    
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Survival analyses 

The median intra-cranial PFS was 5.7 months in Cohort A, and 2.6 months in Cohort B, 

while the median OS was not reached in Cohort A, and was 18.5 months in Cohort B.  

Treatment-related adverse events were experienced by 34 (97%) of 35 patients in 

Cohort A, and 17 (68%) of 25 patients in Cohort B.  For PFS in the combination cohort, 

CRP as a continuous variable (HR 1.1, 95% CI 1-1.1, p<0.01), ALP as a continuous 

variable (HR 1, 95% CI 1-1.1, p=0.02) and high ALP > 88U/L (median of cohort) (HR 

2.7, 95% CI 1.1-6.7) were associated with poor PFS in the univariate analysis.  Only 

CRP remained significant in the multivariable analysis (HR 1.07, 95% CI 1.01-1.11, 

p=0.006).    

For PFS in the monotherapy cohort, the following factors were significant in the 

univariate analysis but none of these factors remained significant in the multivariable 

analysis: CRP (HR 1.1, 95% CI 1-1.1, p=0.006), high CRP>26mg/L (median of the 

cohort) (HR 6.5, 95% CI 1.6-27, p=0.009), extracranial disease> 71mm (median target 

SOD by RECIST for cohort) (HR 4, 95% CI 1.4-12, p=0.012), LDH>upper limit of 

normal (HR 3.2, 95% 1.3-9.8, p=0.012), neutrophil count as a continuous variable (HR 

1.2, 95% 1-1.5, p=0.039), white cell count as a continuous variable (HR 1.2, 95% CI 1-

1.4, p=0.043).   

For PFS in the whole cohort, CRP as a continuous variable (HR 1, 95% CI 1-1.1, 

p<0.001), CRP>median (HR 2.6, 95% CI 1.2-5.3, p=0.011) and ALP>median (HR 2, 

95% CI 1-3.7, p=0.038) were statistically significant in the univariate analysis.  Only 

CRP remained significant in the multivariable analysis (HR 1.07, 95% CI 1.01-1.12, 

p=0.01).   

For OS in the combination cohort, CRP (HR 1.1, 95% 1-1.1, p=0.0043), CRP>median 

(HR 4.6, 95% CI 1.2-17, p=0.024), ALP>median (HR 3.5, 95% 1.1-11, p=0.032) were 

statistically significant in the univariate analysis.  Only CRP remained significant in the 

multivariable analysis (HR 1.08, 95% CI 1.02-1.14, p=0.01).  For OS in the 

monotherapy cohort, white cell count>median (HR 4.8, 95% CI 1.2-19, p=0.023), 

Hb<100g/L (HR 11, 95% CI 1-130, p=0.046) , and lymphocyte>median (HR 3.5, 95% 

CI 1-12, p=0.048) were associated with poor OS in the univariate analysis.  Only 

Hb<100g/L was associated with poor OS in the multivariable analysis (HR 39, 95% CI 

2.59-609.30, p=0.008).   
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For the OS in the whole cohort, the following factors were statistically significant in the 

univariate analysis: ALP (HR 1, 1-1.1, p=0.002), CRP (HR 1.1, 95% CI 1-1.1, 

p=0.002), LDH>median (HR 3.2, 95% CI 1.4-7.4, p=0.006), ALP>median (HR 2.9, HR 

1.3-6.4, p=0.010), LDH>upper limit of normal (HR 3.1, 95% CI 1.3-7.5, p=0.012), 

CRP>median (HR 3.4, 95% CI 1.3-9.2, p=0.014), Hb<100g/L (HR 6.5, 95% CI 1.4-31, 

p=0.018), LDH (HR 1, 95% CI 1.1, p=0.02), white cell count>median (HR 2.4, 95% CI 

1.1-5.4, p=0.034).  Only CRP (HR 1.13, 95% CI 1.01-1.25, p=0.026) and raised white 

cell count >median (HR 3.07, 95% CI 1.01- 9.38, p=0.049) remained significant in the 

multivariable analysis.  See Table 4.4 for details.  The two significant variables of CRP 

and white cell count>median can be used to stratify the cohort into three prognostic 

groups.  Figure 4.2 Kaplan-Meier curve of overall survival stratified by C-reactive 

protein (CRP) and white cell count (WCC) shows the Kaplan-Meier survival curve for 

the entire cohort when stratified by these two variables.   

Toxicity analyses 

For landmark toxicity at 120 days in the whole cohort, higher toxicity grade 1-3 was 

associated with combination therapy.  Previous BRAF inhibitor was associated with 

lower risk of grade 1 toxicity (OR 0.17, 95% CI 0.05-0.67, p=0.01).  Higher risk of 

grade 3 toxicity was associated with hypernatraemia (OR 1.27, 95% CI 1.03-1.64, 

p=0.04) and BMI>30 (OR 3.33, 95% 1.03-11.26, p=0.05).    

4.1.4 Discussion 

This exploratory retrospective analysis has identified CRP as a possible prognostic 

biomarker for OS in patients treated with ICI for brain metastases in the ABC study(3).  

Although hypothesis generating, this analysis is limited by its small sample size and 

requires external validation.  Furthermore, a large number of candidate factors were 

investigated in the statistical modelling, which may have led to a high false discovery 

rate.   

C-reactive protein 

In this exploratory analysis, raised CRP was associated with poor overall survival in the 

whole cohort (both in the combination and the monotherapy cohort).  CRP was also 

associated with low response rate and short PFS in the combination cohort but not the 

monotherapy cohort.  When considering all patients within the study, CRP and raised 
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white cell count were able to stratify patients into 3 prognostic groups of good, 

intermediate and poor prognosis.  However, these findings are limited as CRP was not 

available in approximately one third of patients (26% of patients in the combination 

cohort and 32% of the patients in the monotherapy cohort).  Furthermore, there were 

only 4 patients with normal CRP and these patients had excellent outcome, which could 

heavily bias the analysis.  CRP has long been recognised to be associated with poor 

prognosis in a variety of cancer types, including melanoma (406-411).  Fang et al 

(410) showed that plasma CRP 10 mg/L or greater was predictive of poorer survival 

among patients with Stage I/II or stage III/IV melanoma, and of an elevated rate of 

recurrence among those with early-stage disease. A second study in melanoma used 

serum CRP cut-off of 3mg/L to further stratify patients with AJCC 7th edition Stage IV 

melanoma into good and poor prognostic groups (11, 412).  These previous studies did 

not specify the systemic treatments used but these studies were reported prior to the 

widespread availability of ICI.  Thus it is not known whether CRP would remain 

prognostic in patients treated with ICI, nor how it may apply to patients with melanoma 

brain metastases (410, 412).   

Some retrospective studies have evaluated the role of peripheral blood inflammatory 

markers and its association with outcome after ICI.  High neutrophil to lymphocyte 

ratio, regarded as a marker of generalised inflammation, has been associated with poor 

prognosis in the ICI setting (270, 413).  A more recent retrospective analysis by Weber 

and colleagues (273) evaluated CRP and serum IL6 levels in patients with metastatic 

melanoma treated in prospective clinical trials of Checkmate 064, Checkmate 066 and 

Checkmate 067 (172, 189, 273, 379).  Checkmate 064 is a phase II randomised study of 

sequential ipilimumab and nivolumab with a pre-specified switch; Checkmate 066 is a 

randomised phase III study of nivolumab versus dacarbazine, and Checkmate 067 is a 

randomised phase III study of nivolumab and ipilimumab versus nivolumab.  Raised 

CRP and IL6 levels at baseline prior to ICI were associated with low response and poor 

survival.  The number of patients included in each analysis was not specified in the 

presentation abstract.  The authors reported that serum CRP>median was associated 

with short survival in the nivolumab cohort of Checkmate 064 (p=0.0001), as well as 

short survival in the dacarbazine cohort in Checkmate 066 (p=0.001) but not the 

nivolumab cohort(p=0.131).  CRP>median was associated with short survival in the 

ipilimumab and combination cohort (p<0.0001 and p=0.0034) but was non-significant 



96 
  

in the nivolumab cohort (p<0.11).  In summary, high CRP was associated with survival 

in combination (ipilimumab and nivolumab) treated patients; but rather curiously, high 

CRP was associated with poor outcome in anti-PD-1 treated patients in one of the three 

studies.  Baseline IL6 was associated with low response (p=0.03) and short OS in 

Checkmate 064 (p=0.003).  Raised IL6 at 12 weeks was associated with low response in 

the nivolumab (p=0.004) and ipilimumab (p=0.006) arms.  Week-12 IL6 levels greater 

than the median were associated with short OS in the nivolumab (p=0.003) and 

ipilimumab (p=0.0001) arms.  Baseline IL6 was significantly associated with CRP (rho 

0.71, p=0.001).  Authors also reported that high CRP>10mg/L was associated with T 

cell suppression and reduced calcium flux within T cells in in vitro studies.  This study 

has not yet been published in a peer review journal.  All of these studies 

(Checkmate064, Checkmate 066 and Checkmate 067) excluded patients with active 

brain metastases. Given these intriguing results, CRP is worthy of further investigation 

in the context of patients with brain metastases.    

CRP is an acute phase inflammatory protein which is produced in hepatocytes in 

response to cytokines, mainly IL6 as part of the innate immune response (414, 415).  

IL6 is produced both by T cells, monocytes or macrophages, fibroblasts, endothelial 

cells or by the tumour itself (415-419).  Given the poor prognosis associated with 

elevated levels of CRP and IL6, attempting to neutralise or inhibit these blood 

cytokines/acute phase reactant is a rational therapeutic strategy in melanoma.  IL6 can 

be targeted with other ICI such as tocilizumab;  indeed, at the time of writing, there is 

an actively recruiting phase II study of tocilizumab in combination with ipilimumab and 

nivolumab in patients with untreated metastatic melanoma (ClinicalTrials.gov 

Identifier: NCT03999749). 

CRP has not yet been evaluated in patients treated with BRAF and MEK inhibitors.  

Given the poor outcome observed with elevated CRP and IL6 in patients treated with 

ICI, it would be important to evaluate whether this is also seen in patients treated with 

molecularly targeted treatments.  If these blood parameters prove not to be prognostic in 

molecularly treated patients, then it may be possible to use CRP as a test to guide the 

sequence of treatments, i.e. use targeted therapy first in patients with high CRP.  This 

treatment strategy would need to be tested in a prospective clinical trial.              

Traditional prognostic biomarkers in melanoma brain metastases 
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In our analysis, the traditional prognostic factors for melanoma CNS metastases such as 

age>65, intracranial disease burden and performance status were not associated with 

outcome after ICI treatment.  In terms of age as a prognostic factor, our findings are 

consistent with a retrospective series of 254 patients treated at two academic centres, 

where ICI remained efficacious regardless of age and no difference in survival was 

observed in older patients (420).   

Performance status has been associated with reduced treatment response and shorter 

survival in retrospective and prospective studies of patients treated with anti-PD-1 for 

melanoma (259, 397).  Importantly, patients in cohort C of the ABC study (i.e. patients 

where local therapies have failed or who are symptomatic or who have leptomeningeal 

disease) were excluded from our exploratory analysis.  It is likely that patients with 

symptomatic or leptomeningeal disease had lower baseline performance status than the 

patients included in cohort A & B.  Therefore, the assessment of performance status was 

only limited to a comparison of PS 0 compared to PS 1 in this retrospective analysis, 

and that was not associated with outcome after ICI.  Patients with symptomatic CNS 

disease remain a challenging subgroup in clinical practice and presenting an area of 

need for novel therapeutic options.   

Lastly, the number of brain metastases was not significantly associated with PFS or OS 

in contrast to retrospective series of patients prior to the immunotherapy era (1, 7, 8).  

The number of metastases may have lost its prognostic significance as patients with 

isolated metastases may have been treated with local therapies rather than enrolled into 

a study of systemic treatments. Furthermore, contemporary diagnosis of brain 

metastases is likely to involve routine MRI imaging which would detect tumours when 

they are of small volume, so the number of metastases may be high (>3 intracranial 

lesions) but remain small volume and asymptomatic.  This again raises the potential 

benefit of routine surveillance for CNS involvement in order to detect patients with 

small volume metastases so that therapy can be commenced prior to the development of 

symptoms.     

Biomarkers for ICI toxicity in patients with brain metastases treated with ICI 

Unsurprisingly, treatment with combination nivolumab and ipilimumab was associated 

with higher risk of toxicity in this analysis, as has been demonstrated in multiple 

prospective studies (177, 190, 421).  In this exploratory analysis, increased BMI was 
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associated with higher risk of grade 3 toxicity in the combination cohort.  Increased 

BMI has been associated with higher response rate and better outcome in melanoma 

treated with ICI, but higher risk of toxicity has not been previously reported (422).  It is 

possible that those who respond would remain on treatment for a longer duration and 

therefore have a greater chance of developing toxicity.  However increased BMI was 

not associated with higher response rate or improved survival in the analysis of patients 

treated in the ABC study.  Hypernatraemia was also associated with higher risk of 

developing grade three toxicity in the combination cohort.  This has not previously been 

recognised as a risk factor in the literature.  Sodium derangements have been observed 

in association with other immune related endocrinopathies, such as cortical 

insufficiency or dehydration from immune related colitis but again baseline sodium 

abnormalities have not been reported previously (423, 424).  In this analysis, high CRP 

was not associated with higher risk of developing treatment toxicity. Overall, CRP was 

associated with response and survival but not with toxicity.   

When analysing the factors associated with toxicity in each treatment cohort, raised 

white cell count (as a continuous variable as well as WCC greater than the median of 

the cohort) and high intracranial disease burden (baseline sum of longest intracranial 

metastases>median of the cohort) was associated with a lower risk of grade 3 toxicities 

in the combination arm.  Even though raised white cell count has been shown to be 

associated with increased response, it has not been previously reported as a marker of 

toxicity (425).  Similarly, ALP greater than 88 IU/L (median of the cohort) and previous 

BRAF inhibitor use were both associated with lower risk of grade 1 toxicity in the 

monotherapy cohort. Small retrospective series have reported on reduced 

responsiveness to  ICI after previous BRAF targeted therapy, so this may potentially 

result in patients remaining on ICI therapy for a shorter duration (thus with subsequent 

lower rates of toxicity) (426, 427).  ALP has not been previously reported in association 

with toxicity to anti-PD-1 therapy.  Again, one must be cautious in the interpretation of 

these findings, given the high number of candidate factors assessed in relation to 

toxicity outcomes and the potential for false discovery.  These findings are hypothesis 

generating and require validation.      
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4.1.5 Conclusion 

In this exploratory analysis, CRP was associated with low response, poor PFS, poor OS 

in patients with asymptomatic melanoma brain metastases.  Raised white cell count was 

also associated with poor OS in the whole cohort.  Raised CRP and high white cell 

count are two factors that can be used to stratify patients with melanoma brain 

metastases into good, intermediate and poor prognosis groups.  CRP was not associated 

with toxicity, whereas treatment with combination ICI, increased BMI>30 and 

hypernatraemia were associated with grade 3 toxicity at 120 days post treatment.  This 

exploratory analysis is limited due to its retrospective, post-hoc nature and small sample 

size.  These findings need to be validated in an independent cohort, but potentially these 

readily available clinical parameters could be used to stratify patients in prospective 

trials if validated.     
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4.1.6 Tables 

Table 4.1 Candidate biomarkers considered in the post-hoc analysis of Anti-
PD1 Brain Collaboration study 

  

Traditional prognostic factors in melanoma brain metastases  

Age>65 years 
Age>median of 
cohort (=63 years) ECOG PS>0   

Target Intracranial 
RECIST sum of 
diameters (mm) 

Target extracranial 
RECIST sum of 
diameters (mm) 

Target Intracranial 
RECIST sum of 
diameters 
(mm)>median 

Target extracranial 
RECIST sum of 
diameters 
(mm)>median 

Number of 
intracranial 
metastases = 3 or 
more 

Patient, disease and treatment factors 

Gender BMI BMI>30 BRAF mutation 
Previous BRAF 
treatment 

Lung involvement Liver involvement 
Adrenal 
involvement 

Lymph node 
involvement 

Spleen 
involvement 

Bone involvement 
Subcutaneous 
involvement    

Pretreatment laboratory tests  

Hb (continuous) Hb<100 Hb>median   
Platelets 
(continuous) Plt>median    
White cell count 
(continuous) 

White cell 
count>median 

Neutrophils 
(continuous) Neutrophils>median  

Absolute 
Lymphocyte Count 
(continuous) ALC>median 

Lymphopenia 
(ALC<1.0) NLR (continuous) High NLR (>5) 

Sodium (continuous) 
Hyponatraemia 
(Na<135) ALP (continuous) AST (continuous) TSH>median 

Total protein 
(continuous) TP>median 

Albumin 
(continuous) Albumin>median Albumin<35 

LDH (continuous) Elevated LDH LDH>median   

CRP (continuous) CRP>median High CRP (>5)   
ECOG PS, European Cooperative Oncology Group Performance Status; 
BMI, Body Mass Index; Intracranial RECIST, sum of measurable 
intracranial disease by RECIST criteria version 1.1; Extracranial RECIST, 
sum of measurable extra-cranial disease by RECIST criteria version 1.1; Hb, 
Haemoglobin; Plt, platelets; ALC, Absolute Lymphocyte Count; ALP; 
Alkaline phosphatase; AST; Aspartate transaminase; TP, Total Protein; 
TSH, Thyroid stimulating hormone; LDH, Lactate Dehydrogenase; CRP, C 
Reactive Protein; NLR Neutrophil to Lymphocyte Ratio
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Table 4.2 Patient demographics 

 
     Cohort A      

(ipi/nivo) 

 n=35 

 %    Cohort B  
(nivo) 

 n=25 

 % 

Demographics         

Age (median)   59     63   

Sex (male)   29 83   19 76 

BRAF mutation   19 54   14 56 

  Previous BRAF treatment   8 23   6 24 

ECOG>0   7 20   9 36 

BMI             

BMI>30   20 57   8 32 

LDH             

LDH>ULN   18 51   14 56 

 

Number of brain metastases             

  1   11 31   6 24 

  2   3 9   7 28 

  >3   21 60   12 48 

Median Target Intracranial 
RECIST sum of diameters 
(mm) 

  19     17   

Median Target Extracranial 
RECIST sum of diameters 
(mm) 

  89     46   

Sites of metastasis             

  Lung   21 60   10 40 

  Liver   18 51   7 28 

  Bone   2 6   1 4 
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Median White cell count 
(WCC) 

  8     7   

CRP             

 Median CRP   27     23   

 High CRP (>5)   24 69   15 60 

 Missing CRP   9 26   8 32 
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Table 4.3 Continuous variables considered in survival and toxicity 
analyses 

Continuous variables Mean Median Range IQR 
Age 60 63 [29, 86] [53, 71] 
BMI 27 27 [17, 35] [25, 31] 
Target Intracranial RECIST sum of diameters (mm) 27 19 [5, 90] [13, 32] 
Target extracranial RECIST sum of diameters (mm) 82 71 [10, 255] [33, 118] 
Haemoglobin 142 141 [107, 173] [130, 149] 
Platelet 259 258 [124, 504] [211, 299] 
White cell count 7.3 7.0 [3.0, 17.0] [5.0, 9.0] 
Neutrophil count 4.5 4.0 [1.0, 15.0] [3.0, 5.0] 
Absolute lymphocyte count (ALC) 1.2 1.0 [0.0, 3.0] [1.0, 2.0] 
Neutrophil: Lymphocyte Ratio (NLR) 3.6 3.0 [1.0, 15.0] [2.0, 4.0] 
Thyroid stimulating hormone (TSH) 1.7 1.4 [0.1, 11.2] [0.9, 2.0] 
Sodium (Na) 138 139 [129, 144] [137, 140] 
Alkaline phosphatase (ALP) 98 88 [52,294] [70,112] 
Aspartate aminotransferase (AST) 25 22 [8,87] [17,30] 
Total Protein (TP) 70 71 [58.0, 80.0] [67.0, 73.0] 
Albumin 41 41 [40.0 , 48.0] [40.0, 44.0] 
Lactate dehydrogenase (LDH) 313 253 [150, 2108] [201, 303] 
C-reactive protein (CRP) 25 26 [2, 49] [12, 38] 
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Table 4.4 Treatment and toxicity outcome 
   Cohort  

A  
(ipi/nivo) 

 %   Cohort 
B (nivo) 

% 

Best overall response:             

  CR   1 3   2 8 

  PR   17 49   3 12 

  SD   2 6   2 8 

  PD   13 37   18 72 

  Not evaluable   2 6       

       

Survival             

  PFS (months)   5.7     2.6   

  OS (months)   NR     18.5   

       

Toxicity by 120 days 
(CTCAE) 

            

  Grade 1  32 91  14 56 

  Grade 2  28 80  8 32 

  Grade 3   18 51   1 4 

  Grade 4   3 9   0 0 

 

CR, Complete Response; PR, Partial Response; SD Stable disease; PD, 
Progressive Disease; PFS Progression-Free Survival; OS, Overall Survival; 
G1, NR, Not reached  
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Table 4.5 Univariate and multivariate Cox regression analysis for 
overall survival for combined Cohort A & B 

   
Univariate 
analysis 

    
Multivariate  
analysis 

 

Variable  HR (95% CI) p.value  HR (95% CI) p.value 

ALP  1 (1-1) 0.0022    

CRP  1.1 (1-1.1) 0.0023  1.13 (1.01,1.25) 0.026 

LDH>median  3.2 (1.4-7.4) 0.0055    

ALP>median  2.9 (1.3-6.4) 0.0097    

Elevated LDH  3.1 (1.3-7.5) 0.012    

CRP>median  3.4 (1.3-9.2) 0.014    

Anaemia  6.5 (1.4-31) 0.018    

LDH  1 (1-1) 0.02    

WCC>median  2.4 (1.1-5.4) 0.034  3.07 (1.01,9.38) 0.049 

 

The univariate cox regression survival analysis for overall survival for the 
entire cohort (i.e. Cohort A& B for the ABC clinical trial) identified a 
number of significantly associated variables including: ALP (both as a 
continuous variable and ALP>median), LDH (both as a continuous variable, 
LDH>median and elevated LDH>upper limit of normal), CRP (both as a 
continuous variable and CRP>median), anaemia, and White cell count 
(WCC)> median.  In a multivariate analysis in the entire cohort, CRP as a 
continuous variable and WCC>median remained significantly associated 
with overall survival.    
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4.1.7 Figures 

  

Figure 4.1  Simplified study schema of the Anti-PD-1 in Brain 
Collaboration clinical trial (3) 
Patients with asymptomatic brain metastases who have not received prior 
local brain therapy were randomised to Cohort A (combination ipilimumab 
and nivolumab) or Cohort B (nivolumab monotherapy).  Cohort C from the 
original study was excluded in the post-hoc analysis for candidate 
biomarkers as part of this thesis.  The primary endpoints and secondary 
endpoints of the ABC study are as listed.  
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Figure 4.2 Kaplan-Meier curve of overall survival stratified by C-
reactive protein (CRP) and white cell count (WCC) 
Using the CRP and WCC, the two variables significantly associated with 
overall survival (OS) for the entire cohort of the post-hoc analysis, the 
cohort can be stratified into three prognostic groups.  Low CRP is associated 
with excellent OS; high CRP but low WCC is associated with intermediate 
OS; whereas high CRP and high WCC are associated with poor OS.   
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5 Functional FDG PET imaging biomarkers 
 

In this chapter, FDG PET biomarkers for ICI will be explored with a review of the 

existing literature, followed by two subchapters: Chapter 5.1 will investigate baseline 

FDG PET biomarkers, with the inclusion of the published manuscript, ‘18F-FDG 

PET/CT based spleen to liver ratio associates with clinical outcome to ipilimumab in 

patients with metastatic melanoma’.  Chapter 5.2 will investigate the use of early-on-

treatment FDG PET biomarkers in ICI for melanoma immunotherapy.   

FDG PET is a non-invasive, semi-quantitative and tomographic assay of metabolic 

activity using a positron-emitting radioisotope-labelled glucose analogue(281, 428).  

FDG PET exploits cancer cells’ preference for glycolysis regardless of oxygen 

conditions, known as the Warburg effect (429-431).  Hence, FDG PET is able to detect 

small deposits of cancer as areas of high avidity compared to normal background tissue 

(431).  Melanoma, in particular, is intensely FDG avid, which makes FDG PET/CT an 

optimal imaging modality for staging and surveillance of melanoma(432, 433).   

Traditionally, conventional imaging with computerised tomography (CT) provides a 

diagnosis of cancer based on abnormal anatomic appearances, also highlighting sites of 

metastatic involvement.  Due to low cost and widespread availability, CT remains a 

common imaging modality for metastatic disease in clinical practice.  Functional 

imaging techniques such as (PET) combined with contrast CT (PET/CT) have a much 

higher sensitivity to detect advanced disease than CT alone in a number of different 

cancers including melanoma, lung cancer, head and neck cancer, breast cancer, prostate 

cancer (276, 433-436).  One study also highlighted the improved sensitivity of FDG 

PET to detect melanoma bone and subcutaneous metastases compared to CT (434).   

In a meta-analysis of 74 studies of 10,528 patients, PET combined with a ‘low dose’ CT 

was shown to have the highest sensitivity and specificity to stage metastatic melanoma  

(80% sensitivity, 95% CI 53-93% and 87% specificity, 95% CI 54-97%) when 

compared to ultrasound, CT or PET alone(433).  Similarly, PET/CT also had the highest 

sensitivity and specificity to detect metastatic disease during surveillance of nodal 

disease (86% sensitivity, 95% CI 76-93% and 91% specificity, 95% CI 79-97%).  

Therefore, in the setting of high risk early stage disease, FDG PET has replaced CT as 

the gold standard imaging modality to exclude systemic spread prior to curative intent 
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treatment (278, 437).  It should be noted though, that ultrasound remains the optimal 

imaging modality to detect nodal disease, owing to its high sensitivity in detecting low 

volume disease (433).   

In a study of 49 patients, PET/CT was able to detect additional metastatic involvement 

in 27 patients (55%) and subsequently altered the clinical management in 49% of the 

patients (438).  Another meta-analysis estimated that PET/CT changed the treatment 

decision in 15-64% of the cases (439).          

There is also emerging evidence to support PET/CT in routine surveillance of high risk 

melanoma (278).  In one study, one hundred and seventy patients with stage III 

melanoma were surveyed with a sub-stage adapted PET protocol post-operatively (432).  

Sixty-five (38%) patients relapsed, of which 69% were asymptomatic.  The positive 

predictive values of individual scans were 56-83% in this cohort, whereas the negative 

predictive values were 89-96%.  However, the authors recognise that the surveillance of 

melanoma needs to be stage adapted, so that more frequent imaging is offered to 

patients with the highest likelihood of relapse.  A stage adapted surveillance schedule 

can reduce the possible harm of routine imaging to those with very low risk of relapse; 

such harm can include exposure to radiation, anxiety related to routine scans, so termed 

‘scanxiety’, as well as minimising cost to the health system (440, 441).     

Beyond its role in diagnosing and staging of cancer (428), FDG PET also has an 

established role in treatment assessment after therapy.  Treatment response on FDG 

PET is correlated with clinical benefit following cytotoxic therapies in various cancers 

including non-small cell lung cancer, lymphoma and oesophageal cancer (442-447).  

Conventional treatment response assessment is performed on CT, with a reduction in 

the summation of tumour size being correlated with clinical benefit (280, 448).  

Currently the Response Evaluation Criteria in Solid Tumours (RECIST) version 1.1 is 

widely used across clinical trials as a way of standardising treatment response 

assessment and enabling a comparison of treatment efficacy across trials.  Subsequent to 

RECIST 1.1,  new criteria for treatment response assessment on PET were proposed, in 

an effort to overcome some of the limitations of anatomical assessment, particularly in 

cancers where stability of disease correlated with clinical benefit (281).  Tumour 

response on PET can be measured quantitatively, where the reduction in tumoural 

avidity after therapy can be used as a surrogate of clinical benefit (281).  Two main 
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criteria have been proposed to guide the assessment of treatment response using FDG 

PET, namely the European Organisation for Research and Treatment of Cancer 

(EORTC) PET criteria published in 1999 (449) and PET Response Criteria in Solid 

Tumours (PERCIST) published in 2009 (281).  While PET treatment response is well 

established in other cancers following cytotoxic chemotherapy, only a small number of 

studies have evaluated PET treatment response assessment in advanced melanoma (258, 

450, 451).   

FDG PET was compared to CT and S100-B, a serum tumour marker for melanoma, as 

treatment assessment modalities following chemotherapy for metastatic melanoma in a 

retrospective study (450).  In this study, 25 treatment-naïve patients were treated with 3 

cycles of chemotherapy (9 patients received temozolomide monotherapy, 9 patients 

received dacarbazine monotherapy, 7 patients received temozolomide combination).  

Treatment response by PET or CT was defined as a greater than 30% decrease in the 

size or SUVmax in the known metastases.  Concordant responses were observed in PET 

and CT in all patients.  There was a trend towards improved overall survival in 

responders compared to non-responders (median OS of 18 months v 11 months, 

p=0.072) with an improved one-year overall survival (80% v 40%, p=0.048).  S100B 

was normal in 8/25 patients at baseline, and not measured in 3 patients.  S100B 

response did not correlate with survival.  While chemotherapy is no longer a standard 

treatment for metastatic melanoma, this study posed the potential of response 

assessment on FDG PET as a surrogate marker of clinical benefit to therapy in 

melanoma.    

A retrospective study used the PERCIST criteria on PET to assess treatment response to 

ipilimumab in 28 patients with stage III and stage IV melanoma (451).  In this study, 

FDG PET scans were performed at baseline and after 2-4 cycles of treatment.  

Progressive Metabolic Disease (PMD), as defined by 30% increase in the SUVpeak 

normalised by lean body mass (SUL), was detected in 14 of the 21 patients with clinical 

progressive disease.  Patients with PMD had poorer overall survival (p=0.046), poorer 

one-year survival (58% vs 100% in non-PMD) and poorer two-year survival (31% 

versus 73%). 

One of the other challenges which has arisen in the era of immunotherapy is that of 

treatment response assessment.  Conventional treatment response assessment used in 
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clinical trials can underestimate the benefit of immunotherapy due to the phenomenon 

of ‘pseudo-progression’ (452).  Pseudo-progression is where tumours can exhibit a 

transient increase in size before subsequent reduction, and these atypical responses are 

associated with clinical benefit(453).  Biopsies of tumours which exhibit this 

characteristic showed that these progressive lesions are in fact infiltrated by cytotoxic T 

cells and necrosis, as opposed to tumour cells in the case of genuine disease 

progression.  These delayed responses are also correlated with clinical responses to ICI.  

The incidence of pseudo-progression is approximately 10% for anti-CTLA4 therapy and 

7% for anti-PD-1 treatment (453, 454).  Patients on combination immunotherapy may 

also experience the same phenomenon but the incidence is unknown.   

Immune related response criteria (IrRC) are modified treatment response criteria which 

were proposed as a way to capture the novel tumour responses seen after 

immunotherapy treatment (452).  The key differences of IrRC compared to WHO 

criteria are that new measurable lesions are incorporated into the sum of tumoural 

burden; new unmeasurable lesions do not constitute progressive disease; and 

progressive disease needs to be confirmed in subsequent imaging at least 4 weeks apart.  

IrRECIST and IRECIST criteria were subsequently proposed to simplify treatment 

response by using unidimensional assessment as opposed to multi-dimensional 

assessments in IrRC, as well as reducing the number of lesions assessed to 2 lesions per 

organ and 5 lesions in total (453, 455, 456).   

In summary, assessment of tumour response to conventional cytotoxic therapies by PET 

imaging is well established, but response assessment to immunotherapies on PET 

requires further examination given their novel mechanism of action (457).  Furthermore, 

it is not known whether early response on PET is a predictor of clinical benefit or 

whether FDG PET would also be hampered by the challenges of pseudo-progression.    

5.1 Baseline PET/CT characteristics: Spleen to liver ratio   

Functional imaging biomarkers present an attractive source of novel biomarkers for 

melanoma immunotherapy.  This technology is widely used in clinical practice for the 

staging and surveillance of melanoma.  Furthermore, it is a non-invasive quantitation of 

metabolic activity of both tumour and the body’s response to the tumour.   
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Baseline FDG PET imaging prior to immunotherapy may serve as a prognostic marker 

in two ways.  Firstly, it can provide an accurate quantitation of metabolically active 

disease above what is appreciable on standard CT imaging by assessing the metabolic 

tumour volume as well as the tumoural SUVmax.  Secondly, baseline scans can be used 

as a functional assessment of the patient’s immune response to the cancer.  Evaluation 

of immune organs such as the spleen or draining lymph nodes can be a functional 

evaluation of the immune response to the tumour.   

Two recent studies have also attempted to evaluate whether baseline PET parameters 

can be a source of biomarkers after ICI.  The first is a retrospective study of 142 patients 

who received ipilimumab monotherapy for advanced melanoma at Memorial Sloan 

Kettering Cancer Centre(458).  This study evaluated SULmax (maximum SUV 

corrected by lean body mass), SULpeak (sum of peak SUV normalised by lean body 

mass in five target lesions/maximum two per organ), wMTV (whole body metabolic 

tumour volume) and wTLG (whole body Total Lesion Glycolysis).  The PET 

parameters were dichotomized at the median of the cohort for their analysis: 

SULmax>9.11, SULpeak>13.75, wMTV>26.85cm3, and wTLG>78.74 for survival 

analyses.  In univariate analyses, there was a statistically significant relationship 

between MTV and overall survival (HR 1.93, p=0.002), as well as TLG and overall 

survival (HR1.64, p=0.016).  Only wMTV, however, remained significantly associated 

with OS (HR2.02, p=0.002) when other clinical factors were considered, for instance, 

the presence of brain metastases, age>75 years, high LDH, prior chemotherapy.  There 

was no PET evaluation of immune activation as a predictor of outcome in this study.   

The second study is a retrospective study of 55 patients treated with antiPD-1 at two 

institutions(459).  Baseline FDG PET scans were analysed for SUVmax, SUVmean, 

TMTV (total metabolic tumor volume), TLG (total lesion glycolysis), BLR (Bone 

marrow-to-Liver SUVmax ratio), and SLR (Spleen-to-Liver SUVmax ratio).  PET 

parameters were dichotomized at the median of the cohort for statistical analyses: 

SUVmax >19.0, SUVmean >7.4, TMTV> 25cm3, TLG>258, BLR >0.79 and SLR> 

0.77.  Univariate analyses showed that shorter survival was correlated with high TMTV 

(>25 cm3 (OS HR 2.9, p=0.042 and PFS HR 2.8, p=0.021) and BLR (>0.79, OS HR 

2.6, p0.048 and PFS HR 2.8, p=0.042).  In multivariable analyses, survival was 

significantly associated with TMTV (OS HR 2.5, p = 0.02, and PFS HR 2.2, p=0.024) 

and BLR (OS HR 2.3, p = 0.04).  Low TMTV and TLG correlated with best overall 
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response (p = 0.03).  This study highlighted the potential of evaluating the immune 

system on PET imaging as a predictor of outcome to anti-PD-1 therapy.   

The first part of this chapter explores the prognostic significance of PET parameters of 

SLR, SUVmax and MTV in patients treated with immune checkpoint inhibitors for 

advanced melanoma treated at Peter MacCallum Cancer Centre, Melbourne, Australia.  

These results have been submitted for publication.   

  



114 
  

5.1.1 Aims  

The aims of this chapter were:  

1. To assess baseline 18F FDG PET/CT characteristics of tumoural SUVmax, MTV 

and Spleen to Liver Ratio as a predictor for PFS and OS after ipilimumab for 

advanced melanoma 

2. To assess baseline 18F FDG PET/CT characteristics of tumoural SUVmax, MTV 

and Spleen to Liver Ratio as a predictor for PFS and OS after antiPD-1 for 

advanced melanoma 

3. To investigate clinicopathological correlates of high spleen to liver ratio on pre-

treatment 18F FDG PET/CT 

5.1.2 Summary of results 

1. High SLR>1.1 was associated with poor PFS and OS after ipilimumab, but not 

after anti-PD-1.  This was validated in an independent cohort of European 

patients treated in Brussels and Zurich.   

2. High SLR was an independent predictor of OS in univariate and multivariate 

survival analyses.  Low albumin was significantly associated with high SLR.     

3. Tumoural SUVmax was not associated with PFS or OS after ipilimumab or anti-

PD-1. 

4. MTV was not associated with PFS or OS after anti-PD-1.  MTV was not 

associated with OS after ipilimumab when dichotomized at the median of the 

cohort, but it was associated with OS when analysed as a continuous variable.  

5.1.3 Results not presented in the publication 

1. The rate of liver metastases in patients with high SLR was 35% whereas the rate 

of liver metastases was 37% in patients with normal SLR, so the rate of liver 

metastases did not appear different between the two groups.   

2. Liver function tests, including serum bilirubin, alanine transferase (ALT), 

alanine phosphatase and gamma transferase, did not differ between patients with 

high SLR and patients with normal SLR.  One patient had elevated (3x upper 

limit of normal) ALP in the high SLR group, whereas two patients had elevated 

(3xULN) ALP in the normal SLR group.  Furthermore, ALP is not a liver 
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specific marker, and can also be raised in patients with increased bone 

turnover/bony metastases.  In total, liver function tests were not too dissimilar in 

patients with high SLR and those with normal SLR.  

5.1.4 Discussion 

Our study evaluated baseline FDG PET parameters and their association with clinical 

outcome after immune checkpoint inhibitors.  Baseline SUVmax and MTV were not 

associated with outcome after ipilimumab or antiPD-1.  High SLR>1.1 was associated 

with poor PFS and OS after ipilimumab.   High SLR>1.1 and its association with poor 

OS was then validated in an external European cohort from two different European 

centres.  High SLR was associated with low albumin in a multivariable model but the 

biological mechanism of this PET parameter remains unknown.   

SUVmax has not been shown to be prognostic in our study or in the two aforementioned 

studies of patients treated with either ipilimumab (458) or anti-PD-1 monotherapy for 

advanced melanoma (459).  The studies where SUV uptake has been shown to be 

correlated with survival were in early stage melanoma (277, 283).  The threshold for 

significance for SUVmax is above 2.2 and SUVmean>6.49 in these two studies.  

SUVmax in the studies of advanced disease included patients whose tumours have a 

much higher SUVmax: the medians for our study was 18, whereas the ipilimumab study 

median SULmax was 9.11 (458), and the antiPD-1 study median SUVmax was 19 

(459).  Advanced disease is more likely to have disease where the metabolic pathways 

are more dysregulated and so are highly FDG avid.  It may be that the threshold used in 

the studies of advanced disease was too high or, more likely, that SUVmax becomes a 

poor predictor of survival in advanced disease.  The threshold at which SUVmax loses 

its clinical significance is not known.  The two aforementioned studies highlight that 

MTV (which is a composite value of both volume of tumour burden as well as tumoural 

FDG uptake) is a more important biomarker for prognosis after immunotherapy for 

melanoma (458, 459).   

Baseline MTV did not correlate with survival in our study of ipilimumab or antiPD-1 

treated patients when it was dichotomized by the median of each treatment (i.e. 

comparing patients with high MTV versus low MTV).  MTV was significantly 

associated with overall survival when analysed as a continuous variable, which 

suggested a non-linear relationship between MTV and OS.  It must be noted that the 
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thresholds used to dichotomize the cohort were higher in our cohort compared to those 

in other studies.  In our cohort, Ipilimumab treated patients were dichotomized at the 

MTV of 41mL, and antiPD-1 patients were dichotomized at 140mL.  Other studies used 

a threshold of 26.85mL for patients treated with ipilimumab (458), while 25mL was 

used in a study of antiPD-1 treated patients (459).  Both these studies found a 

statistically significant relationship between high MTV and short overall survival.  

When our cohort was split into 5 MTV quantiles, the group with the lowest MTV 

(<14mL) was associated with excellent OS.   

The failure to identify a significant relationship between our MTV and OS within our 

cohort highlights the potential challenges of using the median as an exploratory 

threshold for biomarker discovery.  One method of identifying an ‘optimal’ threshold 

for a biomarker is the use of a receiver operating curve (ROC) (460, 461).  This 

statistical modelling identifies a cut-off where the biomarker is the most discriminating 

for the desired outcome.  However, this method is still exploratory and runs the risk of 

overfitting the predictive model to the discovery cohort.  Hence it is of paramount 

importance to validate the findings of a discovery cohort in an independent external 

cohort. 

Low baseline tumour burden is associated with good clinical outcome. This has been 

reported in a number of studies including those assessing tumour burden on CT imaging 

or PET imaging (274, 458, 459).  This observation is supportive of the strategy to treat 

high risk melanoma in the adjuvant setting, where metastatic deposits are only 

microscopic.  Accordingly, clinical trials have demonstrated a significant improvement 

in OS for patients treated with adjuvant immunotherapy strategies such as ipilimumab 

and interferon alpha (104, 229).  Recent clinical trials also showed a significant 

improvement in disease free interval for patients treated with adjuvant anti-PD-1, 

though the impact of adjuvant anti-PD-1 treatment has yet to be reported (230, 231).    

Interestingly, high spleen to liver ratio was associated with poor survival after 

ipilimumab in our cohort.  This observation was validated in an independent cohort in 

Europe.  The proportion of patients who exhibited this PET signature was small 

(approximately 10% of each cohort) but it highlighted a group of patients in which the 

prognosis is very poor.   Overall survival measured from the time of first 

immunotherapy (either ipilimumab or anti-PD-1) was significantly lower in those with 
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high SLR>1.1 with median OS of 1 month vs 14 months in those with normal SLR, HR 

3.92, p=0.003.  High SLR was associated with poor PFS after ipilimumab, but not after 

anti-PD-1 treatment.  High SLR pre-treatment as an imaging biomarker has not been 

previously explored in patients with metastatic melanoma treated with ipilimumab.  

High SLR has also been associated with poor prognosis in other tumour types, including 

cholangiocarcinoma and rectal cancer (288, 462).  In these studies of 

cholangiocarcinoma and rectal cancer, a significant threshold for poor survival was set 

at 1 and 0.731 respectively, whereas in our cohort SLR>1.1 was considered to be high.   

More recently, other investigators have evaluated baseline PET biomarkers for patients 

treated with anti-PD-1 in the aforementioned study (459).  Seban et al. did not reveal 

any relationship between high SLR (>0.77) and survival after anti-PD-1, which is 

consistent with the findings in the Peter MacCallum Cancer Centre cohort.  

Interestingly, the authors did observe that high bone to liver ratio (>0.79) was associated 

with poor PFS and OS after anti-PD-1.  This raises the possibility that there may be 

FDG avid immune cells present within the bone marrow prior to anti-PD-1 treatment 

which may inhibit the action of anti-PD-1.  The different prognostic significance of high 

SLR with ipilimumab compared to anti-PD-1 may highlight the different mechanism of 

action between the two treatments or perhaps inhibitory cell types that may be present 

in the spleen that are more relevant for ipilimumab therapy compared to anti-PD-1.   

The mechanism of high SLR remains unknown.  The liver is normally of higher avidity 

than the spleen in physiological conditions (463, 464).  The converse (i.e. where splenic 

avidity is higher than that of the liver) has been observed in patients with inflammatory 

conditions, in cancers where inflammation is part of the clinical presentation, or post 

GCSF or anti-CTLA4 treatment (286, 464, 465).  The spleen is the largest lymphoid 

organ in the body and consists of red pulp and white pulp (466).  The red pulp is a 

complex vascular network of vessels where blood is filtered and splenic macrophages 

can recycle iron and remove bacteria from the bloodstream.  The white pulp consists of 

T and B cell compartments which surround the branching arterial vessels.  Here, 

immune cells are able to interact under strict orchestration by cytokines and 

chemokines.  Within the T-cell zone, immune cells such as T cells, dendritic cells and B 

cells interact; whereas B cells undergo clonal expansion within the B-cell zone.  

Humans also have an inner and outer marginal zone which surrounds the white pulp, 

which is lacking in rodents.  This marginal zone is a transitional area where 
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haemopoietic cells from the blood can enter the lymphoid compartment, which allows 

both innate and adaptive immune responses to be mounted efficiently.  Such innate 

response involves resident immune cells such as marginal zone macrophages and 

marginal zone metallophilic macrophages.  There are also marginal-zone B cells which 

travel out of the marginal zone into the white pulp, become antigen presenting cells and 

activate CD4 T cells and a subset of dendritic cells.  It is not known which cells within 

the spleen are responsible for the increase in glucose uptake.     

Previous studies have attempted to evaluate the biological correlates of splenic avidity 

(286, 287, 467).    The second study evaluated the peripheral cytokine profile of 40 

patients with upper gastrointestinal malignancies in relation to SLR.  Within this study, 

19 of the 40 patients had a high SLR.  Patients with high SLR had high IL-1β, IL-1RA, 

IL-4, IL-6, IL-7 and IL-13 compared to patients with normal SLR (286).  High SLR was 

also associated with raised white cell count and raised C-reactive protein, which has 

been previously demonstrated in a study of 31 patients with high SLR (467).  These 

studies suggest that a systemic acute inflammatory response or humoral cytokine 

response may be in keeping with this PET signature.  We also studied 14 patients’ 

cytokine profiles, but comparative statistics were not possible as only one patient 

exhibited high SLR.  The descriptive statistics are presented within the supplementary 

results of the publication.  Although the study was too small for comparative statistics, 

it was noted that the cytokine levels for the single patient with high SLR were within 

the range of patients with normal SLR.  Studies of serum cytokines have yet to  identify 

any predictive profile in relation to ICI response (468).   However, a more targeted 

study of cytokines in the context of other inflammatory signatures such as high SLR 

may be more revealing of the cytokine profiles of patients with a very poor outcome 

following ipilimumab.   

It is also important to consider the hepatic SUV uptake in the context of this SLR 

signature.  In our study, patients with raised SLR had a mean and median liver SUV of 

2.0 with an interquartile range (IQR) of 0.5, which is slightly lower than the normal 

reference range (lower limit of normal for liver SUV was 2.3) (469).  In contrast, the 

normal SLR group had a mean and median liver SUV of 2.4, IQR 0.6; which is within 

the normal reference range.  Within the high SLR group, the  mean and median splenic 

SUV was 2.4, with IQR of 0.4; in contrast with normal SLR group, where the mean and 

median splenic SUV was 2.1, IQR 0.5.  This raises the possibility that the high SLR 
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may be partially caused by low hepatic SUV uptake.  When the liver was examined in 

more detail, there did not appear to be any difference in hepatic function between those 

with high SLR compared to those with normal SLR.  Furthermore, albumin, which was 

highly correlated with SLR, is not correlated to other liver function tests such as 

bilirubin and ALT.  Thus, it is more likely that albumin is low as part of an acute 

inflammatory process and not representative of generalised liver dysfunction in patients 

with high SLR.  Lastly, the rates of intrahepatic metastases are also similar between 

patients with high SLR and normal SLR (rates of 35% and 37% respectively).  This re-

emphasises that the lower hepatic SUV uptake in patients with SLR is likely due to a 

functional process rather than a structural abnormality within the liver.  Larger patient 

cohorts with high SLR are required to clarify the relative contributions of hepatic and 

splenic changes and their relevance on the immune system.   

In the study of anti-PD-1 treated patients (459), baseline PET parameters were 

correlated with tumoural transcriptomes for 17 patients using NanoString nCounter 

Gene Expression Assay across 770 genes in the  Pan Cancer Immune Pathways panel.  

Eleven predefined clusters totalling 42 genes were evaluated and High BLR was 

associated with upregulation of genes within the dendritic cells, regulatory T cells and 

memory T cell clusters.  Of note, high SLR was also associated with upregulation of 

genes within the regulatory T cells as well as exhausted/HS CD8+ T cells clusters. 

Lastly, can we hypothesise which immune cells have become FDG avid within the 

spleen, that would correlate with poor survival after anti-CTLA4 and not anti-PD-1?  A 

number of immune cells preferentially utilise glucose for their metabolism, including 

activated T cells, myeloid derived suppression cells (470).  Activated T cells switch 

from OXPHOS to aerobic glycolytic state, in order to generate ATP which is mediated 

by HIF and GLUT1.  One possibility of highly avid spleen being a poor prognostic sign 

is the presence of activated T cells sequestered within the spleen and not able to travel 

to peripheral tumoural sites.  This would be particularly true if the process by which T 

cells are released from the spleen were inhibited by anti-PD-1 and not anti-CTLA4.  

Therefore, treatment with anti-CTLA4 does not alleviate the problem and is associated 

with poor prognosis, whereas treatment with anti-PD-1 overcomes this problem and 

patient outcome is not affected despite the presence of high SLR.   Furthermore, could 

there be glucose dependent inhibitory immune cells which counteract only the actions 

of anti-CTLA44 but have no effect on anti-PD-1?  In terms of inhibitor immune cells, 
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there are myeloid cellular subtypes including tumour associated macrophages and 

myeloid derived suppressor cells both of which associate with poor response to ICI 

(470, 471).  Activated M1 myeloid cells (associated with IL1, IL6, Il12, reactive 

nitrogen or oxygen species) utilise glycolysis whereas M2 macrophages, which are 

associated with IL4 and IL10 and are inhibitory to T cell activation, preferentially use 

OXPHOS and fatty acid oxidation.  It may be that high populations of M1 are 

particularly relevant to ipilimumab treatment compared to anti-PD-1.  These are 

possible reasons why high SLR is associated with poor prognosis but not anti-PD-1 

(459).  Understanding how high SLR is correlated with poor outcome with ipilimumab 

and not with anti-PD-1 would be very helpful in furthering the understanding of cellular 

populations within the spleen that contribute to the functions of different ICI.  

One of the challenges of elucidating the biological mechanism of high SLR is the lack 

of a biological model system to replicate this PET finding.  Within this PhD study, 

unsuccessful attempts were made to generate a murine model by transplantation of 

MC38, an immunogenic colorectal cancer cell line, into C57BL/6 mice.  Five mice were 

imaged by FDG PET but splenic uptake was normal.  GCSF was injected into one of the 

five mice to induce splenic avidity as described in human patients (289).  However, this 

was also unsuccessful; consequently, the planned experiments to compare immune 

compartments within the spleen, bone marrow and peripheral blood did not proceed.  

Further mechanistic understanding of this PET parameter may assist the understanding 

of differential mechanisms of resistance to anti-CTLA4 treatments, as compared to anti-

PD-1. 
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5.1.5 Manuscript accepted and in-press 

This manuscript entitled, “18F-FDG PET/CT based spleen to liver ratio associates with 

clinical outcome to ipilimumab in patients with metastatic melanoma” was submitted to 

Cancer Imaging in February 2020 and has been accepted for publication.  The 

references for the manuscript have been incorporated into the references for the PhD 

thesis.   
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Abstract 

 

Background:  

Immune checkpoint blockade such as ipilimumab and anti-PD-1 monoclonal antibodies 

have significantly improved survival in advanced melanoma.  Biomarkers are urgently 

needed as a majority of patients do not respond, despite treatment-related toxicities.  We 

analysed pre-treatment 18F-fluorodeoxyglucose positron emission 

tomography/computerised tomography (FDG PET/CT) parameters to assess its 

correlation with patient outcome. 

 

Methods:  

This retrospective study evaluated pre-treatment FDG PET/CT scans in a discovery 

cohort of patients with advanced melanoma treated with ipilimumab or anti-PD-1.  Pre-

treatment scans were assessed for maximum tumoural standardised uptake value 

(SUVmax), metabolic tumour volume (MTV) and spleen to liver ratio 

(SLR).  Progression-free survival (PFS) and overall survival (OS) were characterised 

and modelled using univariable and multivariable analyses.  Correlation of SLR and OS 

was validated in an independent cohort. Blood parameters and stored sera of patients 

from the discovery cohort was analysed to investigate biological correlates with SLR.   

 

Results:  

Of the 90 evaluable patients in the discovery cohort: 50 received ipilimumab 

monotherapy, 20 received anti-PD-1 monotherapy, and 20 patients received ipilimumab 

followed by anti-PD-1 upon disease progression.  High SLR>1.1 was associated with 

poor PFS (median 1 vs 3 months; HR 3.14, p=0.008) for patients treated with 
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ipilimumab.  High SLR was associated with poor OS after ipilimumab (median 1 vs 21 

months; HR 5.83, p= 0.0001); as well as poor OS after first line immunotherapy of 

either ipilimumab or anti-PD-1 (median 1 vs 14 months; HR 3.92, p=0.003).  The 

association of high SLR and poor OS after ipilimumab was validated in an independent 

cohort of 110 patients (median 2.3 months versus 11.9 months, HR 3.74).  SLR was 

associated with poor OS in a multi-variable model independent of stage, LDH, absolute 

lymphocyte count and MTV.    

 

Conclusions: 

Pre-treatment Spleen to liver ratio (SLR)>1.1 was associated with poor outcome after 

ipilimumab in advanced melanoma.  This parameter warrants prospective evaluation.   

 

Keywords:  

Melanoma, Immune Checkpoint Blockade, Biomarker, Positron Emission Tomography, 

Spleen to Liver Ratio  
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Article 

 

Background: 

The advent of immune checkpoint blockade has resulted in unprecedented 

improvements in survival for patients with metastatic melanoma.  However, response 

rates of approximately 10% and 40% respectively for anti-CTLA4 (ipilimumab)(166, 

169) and anti-PD-1 monoclonal antibodies(172, 174, 240), indicate that the majority of 

patients do not respond.  In 2015, the combination ipilimumab and nivolumab 

demonstrated improved response rates and progression-free survival compared to single 

agent ipilimumab(176, 189).  However, this combination resulted in significantly higher 

treatment-related toxicity than monotherapy (55% vs 16-27% patients experienced 

common toxicity criteria for adverse events grade 3 and 4 toxicities respectively). Even 

then, 42% of patients still failed to achieve an objective response.  Hence, biomarkers 

that can predict clinical outcomes are urgently needed.  

 

There are numerous candidate predictive biomarkers including expression of tumoural 

PD-L1 (296, 472) and tumoural mutational load(329), but these have not entered 

clinical practice due to their inability to clearly prospectively identify responders from 

non-responders.  It is now recognised that a combination of different biomarkers may be 

needed to predict response given the complexity of the immune interaction with 

tumour(376).  Blank et al suggested a ‘cancer immunogram’ wherein a combination of 

biomarkers such as tumoural mutational load, presence of T-cell checkpoints, soluble 

cytokines, metabolic factors and host immune factors should be considered.  Here we 

explore how existing non-invasive functional imaging might provide a readily 

translatable source of novel biomarkers, given the current increase of 18F-
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fluorodeoxyglucose positron emission tomography/computerised tomography (FDG 

PET/CT) in the surveillance of high-risk melanoma(432) or at suspected relapse(437).   

 

18F-fluoro-deoxy-glucose positron emission tomography (FDG PET) has long been the 

preferred functional imaging technique in melanoma in our facility(473).  Our 

identification of malignancy is largely qualitative based on a combination of PET and 

CT appearances(474) since the use of the semi-quantitative measure of uptake intensity 

termed the standardised uptake value (SUV) can have limitations with regards to cancer 

evaluation due to the large number of technical factors that can influence its 

measurement(475).  Nevertheless, the measurement of SUVmax has been shown to 

have some prognostic significance in a number of malignancies, including 

melanoma(283).   Metabolic tumour volume (MTV) is a measure of metabolically 

active disease and, reflecting the burden of disease, might be more likely to correlate 

with clinical outcome.   

 

In addition to studying PET-derived parameters of the tumour, there may be merit in 

examining the patients’ tissues, such as the spleen or draining lymph nodes, as a way of 

characterising immune status.  The SUV of normal organs, particularly the liver and 

spleen, generally have a rather narrow range(463, 476).  For example, the liver normally 

exhibits homogenous uptake of FDG (normal SUVmax of liver in men range from 2.3-

5.0 and 2.3-3.8 in women)(469),  unless there is obvious disease infiltration or 

sarcoidosis.  The spleen is the largest lymphoid organ in the body, and normally has less 

FDG uptake compared to the liver (normal SUVmax of spleen in men range from 1.6-

4.1 and 1.6-3.2 in women), with an expected Spleen to Liver Ratio (SLR) of 

approximately 0.9(287, 288, 469).  High splenic uptake or high SLR has been observed 



127 
  

in patients with infections as well as patients with cancers associated with an 

inflammatory state, such as Hodgkin’s disease(477) or cholangiocarcinoma(286-288).  

There have also been reports of immune activation as a result of interferon alpha 2b or 

anti-CTLA4 (290). Hence PET evaluation of immune organs of patients receiving 

immunotherapy may be of clinical value.  In this article, we analysed baseline FDG 

PET/CT performed on patients prior to immunotherapy and its correlation with clinical 

outcome to identify novel PET imaging biomarkers.       

 

Methods: 

Patients 

All patients with unresectable stage III or stage IV melanoma (with progressive disease) 

who received monotherapy with ipilimumab or anti-PD-1 (either pembrolizumab or 

nivolumab) and had completed a pre-treatment FDG PET scan at Peter MacCallum 

Cancer Centre (PMCC) between 1st July 2010 and 30thJune 2015 were included.  Prior 

treatment with BRAF targeted therapies was permissible but patients treated with 

BRAF/MEK inhibitors post progression on ipilimumab or anti-PD-1 were excluded.  

Ipilimumab was given at 3mg/kg intravenously every three weeks for four doses.  

Pembrolizumab was given at 2mg/kg intravenously every three weeks, and nivolumab 

was given at 3mg/kg intravenously every two weeks until disease progression.  Patients 

received anti-PD-1 either as monotherapy or upon progression after ipilimumab 

treatment (i.e. concurrent ipilimumab and nivolumab treatment was not included).  

Medical records were retrospectively reviewed for patient demographics, disease 

characteristics, blood parameters, treatment and clinical outcome.  Treatment response 

was determined by local treating oncologist based on available clinical and imaging 

data.    
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We then sought to validate the association between SLR>1.1 and OS in an additional 

cohort.  Eligible patients treated at UZ Brussel, Brussels and University Hospital 

Zurich, Zurich were combined into a single validation cohort.  Patients treated with at 

least one dose of ipilimumab were included and patient demographics, date of death or 

last contact were recorded.  Pre-treatment PET scans were assessed for SLR by the local 

nuclear medicine expert.   The final statistical analysis was performed at PMCC.  This 

study was approved by human research ethics committees and the requirement for 

informed consent was waived at the PMCC, the UZ Brussel, and the University 

Hospital Zurich. 

  

FDG-PET/CT Imaging Analysis 

Pre-treatment PET scans were performed within 6 weeks before commencing 

ipilimumab or anti-PD-1.  At PMCC, the analysis was performed by using MIM 

software, which provided an automated volume-of-interest analysis on the basis of user-

defined search regions.  Parameters evaluated included the SUVmax for all tumour 

lesions, MTV and SLR.  Metabolic tumour volume (mL), was calculated by multiplying 

the number of abnormal voxels identified within the volume of interest by the known 

voxel volume by adapting the PERCIST recommendations for contouring FDG-avid 

disease(281).  All FDG-avid disease was contoured using an SUV threshold, which was 

applied to the whole body.  The SUV threshold used was 1.5 times the mean SUV of the 

liver plus 2 standard deviations.  The SLR is calculated by placing 2cm spherical 

volumes of interest in the liver and spleen (Figure 5.1).   

https://www.vub.ac.be/en/


129 
  

 

Figure 5.1. Spleen to Liver Ratio (SLR) on positron emission 
tomography 
Example of normal splenic FDG tracer uptake (left) compared to 
abnormally high tracer uptake within the spleen (right).  The SUV is 
calculated by placing 2cm spherical volumes of interest in the liver and 
spleen respectively (as depicted by red circles).  The spleen to liver ratio 
(SLR) is calculated by dividing the SUVmean of the spleen by the 
SUVmean of the liver.  SLR >1.1 is considered abnormally high.   

 

The ratio of the SUVmean of the spleen to the SUVmean of the liver is then calculated.  

A SLR of greater than 1.1 was considered abnormal.  If the patient had metastases in 

either the liver or the spleen, the volumes of interest would be placed in the adjacent 

normal organ tissue to avoid areas of metastases.  The validation sites were only 

required to evaluate the SLR.  Detailed PET acquisition methodology is included in 

supplementary materials (S1).   

 

Statistical analyses 

FDG PET/CT parameters (tumoural SUVmax, MTV and SLR) were tested for 

association with PFS and OS after ipilimumab and anti-PD-1, with treatment line and 

metastasis substage considered as confounding variables(11, 379).  PFS and OS were 
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tested for association with PET/CT parameters using Cox proportional hazards 

regression.  The median tumoural SUVmax and MTV were calculated using all pre-

treatment scans in the discovery cohort (n=110).  These median values were used to 

dichotomize the cohort to compare high tumoural SUVmax versus low tumoural 

SUVmax, as well as high MTV versus low MTV.  Tumoural SUVmax and MTV were 

also analysed as continuous variables.  The SLR normally varies within a tight range of 

0.9-1.0; consequently SLR >1.1 was considered abnormally high and used as the 

threshold for survival analyses.  PFS was assessed and modelled separately for 

ipilimumab and anti-PD-1 and was measured from the start of immunotherapy to the 

date of progression or death; patients were censored at date of last contact.  Progression 

was assessed either clinically (if patient had died or was too unwell for imaging), or 

clinical imaging with either PET, CT or MRI.  OS was assessed and modelled 

separately for a) ipilimumab, b) anti-PD-1 and c) first line immunotherapy (either 

ipilimumab or anti-PD-1, whichever was received first).  OS was measured from start of 

treatment until death or censored at date of last contact.  Other analyses for survival 

after first line immunotherapy considered LDH, metastasis substage (AJCC 7th 

Edition)(11), MTV, ALC and SLR.  Statistical analyses were performed using the base 

package and the survival package (R version 3.4.2).  Kaplan-Meier survival curves were 

used to present survival outcome for SUV and MTV as dichotomized at the median for 

the treatment cohort, or at the abnormal threshold of SLR>1.1.  The additional cohorts 

(UZB and UHZ) were used to validate the association of SLR with OS after 

ipilimumab.    

 

Biological analyses on discovery cohort 
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To explore the relationship between SLR and inflammatory and haematological 

parameters, a multi-variable linear regression model was built to explore predictor 

variables including: neutrophil:lymphocyte ratio, haemoglobin, LDH, ALC x109, 

albumin, lymphocyte: monocyte ratio and patient performance status (Supplementary 

materials S2). 

   

A subset of patients in the discovery cohort were also enrolled in a separate biomarker 

study where their sera were stored at multiple time points.  Pre-treatment samples were 

taken at baseline, prior to treatment at week 3 and prior to week 6.  We sought to 

evaluate baseline and dynamic changes in the cytokine profile of patients with high SLR 

compared to those with normal SLR (Supplementary materials S3).  Stored serum 

samples were tested using the BD Cytometric Bead Array Enhanced Sensitivity kit for 

IL1β, IL2, IL4, IL6, IL10, IL12p70, IL17A, TNF, IFNγ as per the manufacturer’s 

protocol.  Experiments were performed in duplicate.  Samples were analysed using the 

BD FACSVerse analyser and results summarised using Graphpad Prism.   

 

Results: 

Patient and disease characteristics for discovery cohort 

Ninety-one patients received ipilimumab or anti-PD-1 with a pre-treatment FDG PET 

scan in the study period.  One patient had metabolic tumour volume of zero and was 

excluded from all analyses.  Of the 90 evaluable patients: 50 patients received 

ipilimumab only, 20 patients received anti-PD-1 only and 20 patients received 

ipilimumab followed by anti-PD-1.  The cohort of patients is summarised in Table 5.1.  
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The median age of patients was 61 years, 67% were men, and 67% had visceral M1c 

disease.  One patient was excluded from the analyses for SLR as she had previously 

undergone a splenectomy.  

Table 5.1 Patient clinical and disease characteristics 
Patient characteristic n = 90 
Age 
     Mean  60.6  
     Range 30 - 87 
Sex 
     Female 30 (33%) 
     Male 60 (67%) 
Stage 
     IIIC 5 (6%) 
     M1a 7 (8%) 
     M1b 17 (19%) 
     M1c 61 (68%) 
Mutation 
     BRAFV600E 16 (18%) 
     BRAFV600K 2 (2%) 
     BRAF other 5 (6%) 
     RAS 9 (10%) 
     Other 1 (1%) 
     No mutation 54 (60%) 
     Not reported 3 (3%) 
Lactate dehydrogenase (n=78)  
     <1xULN 26 (33%) 
     >1xULN 52 (66%) 
Previous lines of therapy  
     0 52 (58%) 
     1 30 (33%) 
     2 8 (9%) 

 

 

Pre-treatment FDG PET and Patient Survival in discovery cohort 

The 90 patients had a median tumoural SUVmax of 16.6 (Range 2.2-78.2, IQR 12.1-

23.7), median MTV of 60.2ml (Range 0.03-2693.7, IQR 13.5-212.7) and median SLR 

of 0.9 (Range 0.7-1.4, IQR 0.8-1.0).  See Table 5.2 for full details.   
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Table 5.2 Baseline PET parameters of discovery cohort (all patients 
treated with immunotherapy, n =90) 

 

PET, positron emission tomography; IQR, interquarter range; SUVmax, maximum Standardised Uptake 
Value; SUVmean, mean Standardised Uptake Value; MTV, Metabolic Tumour Volume; SLR, Spleen to 
Liver Ratio. 
 

Baseline PET parameters of discovery cohort (patients treated with ipilimumab, 

n=70) 

 

PET, positron emission tomography; IQR, interquarter range; SUVmax, maximum Standardised Uptake 
Value; SUVmean, mean Standardised Uptake Value; MTV, Metabolic Tumour Volume; SLR, Spleen to 
Liver Ratio. 

Baseline PET parameters of discovery cohort (patients treated with antiPD1, n=40) 

 

PET, positron emission tomography; IQR, interquarter range; SUVmax, maximum Standardised Uptake 
Value; SUVmean, mean Standardised Uptake Value; MTV, Metabolic Tumour Volume; SLR, Spleen to 
Liver Ratio. 
 

PET parameter Mean Median Range IQR 

Tumoural SUV max  20.3 16.6 [2.2, 78.21] 12.12 - 23.74 

SUV mean   6.9  6.1 [1.7, 18.92] 5.33 - 7.54 

MTV (mL) 197.6 60.2 [0.03, 2694] 13.47 - 212.74 

SLR   0.9  0.9 [0.669, 1.364] 0.81 - 0.97 

PET parameter Mean Median Range IQR 

Tumoural SUV max 19.3 16.1 [2.2,71.8] [11.6,21.5] 

SUV mean  6.8   6.1 [1.7, 18.9] [5.1 - 7.5] 

MTV (mL)  175.2 36.3 [0.03,2693.7] [12.5,167.1] 

SLR   0.9  0.9 [0.669, 1.364] 0.81 - 0.97 

PET parameter Mean Median Range IQR 

Tumoural SUV max  20.3 16.6 [2.2, 78.21] 12.12 - 23.74 

SUV mean   6.9  6.1 [1.7, 18.92] 5.33 - 7.54 

MTV (mL) 197.6 60.2 [0.03, 2694] 13.47 - 212.74 

SLR   0.9  0.9 [0.669, 1.364] 0.81 - 0.97 
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Nine out of 69 (13%) ipilimumab-treated patients had a high SLR, and 5 of 40 (13%) 

anti-PD-1 patients had a high SLR.  Tumoural SUVmax was not significantly associated 

with PFS after ipilimumab or antiPD1 when dichotomized at the median of the cohort 

(HR 0.78, p = 0.348 and HR 0.81, p = 0.560 respectively).  See Table 5.3(A) for details.  

Tumoural SUVmax was also not significantly associated with PFS when analysed as a 

continuous variable, HR 1.00 for ipilimumab with p=0.74 and HR 0.98 for anti-PD-1 

with p=0.23.  MTV was not statistically significant in its association with PFS when 

dichotomized at the median of the cohort for ipilimumab (MTV> 41ml, HR 1.45 with 

p=0.23) or  for anti-PD-1 (MTV>140ml, HR 0.94 with p=0.86).  MTV was also not 

significantly associated with PFS when analysed as a continuous variable, HR 1.07 for 

ipilimumab with p=0.07 and HR=1.00 for anti-PD-1 with p=0.86.  However, strikingly, 

high SLR > 1.1 was associated with poor PFS after ipilimumab compared to patients 

with normal SLR (median PFS 1.0 vs 3.0 months, HR 3.14 , p = 0.008), but was not 

associated with PFS after anti-PD-1 (median 3.0 vs 3.0 months, HR 0.56, p = 0.324).  

See Figure 5.2 for Kaplan-Meier survival curves for pre-treatment PET biomarkers.   
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Table 5.3 (A) Association between PET parameters and progression 
free survival, for ipilimumab and anti-PD-1 treatment, analysed as 
continuous variable and dichotomized at the median for the cohort 

 
 Ipilimumab (n=70) Anti-PD-1 (n=40) 

PET 

parameter 
Level 

 

n HR HR 95% 
CI P-value Level 

 

n HR HR 95% 
CI P-value 

Tumoural 
SUVmax 

  0.997 [0.978, 
1.02] 

0.74   0.984 [0.958, 
1.01] 

0.23 

MTV 
(mL) 

  1.07 [1.01, 
1.14] 

0.066   0.993 [0.924, 
1.07] 

0.86 

SLR 
  8.24 [1.08, 

63.1] 
0.05   0.904 [0.0623, 

13.1] 
0.94 

Tumoural  
SUVmax 

≤18 39 1 - 0.348 ≤18 16 1 - 0.56 

>18 31 0.78 [0.46, 
1.31] 

 >18 24 0.81 [0.39, 

1.66] 

 

MTV 

(mL) 

≤41 34 1 - 0.231 ≤140 20 1 - 0.86 

>41 36 1.45 [0.79, 
2.68] 

 >140 20 0.94 [0.46, 

1 90] 

 

SLR 
≤1.1 60 1 - 0.008 ≤1.1 35 1 - 0.32 

>1.1 9 3.14 [1.46, 
6.75] 

 >1.1 5 0.56 [0.16, 

1.92] 

 

Anti-PD-1, Anti-programmed death 1 monoclonal antibody; PET, positron emission 
tomography; HR, hazard ratio; CI, confidence interval; SUVmax, maximum 
Standardised Uptake Value; SUVmean, mean Standardised Uptake Value; MTV, 
Metabolic Tumour Volume 

(B) Association between PET imaging parameters and overall survival, 
analysed as continuous variable and dichotomized at the median for the 
cohort 

 Ipilimumab (n=70) 
PET parameter Level n HR HR 95% CI P-value 
Tumoural SUVmax   0.983 [0.95,1.01] 0.24 
MTV   1.000 [1.00, 1.001] 0.03 
SLR   18.71 [1.34, 261.25] 0.02 
Tumoural SUVmax <16.07 35 1 -  

>16.07 35 0.83 [0.42, 1.63] 0.59 
MTV (mL) <41.38 35 1 -  

>41.38 35 1.09 [0.52, 2.29] 0.83 
SLR <1.1 59 1 -  

>1.1 10 5.83 [2.31-14.74] 0.0002 
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 Anti-PD-1 (n=40) 
PET parameter Level n HR HR 95% CI P-value 
Tumoural SUVmax   0.967 [0.93, 1.007] 0.10 
MTV   1.000 [0.9995, 1.001] 0.49 
SLR   2.419 [0.08, 76.00] 0.62 
Tumoural SUVmax <19.33 20 1 -  

>19.33 20 0.57 [0.21, 1.53] 0.27 
MTV (mL) <137 20 1 -  

>137 20 1.67 [0.64, 4.34] 0.29 
SLR <1.1 35 1 -  

>1.1 5 0.92 [0.26, 3.29] 0.89 

 
 First line immunotherapy (n=90) 
PET parameter Level n HR HR 95% CI P-value 
Tumoural SUVmax   0.986 [0.964, 1.01] 0.21 
MTV   1.09 [1.02, 1.15] 0.02 
SLR   17.3 [1.90, 157] 0.02 
Tumoural SUVmax ≤18 49 1 - 0.05 

>18 41 0.57 [0.32, 1.01]  
MTV (mL) ≤76 51 1 - 0.61 

>76 39 1.18 [0.63, 2.23]  
SLR ≤1.1 79 1 - 0.003 

>1.1 10 3.92 [1.76, 8.72]  

PET, positron emission tomography; SUVmax, maximum Standardised Uptake Value; 
MTV, Metabolic Tumour Volume; SLR, Spleen to Liver Ratio. 
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Figure 5.2 (A). Kaplan Meier curves of FDG PET parameters and 
Progression free survival after ipilimumab; (B). Kaplan Meier curves of 
FDG-PET parameters and Progression free survival after anti-PD-1; 
(C). Kaplan Meier curves of FDG-PET parameters and overall survival 
from the start of first line immunotherapy; (D). Kaplan Meier curves of 
Spleen to Liver Ratio (SLR) and overall survival after ipilimumab and 
anti-PD-1 respectively 
Kaplan Meier survival curves for progression free survival after ipilimumab 
or anti-PD-1 and its correlation for SUVmax, Metabolic Tumour Volume 
(MTV) and spleen to liver ratio (SLR) respectively.  High SLR was 
significantly correlated with PFS after ipilimumab (median PFS 1.0 vs 3.0 
months, HR 3.14 , p = 0.008), but was not associated with PFS after anti-
PD-1 (median 3.0 vs 3.0 months, HR 0.56, p = 0.324.  High SLR was 
associated with poor OS after first line immunotherapy (ipilimumab or anti-
PD-1), median 1 vs 14 months; HR 3.92, p=0.003. Neither SUVmax nor 
MTV was significantly associated with PFS or OS after either treatment.  
High SLR was associated with poor OS after ipilimumab (median 1 v 21 
months, HR 5.83, p=0.0001.  High SLR was not associated with OS after 
anti-PD-1 treatment (median 8.8 v 9.7 months; HR 0.92, p=0.89).    
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Overall survival was calculated from date of first treatment separately for each agent, as 

well as for date of first line immunotherapy.  High SLR was also associated with short 

OS as calculated from start of first line immunotherapy (median 1.0 month vs 14.0 

months respectively, HR 3.92, p = 0.003) .  See Table 5.3B and Figure 5.2C.  Patients 

with high SLR >1.1 also had significantly worse OS compared to patients with normal 

SLR after ipilimumab (median 1 vs 21 months; HR 5.83, p= 0.0001).  See Figure 5.2D.  

High SLR was not associated with OS after anti-PD-1 treatment (median 8.8 v 9.7 

months; HR 0.92, p=0.89).    

Again, high tumoural SUVmax was not associated with OS after first line 

immunotherapy compared to low tumoural SUVmax, (median OS 14.0 vs 9.0 months, 

HR 0.57, p=0.053).  High tumoural SUVmax was not associated with OS after 

ipilimumab (HR 0.83, p=0.59) or after anti-PD-1 (HR 0.57, p=0.267).  SUVmax also 

not significantly associated with OS after first line immunotherapy when analysed as a 

continuous variable, HR 0.99 with p=0.21.     

Interestingly, high MTV were not associated with OS after first line immunotherapy 

compared to patients with low MTV when dichotomised at the median (median OS 9.0 

vs 20.0 months, HR 1.18, p=0.606) but MTV was significantly associated with OS 

when analysed as a continuous variable (HR 1.09, p=0.020).  Similarly, high MTV was 

not associated with OS after ipilimumab (HR 1.08, p=0.827) or after anti-PD-1 (HR 

1.67, p=0.294).  We explored this further by splitting the cohort into MTV quintiles and 

found that the quintile with the lowest level of disease had excellent OS whereas the 

remaining 4 quintiles all appeared to have similar OS.  This suggests a degree of non-

linearity between the MTV and OS with excellent survival in patients with very low 

volume of disease as shown in Figure 5.3.   
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Figure 5.3 Overall survival curves stratified by metabolic tumour 
volume quintile 
High metabolic tumour volume (MTV) was not associated with OS compared to patients 
with low MTV when dichotomised at the median (HR 1.18, p=0.606) but MTV was 
significantly associated with OS when analysed as a continuous variable (HR 1.09, 
p=0.020).  To explore this further, the discovery cohort was split into MTV quintiles and 
found that the quintile with the lowest level of disease had excellent OS whereas the 
remaining 4 quintiles all appeared to have similar OS.  This suggests a degree of non-
linearity between the MTV and OS. 
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Multivariable analysis for progression free survival and overall survival in discovery 

cohort 

On multivariable analysis, SLR was independently associated with survival, with HR 

3.58 (95% CI 1.34-9.61), p 0.0026.  The other variables including LDH, metastasis 

substage, MTV, absolute lymphocyte count (ALC) were all non-significant. See Table 

5.4 for details.  For PFS analysis, multivariable analysis was performed only for the 

ipilimumab-treated cohort of patients, as the univariable regressions for anti-PD-1 all 

resulted in non-statistically significant p-values (>0.05).  For PFS after ipilimumab, 

SLR was associated with HR 2.67 (95% CI 1.13-6.33), p= 0.042.   
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Table 5.4 (A) Multivariate analysis for progression free survival after 
ipilimumab 

Predictor Level HR HR 95% CI P-value 

LDH 
≤ULN 1 - 

0.738 
>ULN 1.12 [0.58, 2.14] 

Stage 
not M1c 1 - 

0.431 
M1c 1.32 [0.66, 2.67] 

MTV 
≤41 1 - 

0.334 
>41 1.39 [0.71, 2.70] 

ALC 
≤1 1 - 

0.083 
>1 0.55 [0.28, 1.06] 

SLR 
≤1.1 1 - 

0.042 
>1.1 2.67 [1.13, 6.33] 

LDH, lactate dehydrogenase; ULN, upper limit of normal; MTV, Metabolic Tumour Volume; ALC, 
Absolute Lymphocyte Count; SLR, Spleen to Liver Ratio 
 

(B) Multivariate analysis for overall survival after first line 
immunotherapy 

Predictor Level HR HR 95% CI P-value 

LDH 
≤ULN 1 - 

0.076 
>ULN 2.13 [0.89, 5.08] 

Stage 
not M1c 1 - 

0.163 
M1c 1.88 [0.75, 4.75] 

MTV 
≤76 1 - 

0.973 
>76 1.01 [0.51, 2.02] 

ALC 
≤1 1 - 

0.164 
>1 0.61 [0.30, 1.21] 

SLR ≤1.1 1 - 0.026 

 >1.1 3.58 [1.34, 9.61]   

LDH, lactate dehydrogenase; ULN, upper limit of normal; MTV, Metabolic Tumour Volume; ALC, 
Absolute Lymphocyte Count; SLR, Spleen to Liver Ratio 
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Validation cohort 

110 patients treated with ipilimumab between May 2007 and April 2015 were included.  

Fifty-eight patients were from UZ Brussel, Brussels and 52 patients were from 

University Hospital Zurich, Zurich.  Patient and disease characteristics are described in 

Supplementary materials S4.  There were higher proportions of patients with M1c in the 

Brussels cohort but this difference was negligible when the patients were combined into 

a single validation cohort  (68% of the discovery cohort had M1c disease compared to 

73% of the validation cohort).   The proportion of patients with the high SLR was also 

lower in the European cohort compared to Australian patients (4% compared to 13%).  

Despite these differences, SLR>1.1 was still associated with poor OS after ipilimumab 

(median 2.3 months versus 11.9 months, HR 3.74, CI 1.34-10.4), as shown in Figure 4.   

  

https://www.vub.ac.be/en/
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Figure 5.4 SLR and overall survival after ipilimumab in the validation 
cohort 
High SLR was associated with poor overall survival after ipilimumab treatment.  This was 
validated in an external cohort (n=110 patients) from Brussels and Zurich (median 2.3 
months versus 11.9 months, HR 3.74, CI 1.34-10.4).   
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Biological analyses for discovery cohort 

We sought to explore the cause of the raised SLR.  We compared the PET parameters of 

liver and splenic SUV in patients with raised SLR and normal SLR. In patients with 

raised SLR, the mean and median liver SUV was 2.0 with an interquartile range (IQR) 

of 0.5, which is slightly lower than the normal reference range (lower limit of normal 

for liver SUV was 2.3)(469).  In contrast, the normal SLR group had a mean and 

median liver SUV of 2.4, IQR 0.6; which is within the normal reference range.  Within 

the high SLR group, the  mean and median splenic SUV was 2.4, with IQR of 0.4; 

whereas in normal SLR group, where the mean and median splenic SUV was 2.1, IQR 

0.5. 

To explore the relationship of SLR and inflammatory or haematological parameters, a 

multivariable linear regression model for SLR was considered, considering: Neutrophil: 

Lymphocyte Ratio, Absolute Neutrophil Count (<7.5 vs. ≥7.5), Haemoglobin (<120 vs. 

≥120), LDH (≤ULN vs. >ULN), ALC x109 (<1 vs. ≥1), albumin (<35 vs. ≥35), 

Lymphocyte: Monocyte ratio and patient performance status.  Only albumin was found 

to be significantly associated with SLR, beta -0.15 (CI -0.209, -0.091, p<0.001).  See 

supplementary materials S2.  Given that albumin is a negative acute phase marker (i.e. 

decrease during inflammation), the inflammatory cytokine profile was examined in 

patients with stored sera. 

14 patients in the discovery cohort had evaluable stored sera from baseline, week 3 and 

week 6 post commencement of ipilimumab.  Of these patients, 13 had normal SLR, 

whereas one patient had high SLR>1.1.   There were no major differences in the 

baseline levels nor the dynamic changes in IL2, IL1 beta, IL4, IL6, IL10, IL17, 

IL12p70, IFN gamma and TNF alpha post ipilimumab, when comparing the patient 
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with high SLR to others with normal SLR. Patients with progressive disease and high 

SLR were both observed to have a logarithmic increase in IL6 and IL10 at week 3 and 

week 6.  See supplementary materials S3.  

Discussion 

High SLR on pre-treatment FDG-PET was associated with poor OS after ipilimumab 

for advanced melanoma in our study.  This finding was then validated in an additional 

combined cohort of patients from two separate institutions.  Although only a small 

proportion of patients exhibited high SLR (i.e. only 10% of the discovery cohort and 

4% of the validation cohort), it is noteworthy that these patients had a very poor 

prognosis after ipilimumab (OS 1-3 months compared to 10-15 months in phase III 

studies)(166, 167, 186).  In the discovery cohort, high SLR was associated with poor 

PFS after ipilimumab but not after anti-PD-1.  This may be due to the small sample size 

of the anti-PD-1 cohort or it may be due to the different mechanisms of action between 

the two treatments.   

Caution is advised when interpreting the overall survival analyses for each 

immunotherapy separately.  Patients in this study was treated during a transitional 

period where ipilimumab was the standard first line immunotherapy at the start of the 

study period (n=50).  Patients who received first line ipilimumab were able to receive 

anti-PD-1 upon disease progression  (n=20).  Towards the end of the study period, 

patients were able to receive anti-PD-1 as their first line therapy (n=20).  The overall 

survival analysis of a cancer treatment could be influenced by subsequent treatments.  In 

the case of immunotherapy, there is also the potential that overall survival is influenced 

by prior treatments given the long half-life of these agents and possible changes to the 

patients’ immune system following first line treatment.  We attempted to address this in 
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the study by analysing the overall survival from the start of the first line immunotherapy 

treatment so that patients contributed only once to survival censoring (n=70).  Using 

this analysis method, high SLR remained associated with poor OS after first line 

immunotherapy.         

The mechanism for high splenic avidity is not well understood.  The spleen, being the 

largest lymphoid organ in the human body, is the site of immune cell activation and 

maturation.  Increased splenic avidity on FDG-PET has been previously reported in 

lymphoma, granulomatous diseases, GCSF injections and interferon-alpha 

administration in melanoma(464).   Pak and colleagues have also studied this 

phenomenon more extensively in the context of cholangiocarcinoma(287).  They 

showed that high splenic avidity is associated with poor survival in patients with 

metastatic cholangiocarcinoma(288).  However, this signature has not been studied 

prior to immune modulation with ipilimumab or anti-PD-1 in the setting of advanced 

melanoma.   

Pak et al demonstrated that high SLR in patients with cholangiocarcinoma is associated 

with markers of inflammation including leucocytosis, raised CRP, raised levels of IL-

1b, IL-1RA, IL-4, IL-6, IL-7 and IL-13(287).  These inflammatory cytokines are 

suggestive of an acute phase inflammatory response or activation of humoral immunity.  

In our cohort, we found that patients with high SLR post ipilimumab were more likely 

to have low albumin, but importantly independent of leucocytosis or high 

neutrophil:lymphocyte ratio.  Our cohort of 14 patients with stored sera was too small to 

perform comparative statistics but we did not find any striking differences in the 

cytokine profile of the patient with high SLR.  It would be of interest to explore in 

future studies whether this splenic avidity is a result of systemic cytokines or 

preferential glucose metabolism in specific immune cells within the spleen.  We 
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postulate that the failure to control disease despite already invoking immune activation 

may underlie the lack of benefit from further stimulation by immunotherapy. 

 

Additionally, the abnormal SLR group was associated with decreased hepatic uptake as 

well as increased splenic uptake.  This raises the possibility that SLR could be related to 

both reduced liver SUV as well as high splenic SUV rather than either factor alone.  

However, our study only included a small number of patients with raised SLR signature 

so it would be important to explore this in larger cohorts.    

No evidence of association between high tumoural SUVmax and outcome after 

immunotherapy was found.  This may be because tumoural glucose uptake is not only 

due to malignant cells, but also is caused by immune cells as part of immune activation.  

Therefore, examination of tumoural SUVmax alone may be problematic in the context 

of immunotherapy and diseases in which immune modulation is important for disease 

outcomes.  MTV was not associated with PFS in either ipilimumab or anti-PD-1 in our 

cohort but was significantly associated with OS when analysed as a continuous variable.  

The patient group with very low levels of tumour volume appeared to have very good 

survival whereas the relationship did not appear linear at larger tumour volumes, this 

finding needs to be taken with caution given it has not been externally validated.  

However, it does appear to be in keeping with the findings of other investigators who 

have also correlated anti-PD-1 response with tumoural burden as measured by CT(159, 

478).  Our cohort predominantly evaluated patients treated with ipilimumab, and only 

included 40 patients treated with anti-PD-1.  It may be that MTV is of higher predictive 

value for anti-PD-1 alone and should be evaluated in a larger cohort to better understand 

an optimal threshold for analysis, and its utility for that treatment.   
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From a technical standpoint, SLR may be an easier parameter to apply clinically than 

absolute thresholds of significance for parameters such as tumoural SUV or 

MTV.Despite effort to harmonise its measurement (475), tumoural SUVmax can be a 

more challenging parameter to reproduce in multi-centre studies, owing to the need 

for the same imaging systems, acquisition parameters, reconstruction parameters, and 

tracer uptake times in order to obtain an accurate and reproducible measurement of 

SUVmax.  In the case of the SLR, the precise measure of SUV is less important.  

Examination of the same patient on multiple scanners, may produce different SUV but 

the ratio will remain the same.  Consequently, this makes SLR a more robust measure 

for comparison between different study sites.   

Our study does shift the focus of functional imaging of the tumour alone to the role of 

functional imaging of the host immune system.  This additional use of PET scans gives 

a snapshot of the host immune status and may complement other biomarkers as 

suggested by Blank et al(376).  Further understanding of the biological significance of 

avidity and activation of splenic avidity or draining lymphatics of the tumour may 

improve the understanding of not only the mechanism of action of immunotherapies, 

but also possible targets for future research into specific body sites contributing to 

treatment resistance.        

Our study was limited by its retrospective nature,  its relatively small sample size and 

lack of homogenous assessment modalities for PFS.  Our findings were validated in an 

independent cohort albeit only in a small number of patients exhibited high SLR.  The 

combined validation cohort had a similar proportion of patients with M1c disease but 

there was variation in the prior treatments received.  Despite the low occurrence of high 

SLR, this parameter was associated with very poor clinical outcome and may be useful 

in identifying patients who should not receive ipilimumab treatment.  This parameter 
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also needs to be prospectively assessed in larger cohorts of patients treated with second 

line ipilimumab or ipilimumab combinations (ipilimumab/nivolumab).  

Conclusion 

Pre-treatment high SLR on FDG PET/CT was associated with poor outcome after 

ipilimumab in advanced melanoma.  Further prospective validation of this FDG 

PET/CT signature is required, particularly in larger cohorts of patients treated with anti-

PD-1 or ipilimumab combination therapies.   
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List of abbreviations 

ALC  Absolute Lymphocyte Count 

Anti-PD-1 Anti-programmed death 1 monoclonal antibodies 

BLR  Bone to Liver Ratio 

FDG PET Fluorodeoxyglucose Positron Emission Tomography 

HR  Hazard Ratio 

IQR  Interquartile Range 

LDH  Lactate Dehydrogenase 

MTV  Metabolic Tumour Volume 

OS  Overall survival 

PET  Positron Emission Tomography 

PFS  Progression free survival 

PMCC  Peter MacCallum Cancer Centre  

SLR  Spleen to Liver Ratio 

SUVmax Maximum Standardised Uptake Value 

ULN  Upper limit of normal 
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Supplementary materials 

S1. Detailed PET acquisition methodology 

FDG-PET scans were performed after patients fasted for at least 6 hours, and plasma 
glucose levels were determined to document euglycemia. 18FDG was administered 
intravenously according to weight (0.15 mCi/kg, ranging from 3 to 16 mCi) and images 
were acquired after a distribution time of approximately 60 minutes. Images were 
obtained from the base of the skull to extremities. FDG-PET images were corrected for 
attenuation. Metabolic tumor volume was calculated by multiplying the number of 
abnormal voxels identified within the volume of interest by the known voxel volume.    

The Spleen to liver ratio is calculated by placing spherical volumes of interest that are 
2cm in diameter in the Liver and spleen.  The ratio of the SUVmean of the spleen to the 
SUVmean of the liver is then calculated.  A spleen to liver ratio of greater than 1.1 is 
considered abnormal.  Below is an example of normal (left) and abnormal spleen to 
liver ratios (right). 

 

 

 

The whole body metabolic tumour volume (MTV), measured in mL, is quantified on the 
FDG-PET/CT scans by adapting the PERCIST recommendations for contouring FDG 
avid disease (R. L. Wahl, H. Jacene, Y. Kasamon and M. A. Lodge, J Nucl Med 50 
Suppl 1, 122S-150S (2009)). All FDG-avid disease was contoured using an SUV 
threshold that was applied to the whole body.  The SUV threshold used was 1.5 times 
the mean SUV of the liver plus 2 standard deviations.  All normal physiologic uptake 
(brain, kidneys, bladder etc) was manually excluded from the whole body volume of 
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interest as shown in the example below.  The following parameters for the Whole Body 
disease volume of interest are recorded: 

• SUVmax 
• SUVmean 
• Metabolic Tumour Volume (ml) 

 

 

 

  



156 
  

S2. Multi-variable linear regression model for spleen to liver ratio 

A multivariate linear regression model for SLR was considered, with all of the 
following considered as candidate covariates: NLR, Neutrophils (<7.5 vs. ≥7.5), Hb 
(<120 vs. ≥120), LDH (≤ULN vs. >ULN), ALC x109 (<1 vs. ≥1), Albumin (<35 vs. 
≥35), LMR and ECOG-PS. (NLR = Neutrophil to Lymphocyte ratio, LMR = 
Lymphocyte to Monocyte ratio). A forward selection approach to model construction 
was used, whereby, commencing with the null model, the most significant covariate not 
in the model was added successively until no further covariates significant at the 0.05 
level could be found. Using this approach only 1 covariate from the list above was 
found to be significant.  Beta is the modelled slope of the regression line. In this case, 
since the predictor (Albumin) is dichotomous, it represents the modelled difference in 
SLR between patients with albumin <35 and patients with albumin ≥35. 

Multivariate linear regression results for SLR 

Predictor Level beta beta 95% CI N P-value 

Albumin 
<35 0 - 21 

<0.001 
≥35 -0.15 [-0.209, -0.091] 67 
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S3. Cytokine profile of patients treated with ipilimumab (n=14) 

 

  



158 
  

S4. Baseline demographic and disease characteristics of validation cohort  

Demographic or Characteristic 
Site 

Brussels (n = 58) Zurich (n = 52) 

Sex 
Female 28 (48%) 26 (50%) 

Male 30 (52%) 26 (50%) 

Stage 

IIIC 2 (3%) 5 (10%) 

M1a 4 (7%) 4 (8%) 

M1b 3 (5%) 11 (21%) 

M1c 49 (84%) 32 (62%) 

Mutation 

BRAF V600E/K 16 (28%) 7 (13%) 

RAS/NRAS  0 (0%) 16 (31%) 

BRAF Wildtype 22 (38%) 25 (48%) 

Other 2 (3%) 2 (4%) 

Unknown 16 (28%) 2 (4%) 

Prior lines of therapy 

0 10 (17%) 25 (48%) 

1 44 (76%) 23 (44%) 

2 4 (7%) 4 (8%) 

SLR  

Mean (SD) 0.82 (0.1) 0.90 (0.1) 

Median [range] 0.81 [0.44 - 1.28] 0.9 [0.7 - 1.3] 

IQR 0.73 - 0.89 0.8 - 1 

SLR 
≤1.1 57 (98%) 49 (94%) 

>1.1 1 (2%) 3 (6%) 
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5.2 Early treatment PET/CT response as a biomarker 

The previous subchapter explored baseline PET as a biomarker for ICI in patients with 

melanoma.  This subchapter will focus on the value of ‘early on-treatment’(EOT) PET 

scans as a potential predictor of clinical outcome after ICI.  As per clinical trials, disease 

response to a particular treatment is normally reassessed after 3 months of therapy.  

Some investigators have evaluated the prognostic value of an early PET scan in 

predicting treatment response.   

Baseline and day-15 FDG PET was evaluated in 31 patients treated with vemurafenib as 

part of a phase 1b dose-finding clinical trial (258).  In the 27 patients treated with 

therapeutic levels, 80%+3% of patients exhibited a metabolic response on FDG PET, 

with reduction in SUVmax and 87%+3% decrease in the percentage of injected dose 

(%ID).  This small study did not show a relationship between reduction in SUVmax and 

response by RECIST criteria.  It did, however, show a trend towards improved PFS in 

patients who experienced more than 82% reduction in the SUVmax (median SUVmax 

reduction of the cohort), HR 0.34; 95% CI 0-0.7. 

Another study  reported on baseline and day-15 FDG PET in patients treated with 

dabrafenib as part of a phase 1 clinical trial (479).  Twenty-six percent of the 23 patients 

exhibited a heterogeneous response to therapy (defined as complete metabolic 

response/partial metabolic response with progressing or new lesions within a patient, or 

>10% of the lesions with a stable metabolic response).  A heterogeneous response on 

day 15 scan was associated with a short time to progression: median 3.0 months 

compared to 7.4 months in patients with homogenous response (p= 0.032); however, it 

did not influence OS.  Overall, these two studies indicate that the majority of patients 

exhibited a homogenous response to BRAF inhibitors, even as early as two weeks after 

the initiation of treatment.   

There are also data pertaining to metabolic responses in early FDG PET scans 6 weeks 

after the start of treatment, being correlated with tumour response in 29 patients with 

non-small cell lung cancer who were treated in a phase II clinical trial of atezolizumab, 

an anti-PD-L1 monoclonal antibody (480).  However, it is not known whether early 

response on FDG PET can predict long term clinical benefit in advanced melanoma.       
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Tan and colleagues described the FDG PET responses observed in 104 patients with 

metastatic melanoma treated with anti-PD-1 monotherapy (67%) or combined with 

ipilimumab (31%) in a retrospective study (481).  In this study, baseline imaging was 

compared with 1-year landmark FDG PET or CT.  Response rates were assessed using 

EORTC criteria for PET and RECIST criteria for CT.  At 1 year, 75% of patients had 

CMR, 16% PMR and 9% SMD/PMD on PET, whereas 28% had CR, 66% had PR and 

6% had SD on CT.  RECIST PFS was similar in patients with CR compared to PR/SD 

on CT, whereas patients with CMR had a higher RECIST PFS compared to non-CMR 

(median not reached NR vs 12.8 months, HR 0.06, p<0.01).  PET may be able to further 

delineate the patients with PR on CT into prognostic groups, where patients with CMR 

within this group have durable response compared to those without CMR(median NR vs 

12.8 months; HR 0.07, p< 0.01).  This study suggests that PET is superior to CT, at one 

year, in predicting long term clinical benefit.     

There are two studies that have evaluated early PET responses in patients with 

metastatic melanoma.  These are both retrospective studies with only a small number of 

patients.  The first is a published prospective study of twenty patients who were treated 

with immune checkpoint inhibitors (16 ipilimumab, 3 anti-PD-L1, 1 anti-PD-1) (482).  

In this study, FDG PET scans were performed at baseline (scan 1), 21-28 days post 

treatment commencement (scan2), and at 4 months post treatment commencement (scan 

3).  Scan 2 was able to predict the best observed response in Scan 3 (i.e. at 4 months) 

with 75%, 70%, 70%, and 65% accuracy when using RECIST 1.1, IrRC, PERCIST and 

EORTC PET criteria respectively.  Authors also reported an inter-criteria discrepancy 

on scan 2 owing to the early FDG uptake of tumours which eventually regressed.  While 

this study is prospective and evaluated 4 different criteria used in clinical trials, the 

study included different ICI which may have varying tumour responses observed on 

PET due to their different mechanisms of action (117).             

5.2.1 Aim 

The aim of this subchapter was:  

To evaluate early PET scan response (after 2-3 weeks of treatment) as a predictor of 

clinical outcome of response at 6 months after ipilimumab or anti-PD-1 for 

advanced melanoma.   
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5.2.2 Summary of Results 

There were 16 patients in each treatment group (of ipilimumab or antiPD-1) where 

patients had matched baseline and early on-treatment PET scans.   

Table 5.5 Early on-treatment PET parameters compared to baseline 
PET prior to ipilimumab or anti-PD-1 

 
EOT PET 

changes after 

ipilimumab Mean Median Range IQR 

SUVmax 6.125 8 [-90,99] -22 - 32 

MTV 242.8 24.5 [-89,1450] -31 - 335 

SLR -0.4 4 [-64,45] -15 - 10 

 

EOT PET 

changes after 

anti-PD-1 Mean Median Range IQR 

SUVmax 22.31 14 [-96,170] -47 - 77 

MTV 232.3 74.5 [-97,1557] -23 - 196 

SLR 8.188 3.5 [-27,75] -6 - 12 
 

 
Table 5.5 shows the mean, median, range and interquartile range for the 
changes observed between the baseline pre-treatment PET scan and the 
early on-treatment PET scan performed 2 to 3 weeks after the 
commencement of therapy.  The average change in SUVmax and MTV 
shows an increase for both therapies on the EOT PET.  The mean SLR is 
reduced on the EOT PET, whereas the mean SLR has increased after anti-
PD-1.  EOT PET, Early on-treatment positron emission tomography; IQR, 
interquartile range; SUVmax, maximal tumoural SUV; MTV, metabolic 
tumour volume; SLR, Spleen to Liver Ratio. 

 

1. On the EOT PET after ipilimumab, 38% of patients had a decrease in SUVmax, 

31% of patients had a decrease in MTV, and 38% of patients had a decrease in 

SLR.  Changes in these EOT PET parameters of SUVmax, MTV or SLR, did 

not correlate with response at 6 months to ipilimumab.  None of the 6 patients 

with a decrease in SLR had progressive disease (see figure of waterfall plots of 

early on-treatment PET changes after treatment with ipilimumab monotherapy 

and anti-PD-1 monotherapy).     
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2. On the EOT PET after anti-PD-1, 50% of patients had a decrease in SUVmax, 

38% of patients had a decrease in MTV, and 31% of patients had a decrease in 

SLR.  Changes in these EOT PET parameters did not correlate with response at 

6 months to anti-PD-1.    

3. Overall survival did not correlate with EOT PET changes in SUVmax, MTV 

using a 30% reduction as a threshold.  OS did not correlate with an absolute 

decrease in SLR.  See Figure 5.5.   
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Figure 5.5 Kaplan-Meier survival curves for patients treated with 
either ipilimumab (n=16) or anti-PD-1 (n=16) and its association with 
EOT PET changes.   
Survival was stratified by changes on early on-treatment PET scan, using 
30% change for SUVmax or metabolic tumour volume.  Given the tightly 
controlled threshold for SLR, an absolute increase or decrease was used to 
stratify the cohort.  Overall survival was not significantly associated with 
changes in any of the parameters on EOT PET.   
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5.2.3 Discussion 

Early on-treatment PET scans correlated poorly with subsequent treatment responses in 

this study.  There were 16 ipilimumab treated patients who had matched baseline and 

EOT PET scans and 16 anti-PD-1 treated patients who had matched PET scans.  Early 

changes in MTV, SUVmax or SLR did not correlate with subsequent treatment 

responses at 6 months.  A limitation of the study is that the method of treatment 

response assessment at 6 months was heterogeneous (with a mixture of PET, CT, MRI 

or clinical).  Despite this, changes in SUVmax, MTV and SLR did not correlate with 

overall survival in either ipilimumab or anti-PD-1.     

Firstly, for ipilimumab treated patients, EOT scans of SUVmax showed both false 

positives as well as false negatives (i.e. reduction in SUVmax was seen in patients with 

progressive disease, and increase in SUVmax was seen in patients whose disease 

subsequently responded).  This was similarly seen for patients treated with anti-PD-1.  

The variation in FDG uptake after treatment with ICI is in contrast to early responses 

seen in tumoural lesions after BRAF molecularly targeted treatments, where tumours 

showed a marked and homogenous reduction in SUVmax (258).  This may be owing to 

the differential mechanisms of action: where molecularly targeted treatments 

downregulate the abrogated tumoural pathways of cellular metabolism.  This is in 

contrast to immune checkpoint blockade where successful tumour responses involve 

metabolically active immune cells (158, 299) and therefore would be indistinguishable 

from a tumour that is highly FDG avid due to tumoural uptake.  

Regarding tumour burden, 5 out of 10 patients who had an increase in MTV after 

ipilimumab experienced a subsequent tumour response (including 3 patients who had 

complete response).  While this phenomenon of ‘pseudo-progression’ has been 

observed on CT imaging (483), it has not yet been well documented on FDG PET.  In 

contrast, there was only 1 patient out of 10 with increase in MTV who experienced a 

subsequent partial response following anti-PD-1 in our small study.  This may reflect 

the different tumoural response after anti-PD-1 compared to ipilimumab; this needs to 

be explored in larger studies.  Given the false positives (i.e. patients who have a 

subsequent treatment response despite initial increase in MTV), it may be that 2-3 

weeks after treatment initiation is too early for treatment response to be assessed after 

anti-PD-1 or ipilimumab.   
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Interestingly, 6 patients were observed to have a reduction in SLR on their EOT PET.  

None of these patients had progressive disease at 6 months.  This is in contrast to SLR 

response after anti-PD-1, where 4 of the 6 patients with a reduction of SLR had 

progressive disease at 6 months.  There was no statistical difference in overall survival 

in those with a reduction of SLR compared to those with no change or increase in SLR 

(median OS not reached v 22 months, p=0.82).  Given our other findings of poor 

survival after ipilimumab in patients with high SLR, it was of interest to find that a 

reduction of this parameter was associated with response at 6 months.  Future studies 

evaluating dynamic changes observed with normalisation of SLR may be worthwhile.   

Changes on EOT PET were not correlated with survival by log-rank test in this small 

study.  Larger studies are needed to examine PET parameters and their correlation to 

survival.  Optimal thresholds of parameter change will also need to be identified using 

larger cohorts.  Other larger studies examined the utility of FDG PET at one year, 

demonstrating that complete metabolic response was better able to predict survival 

compared to CT treatment response assessment alone at this later point in time (481).  

This small study has raised some of the challenges of using FDG PET as an early 

predictor of outcome to ICI.  Our study was limited by the heterogeneous methodology 

of response assessment at 6 months to define clinical benefit, but nonetheless there did 

not appear to be any correlation between EOT PET changes and survival.  Future 

studies involving larger groups of patients in comparison with a unified treatment 

response assessment are needed to fully explore the value of EOT PET after ICI.  PET 

treatment response assessment at a later time appears to be a more promising way of 

using FDG PET(481).  Radiotracers directly targeting the PD-1/PD-L1 pathway or T 

cell activation may overcome some of the challenges that are encountered with FDG-

PET.     

5.2.4 Conclusion 

Baseline FDG PET parameter of high spleen to liver ratio was associated with poor 

survival after ipilimumab at an Australian academic cancer centre, and validated in a 

combined patient cohort from two European cancer centres.  The underlying mechanism 

of high spleen to liver ratio is not known but it was associated with low albumin, likely 

as part of an acute phase inflammatory response.  SUVmax and MTV were not 
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associated with survival in our cohort but larger studies need to be used to assess for 

optimal thresholds for these PET parameters as biomarkers.         

In a small subset of 32 patients treated with either ipilimumab or anti-PD-1, early on-

treatment FDG PET scans did not correlate well with subsequent response.  Several 

challenges are evident in the use of FDG PET as response assessment at an early on-

treatment time point, particularly as an increase in MTV or SUVmax can be associated 

with subsequent response at 6 months.  Furthermore, early decreases in MTV or 

SUVmax can be associated with treatment progression.  Reduction in SLR was 

observed in patients with clinical benefit from ipilimumab but this needs to be evaluated 

in larger cohorts.    
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6 Comparison of immune profile of UV related 

cutaneous malignancies 
 

6.1.1 Introduction 

Immune checkpoint inhibitors have been successful in not only melanoma, but other 

chemotherapy-refractory cutaneous malignancies such as Merkel cell carcinoma (MCC) 

and cutaneous squamous cell carcinoma (cSCC).  This may potentially be related to the 

UV-related aetiology of these cancers and the resultant high tumour mutation burden.  

Different mechanisms of immune activation may be highlighted by in-depth comparison 

of immune infiltrates, PD-L1 expression and genomic characterisation of immune 

processes present across these three cutaneous cancers.  More in-depth study of the 

tumour immune profile of early stage melanoma and how it compares to other UV-

related skin cancers will not only improve the understanding of tumour immuno-biology 

but may have implications for biomarker development in skin cancers.   

This chapter characterised and compared the immune landscape of these three skin 

cancers by using orthogonal methods of multi-spectral immunohistochemistry and bulk 

RNA-sequencing.  Comparison of the genomic characteristics associated with PD-L1 

expression may highlight the different immune processes at play in these cancers.   

6.1.1.1 Multi-spectral immunohistochemistry 

 

Until recently, the characterisation of tumour infiltrating immune cells in pre-treatment 

biopsies has been performed using traditional immunohistochemistry (IHC) 

methodologies, where single antibody stains are applied to formalin fixed paraffin 

embedded tissue sections, to identify the presence of immune cells within the 

histological samples.  While traditional IHC is a standard clinical laboratory technique 

that is widely available, the identification of immune cells is limited by the few 

antibody stains possible on a single histological section.  Novel multiplexed IHC 

techniques were needed to improve the characterisation of the immune 

microenvironment within the tumour.  Opal™ 7 colour Kit (PerkinElmer) is a novel 

IHC technique using immunofluorescence which allows 7 antibodies to be visualised 
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simultaneously, providing an in-depth characterisation of immune subsets within 

various tissue compartments e.g. tumour, peri-tumour or stroma (484, 485).  This 

technology not only enables the enumeration of cellular subsets but identifies the exact 

location of cells within the section which enables an assessment of the spatial 

relationships between cells. 

Melanoma 

As previously described in the literature review [Chapter 1.3.3], tumour infiltrating 

lymphocytes and CD8 lymphocytes have been associated with good prognosis in 

melanoma.  PD-L1 expression has also been extensively studied in melanoma, with 

studies reporting positive staining in approximately a third of samples in early stage 

disease and inflamed benign naevi (138, 486).  These studies have also shown a strong 

correlation between PD-L1 staining and tumour infiltrating lymphocytes (approximately 

90%) which mediated by interferon-γ signalling (138).  PD-L1 expression was 

associated with good prognosis in metastatic disease but was not associated with 

prognosis in early stage disease (138).  However, little is known about the spatial 

relationship between PD-L1 staining cells and the different subsets of T cells.    

MCC 

A few recent studies have characterised the immune infiltrates within MCC.  Similar to 

melanoma, CD8 lymphocytes have been associated with good prognosis: one study of 

151 cases of MCC (38-55% with localised disease) validated intratumoural CD8 

lymphocytes and their correlation with improved MCC-specific survival (487).  

Regarding PD-L1, positive staining was observed in 29 of 67 specimens (half of which 

were localised disease) (488).  All specimens with PD-L1 positivity were correlated 

with immune infiltrates and all but one sample showed PD-L1+ cells were associated 

with clusters of T cells nearby.  PD-L1 negativity was associated with poor survival.  

Within this cohort, 25/32 (78%) patients had MCPyV positive tumours, and all MCPyV 

negative tumour were all PD-L1 negative.  Given that MCPyV comprise the majority of 

MCC in Australia, further study of T cell subsets and PD-L1 staining in MCPyV- MCC 

is needed.      

cSCC 

Several studies have evaluated the presence of immune cells in cSCC.  Interestingly, the 

presence of CD4 and CD8 T cells and FOXP3 cells was associated with tumour 
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aggressiveness and higher grade disease in one study (489).  Similarly, another study of 

97 cSCC samples showed that Tregs and OX40+ lymphocytes were also associated with 

metastatic potential and poor prognosis (490).  PD-L1 expression as evaluated by 

tumour proportional score (percentage of viable tumour cells expressing PD-L1) was 

also evaluated in 40 primary cSCC and 5 metastatic cSCC in one study (491).  In this 

study, PD-L1 expression was correlated with higher risk of metastasis, higher 

histological grade and increased depth of disease.  This is echoed in a study of 100 

patients with cSCC from the head and neck region, where PD-L1 staining was 

associated with increased risk for nodal metastasis (492).  Macrophages and myeloid 

cells also appear to play a significant role in the development in cutaneous squamous 

cell carcinomas, with higher numbers of both M1 and M2 macrophages being observed 

in cSCC compared to normal skin (493, 494).  In a comparative study of 21 cSCC and 

52 basal cell carcinomas, a high immune infiltrate was seen in cSCC compared to BCC 

with higher densities of macrophages, T cells and mast cells; poorly differentiated 

tumours were associated with higher immune infiltrate density than well differentiated 

tumours (495).  Given this interesting observation between aggressive cSCC and 

immune cells or PD-L1 staining, it would be important to study the correlation between 

T cell subsets and PD-L1 staining cells in cSCC.   

6.1.1.2 Transcriptomic immune profile with bulk RNA sequencing  

 

The study of immunogenomics has highlighted the prognostic significance of immune 

molecular subclass in melanoma, as well its potential to provide transcriptomic 

biomarkers for ICI response in the metastatic setting.  As previously reviewed [Chapter 

1.3.3], both the melanoma TCGA dataset and the Lund study identified a molecular 

class of melanoma associated with high immune response and improved survival, 

compared to other molecular subclasses (19, 44, 45).  The transcriptomic biomarker 

studies for melanoma have focused principally on metastatic disease, and compared pre-

treatment biopsies between responders and non-responders to ICI in melanoma (299, 

331, 341-344).  Not surprisingly these studies have identified genes related to the 

interferon pathway, T cell activation and T cell memory formation as important for ICI 

response.  Given the shift of ICI into earlier stage disease, it is prudent to direct future 

studies to the transcriptomic immune profile of early stage cutaneous malignancies.   
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MCC 

Similarly, an immune signature has been suggested to be associated with good 

prognosis in MCC (487).  In this study, gene expression profiles of 35 MCC tumours 

were clustered based on prognosis and validated in 146 patients.  Thirty genes were 

identified in patients with good prognosis and were associated with immune response 

on Gene Ontology and Panther.  Genes associated with cytotoxic CD8+ lymphocytes 

(CD8a, CXCL10, GZMB, and IFNG) were overexpressed in patients with good 

prognosis.  In the validation set, CD8 infiltration but not overall tumour infiltrating 

lymphocytes were associated with improved outcome.  Authors concluded that 

overexpression of CD8β and CD3E in tumours from patients with good prognoses was 

consistent with CD8+ T cells (rather than natural killer cells) as the major infiltrating 

cell type.  Direct assessment of NK infiltration was not feasible because greater than 

90% of MCC tumours express CD56.  DNA microarray analysis of 30 primary MCC 

also showed over-expression of immune related genes in MCPyV+ specimens (205).  

cSCC 

The transcriptomic profile of cSCC is not well characterised, and is limited by small 

sample numbers.  Transcriptomic comparisons between cSCC with actinic keratoses 

(pre-cancerous lesion) or healthy skin have also revealed an over-expression of immune 

related genes in cSCC(496).  In this study, pro-angiogenic chemokines (CXCL1, 

CXCL10, CXCL11) and CC chemokines (CCL2, CCL5) were over-expressed with 

enrichment of inflammatory and cytokine mediated signalling pathways.  A study of 29 

metastatic cSCC samples identified recurrent alterations in RAS pathway activation, 

cell cycle pathway inactivation, squamous cell differentiation (497).  The RAS pathway 

activation was associated with poor prognosis.  There were no immune related genes or 

immune process signatures highlighted in this study.  Whole exome sequencing of 40 

primary cSCC showed an enrichment of immune related pathways in moderately/poorly 

differentiated (MD/PD) cSCC compared to well differentiated cSCC (498).  Pathways 

involved in T-cell receptor, Fc epsilon RI, RIG-I-like receptor and chemokine signalling 

pathways were more mutated in MD/PD cSCC. 

Summary 

Given the importance of ICI in skin cancer treatment, there is a need to better 

understand the immune landscape of primary skin cancers, particular with respect to the 

density of T cell subsets and the PD-L1 staining cells, as well as the cellular spatial 
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relationships.  This not only improves the understanding of skin cancer immunobiology 

but may also have implications for biomarker development in the future.   

6.1.2 Aims 

The aim of this chapter is:  

1. To characterise and contrast the immune profile of UV related skin cancers 

(melanoma, Merkel cell carcinoma, cutaneous squamous cell carcinoma) 

2. To compare the T cell subsets (CD3, CD4, CD8, FOXP3) and PD-L1+ cellular 

density and its spatial distribution within 3 skin cancers 

3. To compare the differential gene expression of these three skin cancers using 

bulk RNA sequencing, with focus on genes involved in immune related 

processes and genes associated with PD-L1 density by mIHC. 

 

6.1.3 Results 

To compare the immune profile of 3 skin cancers, a cohort of seventy-four primary skin 

cancer samples was assembled: 26 melanoma, 32 MCC, 16 cSCC.  Of the 26 T4 

primary melanoma samples included in the study: 14 were non-ulcerated (T4a) and 12 

were ulcerated (T4b).  Of the 32 MCC, 20 were MCPyV negative and 12 were MCPyV 

positive.  The study schema and method for mIHC is shown in Figure 6.1A ad 6.1B 

respectively.    

The density of intratumoural T cells and PD-L1+ staining cells was investigated using a 

7 marker mIHC: CD3 (CD3+CD4-CD8- as ‘double negative’ T cells, DNT), CD4 

(CD4+ helper T cells), CD8 (CD8+ cytotoxic T cells), FOXP3 (FOXP3+ regulatory T 

cells), tumour cells (SOX10 for melanoma, synaptophysin for MCC and p40 for cSCC), 

and PD-L1 staining (PD-L1) cells. Using this mIHC T-cell characterisation panel, 

melanoma was associated with higher density of all T cell subsets compared to MCC, 

including CD3 DNT cells (p=0.001), CD4 helper T cells (p=0.002), CD8 cytotoxic T 

cells (p<0.0001) and FOXP3 regulatory T cells (p=0.0003) using the Kruskal-Wallis 

test.    Melanoma had higher CD8 cytotoxic T cells compared to cSCC (p=0.01) but the 

density of other T cell subsets was similar between the two cancers.  Cutaneous SCC 

had higher FOXP3+ regulatory T cells density compared to MCC, but no further 
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differences were observed in the density of other T cell subsets.  Figure 6.2A showed 

the cellular densities of T cell subsets and PD-L1+ cells across the three skin cancers.  

There was a wide range of PD-L1 density across each cancer type, but the overall the 

PD-L1+ density was higher in melanoma compared to MCC (p=0.03).   

The samples were then grouped by their predominant T cell subset.  Interestingly, 3 

MCC samples were noted to have CD3 (CD3+CD4-CD8-)  DNT T cells as their 

predominant T cell subset (i.e. comprised more than 50% of the intratumoural T cells), 

whereas this was not the case in any melanoma or cSCC samples, as shown in Figure 

6.2B.  CD4 or CD8 represented the predominant T cell subset in the majority of samples 

in melanoma and cSCC.  Of note, PD-L1 staining, as defined by the percentage of 

intratumoural cells that were PD-L1+, was not associated with the predominant T cell 

subset, as shown in Figure 6.2C.   

The impact of ulceration in melanoma as well as MCPyV viral status in MCC on the 

immune landscape was then examined.  PD-L1 cellular density (absolute number of PD-

L1+ cells/mm2) was similar in ulcerated and non-ulcerated melanoma; similarly, 

MCPyV status did not alter PD-L1 density, as shown in Figure 6.2D.  CD8 density was 

higher in MCPyV+ MCC compared to MCPyV- MCC (Mann Whitney test, p=0.003) 

but was not altered by ulceration status in melanoma, as shown in Figure 6.2E.  CD3, 

CD4 and FOXP3 density was not altered by MCPyV status in MCC or ulceration in 

melanoma, as shown in Figure 6.2F, 6.2G and 6.2H respectively.         

Figure 6.3A shows the Spearman correlation between density of T cell subsets and PD-

L1+ cells across the 3 skin cancers.  Although the proportion of intratumoural cells 

which were PD-L1+ did not appear to correlate with the predominant T cell subset 

within the tumours (Fig 6.2C), PD-L1 density was correlated to CD8 density (rho=0.41, 

p=0.04) in melanoma.  To illustrate this, two melanoma cases of specimen 26 and 

specimen 8 can be compared: in the case of specimen 26, the PD-L1 density was high at 

1480 cells/mm2 and CD4 was the predominant T cell subset (comprised 71% of TILs).  

Furthermore, both the density of CD4 and CD8 was also high (508 cells/mm2 and 113 

cells/mm3 respectively).  Contrast this with specimen 8, where PD-L1 density was low 

at 33 cells/mm2 despite CD4 still being the predominant TIL (66% of TILs): the 

absolute density of CD4 and CD8 was both low (250 cells/mm2 and 42 cells/mm2).  
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These two cases illustrate how PD-L1 density was not correlated with the predominant 

T cell subtype, but was more correlated with the CD8 density.       

Using the Spearman correlation to correlate between the density of T cells subsets and 

PD-L1 density in other skin cancers,  multiple T cell subsets correlated with PD-L1 

density in cSCC, where PD-L1 density was correlated with CD4 (rho = 0.73, p<0.01), 

CD8 (rho = 0.62, p=0.01) and FOXP3 (rho = 0.64, p<0.01).   However, PD-L1 density 

was not correlated to other T cell subsets in MCC.   

In terms of correlation between other T cell subsets, CD3 DNT cells were correlated 

with all other T cell subsets in melanoma (CD4 rho = 0.54, p<0.01;  CD8 rho = 0.57, 

p<0.01; FOXP3 rho = 0.50, p=0.01).  In MCC, CD3 DNT was correlated with CD8 (rho 

= 0.37, p=0.04) and FOXP3 (rho =0.43, p=0.01).  In cSCC, the T cell subsets were 

highly correlated with each other, where CD3 DNT was correlated with all other T cell 

subsets (CD4 rho = 0.073, p<0.01; CD8 rho=0.70, p<0.01; FOXP3 rho = 0.66, p<0.01); 

CD4 was correlated with CD8 (rho = 0.66, p<0.01) and FOXP3 (rho = 0.64, p<0.01); 

CD8 was correlated with FOXP3 (rho = 0.73, p<0.01).  When Fig.6.2A and Fig 6.3A 

are taken together, CD3 DNT cells are present in small numbers across all three cancer 

types, and appear to correlate with the presence of other T cell subsets.    

The spatial relationships between T cell subsets and PD-L1 or tumour cells were 

examined in Figure 6.3B.  The average distance between CD3 cells and PD-L1 cells 

was shortest in MCC compared to both melanoma (Kruskall Wallis test p=0.0003) and 

cSCC (Kruskal Wallis test p=0.003).  The average distances between PD-L1 and CD4, 

PD-L1 and CD8 were similar in the different cancers (Kruskall Wallis test, p<0.05).   

The spatial relationships between T cell subsets and tumour cells were also explored, 

where a shorter average distance between CD8 and tumour cells was seen in MCC 

compared to melanoma (Kruskal Wallis test, p=0.02), but was similar between MCC 

and SCC, as well as SCC and melanoma.  The average distances between CD4 and 

tumour cells, tumour cells and CD3 cells were similar in the different cancers (Kruskall 

Wallis test, p<0.05).  The HALO software program was not able to immunophenotype 

FOXP3 cells and therefore the average distance between FOXP3 cells and other cells 

was not able to be examined.   

A subset of the samples studied by m-IHC was also profiled by bulk RNA-sequencing: 

melanoma (n=17), MCC (n=19) and SCC (n = 5).  Principal component analysis 
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confirmed that the tumour type was the main determinant of differentially expressed 

genes observed (Figure 6.4A).  Unsupervised hierarchical clustering grouped melanoma 

with cSCC, and separately from MCC.  Melanoma again clustered with cSCC and 

separately from MCC when unsupervised hierarchical clustering of a curated list of 

1270 genes related to immune cell types or immune related processes was performed 

(383, 384), as shown in Figure 6.4B.   

In an attempt to understand the functional correlates of PD-L1 staining by mIHC, gene 

expression of a number of immune related genes was examined.  Surprisingly, PD-L1 

mRNA expression was not correlated with PD-L1 staining in any of the cancer types 

(Figure 6.5A).  There was also no relationship observed between tumour mutational 

burden (TMB) and PD-L1 staining by mIHC in any of the cancer types (See Figure 

6.5B). 

As the number of cSCC samples was very small, the subsequent analyses focused on the 

comparison between melanoma and MCC.  Samples were ranked by the PD-L1 density, 

and dichotomized by the median of the cohort into groups of ‘high PD-L1’ and ‘low 

PD-L1’ samples.  When the high PD-L1 melanoma were compared with low PD-L1 

melanoma, with upregulation of 6 genes in high PD-L1 melanoma: IRF4, STAT5B, 

IFI27, MAP3K7, IL12RB2 and CHIT1, and downregulation of CXCL6, TNFRSF10C, 

NT5E and MCAM (Figure 6.6A).  When high PD-L1 MCC was compared to low PD-L1 

MCC: VEGFA was upregulated, whereas TNFRSF11a and IL1RL2 were downregulated 

(Figure 6.6B).     

Figure 6.6C showed the comparison was then made of differentially expressed genes 

between high PD-L1 melanoma and high PD-L1 MCC.  Using a log-fold change of 2, 

134 genes were significantly upregulated in melanoma and 15 genes upregulated in 

MCC.  Gene set enrichment pathway analyses were performed on these genes (Figure 

6.7A, Figure 6.7B, Figure 6.7C, Figure 6.7D).  Pathways associated with leucocyte 

proliferation, migration and cytokine signalling were highly enriched in melanoma, 

whereas a number of less significantly enriched pathways involved in interleukin and 

MAPK1/MAPK3 signalling were enriched in MCC.       
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6.1.4 Discussion 

The skin is an immunologically active organ and presents as a unique tumour 

microenvironment for cancer development (499, 500).  Despite the shared aetiology of 

UV radiation, high mutational burden and the responsiveness to ICI treatments (500), 

the comparison of three cutaneous malignancies using mIHC and RNA sequencing has 

revealed distinct immune profiles.  These contrasts provide a foundation to further the 

understanding of the T cell and tumour environment, as well as their relation to PD-L1+ 

staining cells.  Overall, melanoma had a significantly higher density of T cells of all 

subsets compared to MCC and higher CD8 density than cSCC.  There was also a subset 

of MCC where CD3 DNT cells were the predominant T cell subset. This was not 

observed in melanoma and cSCC.  The PD-L1 density was highly variable across the 

three cancers, with no correlation observed between PD-L1 density and T cell subsets in 

MCC.  Lastly, the transcriptomic immune profile also shows similarities between 

melanoma and cSCC, and again they are both distinct from MCC.   

Distinct T cell profiles in 3 skin cancers 

Overall, melanoma appeared to be a highly ‘inflamed’ tumour compared to both MCC 

and cSCC, as shown by the higher density of all T cell subsets compared to MCC, and 

the higher CD8 density in melanoma compared to cSCC.  When the samples were 

categorised by the predominant T cell subset, CD3 (CD3+CD4-CD8-) DNT cells was the 

predominant T cell subset in a subset of MCC samples, whereas DNT was not the 

predominant T cell subset in any melanoma or SCC samples.  Furthermore, MCPyV 

positive MCC were associated with a higher abundance of CD8+ T cells compared to 

MCPyV negative MCC.   

This observation of low tumour infiltrating lymphocytes (TILs) in MCC is somewhat 

surprising, given the immunogenic aetiology (i.e. either viral or UV-mediated) and its 

high response to ICI in the advanced setting.  Previous studies have also found lower 

TIL in MCPyV negative MCC compared to MCPyV positive samples (501), so the high 

proportion of virally negative MCCs in our cohort (2/3 samples are MCPV-) may also 

have contributed to the lower T cell infiltration.  Given that the present study only 

compared the intratumoural T cell subsets, it is possible that the immunogenicity seen in 

MCC is attributed to other immune cell types or T cells subsets present within the 

stromal compartment.  Furthermore, comparison of paired primary and metastatic 
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disease will be needed to assess whether T cell infiltration occurs at a later stage of 

MCC development compared to melanoma and cSCC.   

Cellular spatial relationships 

Spatial distance relationships between cells were explored using the HALO analytical 

software program.  Firstly, CD8 and tumour cells were in closer proximity in MCC than 

in melanoma.  This may be owing to the morphological differences between MCC and 

melanoma, where the densely packed small round blue cells of MCC would result in 

closer proximity to CD8 T cells.  Secondly, PD-L1+ cells were in closer proximity to 

CD3 DNT cells in MCC compared to melanoma and cSCC.  The prognostic value of 

proximity between PD-L1 staining cells and CD3 DNT cells observed in MCC is not 

currently known but will be important to evaluate in future studies, particularly as this 

CD3 DNT population becomes more fully characterised.   

There are a number of recent studies in pancreatic cancer (502) and colon cancer (503) 

that have associated the proximity of immune cells to tumour cells to positive clinical 

outcome.  Proximity between Tregs and tumour cells was also associated with poor 

prognosis in non-small cell lung cancer (504).  More recently, cellular spatial 

relationships have been evaluated as in 27 melanoma samples prior to ICI treatment 

(505).   Response and PFS were associated with proximity of CD8+ cells to tumour 

cells for both anti-PD-1 monotherapy and combination anti-PD-1/anti-CTLA4 therapy.  

Furthermore, proximity between PD-L1 cells and tumour cells was associated with 12- 

month PFS for anti-PD-1 monotherapy, while proximity between tumour cells and 

CD8+ cells was significant for anti-PD-1/anti-CTLA4 combination therapy.   Therefore, 

functional studies of CD3 DNT population in MCC are needed to explore whether the 

cellular proximity of CD3 DNT to PD-L1+ cells may also have implications for ICI 

treatment.  

PD-L1 density  

Interestingly, PD-L1+ density was highly variable across the three cancers, despite 

density of T cell subsets in MCC compared to melanoma.  Furthermore, there was no 

significant difference in PD-L1 density between MCPyV positive and MCPyV negative 

tumours in our study.  Previous studies have reported that MCPyV negative MCC all 

stained negatively for PD-L1 but this study used a different PD-L1 antibody  assay and 
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different scoring threshold for PD-L1 positivity (501).   In an attempt to explore this 

further, the correlation of PD-L1 density and T cell subset density was examined.  In 

contrast to melanoma and cSCC, PD-L1 density was not correlated to any of the T cell 

subsets in MCC.   

The correlation between T cells and PD-L1 in melanoma is not surprising, given the 

inducible expression of PD-L1 upon T cell activation (138).  As such, PD-L1 density 

was also highly correlated with all T cell subsets in cSCC.  Correlation between PD-L1 

density and other T cell subsets does not appear to have been evaluated in previous 

studies of cSCC.  Interestingly, FOXP3, a known poor prognostic factor (490), was 

correlated with PD-L1+ density in cSCC in our cohort.  This may provide a possible 

rationale for the poor prognosis previously observed in association with PD-L1 in cSCC 

(492), which is in contrast to positive prognoses seen in high PD-L1 staining in 

melanoma and MCC.   

Comparison of bulk RNAseq in high PD-L1 density melanoma and MCC samples 

Important questions remain as to the correlates of PD-L1 in MCC.  While PD-L1 

density correlated with the density of other T cell subsets in melanoma and cSCC, this 

was not the case with MCC.  The differential gene expression analyses in MCC 

highlighted an up-regulation of VEGFA in high PD-L1 samples, whereas TNFRSF11a 

and IL1RL2 were upregulated  in low PD-L1 MCC.  Vascular endothelial growth factor 

(VEGF) is a known immunosuppressive cytokine induced by hypoxic factors in the 

tumour microenvironment.   VEGF has been correlated with PD-L1 expression in other 

cancers such as clear cell renal cancer and Hodgkins lymphoma (506, 507).  More in-

depth analysis of the immune cell types, genes and pathways associated with 

angiogenesis may enable this pathological process to be targeted in combination with 

ICI (508).  TNFRSF11a  encodes for RANK protein, which is integral to bone 

homeostasis.  There is an increasing recognition of RANK and RANK-ligand in 

immune processes, where RANK is expressed on tumour infiltrating myeloid (TAM) 

cells, and RANKL is expressed on CD4 and CD8 cells(509).  Active investigation is 

underway both pre-clinically and clinically targeting the RANK/RANKL pathway in 

conjunction with ICI, including the CHARLI study evaluating Denosumab in 

combination with anti-CTLA4 or anti-PD-1 in advanced melanoma (NCT03161756) 

(510, 511).  IL1RL2 encodes for a member of the interleukin 1 receptor family and acts 
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as a decoy for IL1 binding.  An association of IL1RL2 and PD-L1 has not been reported 

previously, though efforts are being made to combine cytokine signaling modulators 

and ICI (512, 513).  These differentially expressed genes pose some possible correlates 

with PD-L1 in MCC, which highlights firstly the need to investigate the tumour 

immune environment beyond the T cell compartment and, secondly, to learn how to 

integrate additional immune pathways such as RANK or cytokine signaling pathways to 

maximise anti-tumour killing.     

A comparison of transcriptomic profiles of high PD-L1 staining melanoma and MCC 

found that genes involved in adaptive immune processes, leucocyte proliferation and 

migration are highly upregulated in melanoma and not in MCC.  However, it is not 

known whether the transciptomic profiles purely relative to the high infiltrations of T 

cells in melanoma compared to MCC.  One could consider a bioinformatics method of 

normalisation for T cell density in the statistical analysis of the differentially expressed 

genes, by normalising for the T cell density within the edgeR linear model.  However 

such normalization methods within the linear model are designed to correct for technical 

effects, and not to adjust for genuine biological differences.  Hence it remains that the 

adaptive immune response and leucocyte pathways enhanced in the melanoma 

specimens may be representative of the higher T cell infiltration, rather than unique 

immune processes being present in MCC.  One possible way to overcome this in future 

studies would be to employ techniques such as single cell RNA (scRNA) sequencing.  

scRNA sequencing is a method by which the functional gene expression can be directly 

exampled for each immune cell type, as has been performed in other biomarker studies.  

While this exciting technology is fundamental in dissecting the underlying genomic 

pathways differentially expressed by each cell type, the cellular architecture and spatial 

relationships are lost during tissue processing, therefore it is anticipated these two 

methods of immune profiling would be complementary.   

Limitations with PD-L1 mIHC 

It must be noted that the previous studies have utilised different methods for PD-L1 

assessment, where only a subset of cells is evaluated and the proportion of cells with 

membranous or cytoplasmic expression of PD-L1 stain at particular thresholds were 

deemed positive [as discussed in detail in Chapter 1.3.3] (138, 312, 488).  In contrast, 

our study enumerated the absolute number of cells with membranous PD-L1 staining 
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and was able to provide a quantitative measure of the density of PD-L1 staining cells.  

While the assessment of PD-L1 cellular density is more quantitative using the novel 

OPAL method, the landmark clinical trials have not used PD-L1 density as a biomarker 

for immunotherapy.  This automated technique may overcome the relative subjectivity 

of PD-L1 assessment using contemporary methods (312), but again would require 

validation using tissue from the pre-existing clinical studies to establish its clinical 

significance.   

The PD-L1 assay used in this study was the SP142 antibody, which is the companion 

PD-L1 antibody for atezolizumab, an anti-PD-L1 monoclonal antibody.  As discussed in 

the literature review [Chapter 1.3.3], there has been one study comparing PD-L1 

antibody assays in lung cancer specimens, where SP142 was an outlier and did not show 

the same sensitivity as the other three commercially available antibody assays, SP142, 

28-8, 22C3, and SP263 clones (310).  However, a subsequent study in melanoma 

showed that SP142 showed comparable results to the other antibodies  of 5H1, SP142, 

28-8, 22C3, and SP263 (312).   

A limitation of our study was that PD-L1 co-staining (i.e. whether PD-L1 staining was 

expressed on tumour cells or the immune cells) was not examined.  In future studies, it 

would be important to incorporate PD-L1 co-staining, examining not only the tumoural 

and T cell compartment but also PD-L1 expression on other immune cells.  There is an 

increasing recognition of the importance of non-T immune subsets in the mechanism of 

action for ICI (163, 165).  It is highly possible that PD-L1 expression within MCC is 

more dependent on these other immune cell compartments, given the lack of correlation 

between any of the other T cell subsets and PD-L1 in our MCC cohort. 

There were several technical challenges with mIHC staining and image analysis.  The 

staining process itself was time consuming, with the staining of 7 antibodies took a 

minimum of three days.  Furthermore, such an intensive antigen retrieval also meant 

that more friable tissue was less likely to remain on the slide after processing.  Small 

tumour samples were particularly susceptible to damage through sequential heating and 

washing and therefore may be troublesome for utilisation in cancer types where only 

small core biopsies are available.  In terms of image analysis, selection of a 

representative  high powered field for analysis can also generate bias, as there can be 

significant variability of immune cells between different sections within the tumour, 



180 
  

tumoural margin or stroma.  This is particularly relevant for PD-L1 expression, where 

substantial heterogeneity both spatially and longitudinally is well documented (314).  

Lastly, enormous amounts of data are generated with these high resolution image 

analyses.  Consequently, an efficient bioinformatics pipeline is needed to accompany 

such technology.  While this m-IHC technique gives extremely high resolution into the 

presence of specific cellular subtypes present and the spatial interactions between these 

cells, functional studies are also needed to supplement this in order to understand 

biological significance.   

PD-L1 mRNA expression 

PD-L1 mRNA expression has been proposed as an alternative to PD-L1 staining as a 

potential biomarker, in order to overcome the inter-observer variability, the technical 

variabilities in antibody acquisition, and the variable thresholds for positivity across 

clinical trials. In our study, PD-L1+ density correlated poorly with mRNA expression of 

CD274 and PDCD1 in all cancer types using Spearman correlation: melanoma rho = 

0.023, MCC rho = -0.07 and cSCC  rho = 0.04.  This lack of correlation may possibly 

be driven by PD+ cells outside the tumoural tissue compartment, as our PD-L1+ density 

is only reported for the intratumoural tissue compartment.  Since the cSCC sample size 

is small, only limited conclusions can be drawn from these observations.   

The small studies that have correlated PD-L1 mRNA levels with PD-L1 staining have 

produced conflicting results (514-516).  One study compared PD-L1 staining by 

ab58810 polyclonal (Abcam) and 5H1 antibodies and  PD-L1 mRNA detection by 

Reverse Transcriptase quantitative Polymerase Chain Reaction (RT-qPCR) in 34 

metastatic melanoma specimens, where PD-L1 staining was not correlated with PD-L1 

mRNA (Cohen's κ < 3%, P = 0.4273) .  These findings are in contrast to a study of 21 

metastatic melanoma samples evaluated by the SP142 and E1L3N antibodies where a 

significant correlation was found between the two antibodies and mRNA as quantified 

by Nanostring’s nCounter PanCancer Immune panel, with Spearman’s coefficients of 

0.80 (SP142) and 0.90 (E1LSN) respectively(515).   Finally, positive correlation was 

found between PD-L1 staining on tumour cells (but not immune cells) by 28-8 antibody 

(but not E1L3N antibody) with mRNA detection by RT-qPCR in a study of 22 NSCLC 

specimens (516).  Therefore, there may be some variability in the different staining 

antibodies and their correlation to PD-L1 mRNA expression.  Our study did not 
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examine the relative PD-L1 co-staining on tumour cells compared to immune cells so it 

is not known whether this may account for part of the variability of mRNA to PD-L1 

expression by mIHC.   

Summary 

In summary, the three primary cutaneous malignancies in our cohort showed distinct 

tumour immune profiles.   Melanoma was associated with a high density of T cells of all 

subsets compared to MCC, and higher CD8 compared to cSCC.  PD-L1 density varied 

across samples in all three cancer types, though PD-L1 was higher in melanoma 

compared to MCC.  Contrasting the three skin cancers highlighted the predominance of 

CD3 DNT in a subset of MCC, as well as different spatial cellular relationships and 

correlates to PD-L1 density across the three cancers.  Further analysis of immune cells 

outside the T cell compartment as well as exploration of the stromal compartment may 

 yield further insights into the immune landscape of these cutaneous malignancies.  

  



182 
  

6.1.5 Figures 

  



i. Composite image ii. Tissue segmentation

iii. Cellular segmentation iv. Cellular phenotyping
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Figure 6.1 (A) Study schema and (B) methodology for multi-spectral 
immunohistochemistry (mIHC) 

(A) Chapter 6 is a comparative study of the immune landscape of primary 
skin cancers using orthogonal methods of mIHC and RNA-sequencing on 
matched samples.  Thirty-four melanomas, 32 Merkel cell carcinoma 
(MCC) and 16 cutaneous squamous cell carcinoma (cSCC) were included in 
the study.  Multiplex IHC allows for analysis of density of T cell subsets, 
tumour cells and PD-L1 staining cells within the tumour microenvironment.  
The spatial relationships between the different cell types were also assessed.  
Bulk RNA sequencing allows comparison of differentially expressed genes 
in 3 skin cancers as well as analysis of enriched pathways.   

(B) 4µm formalin fixed paraffin embedded tissue sections were stained 
using the novel 7 antibody multi-spectral immunohistochemistry panel to 
characterise the T cell subsets in three skin cancers.  The InForm software is 
used to perform on i) composite image is used for ii) tissue segmentation 
into tumour compartment which is a composite of the intratumoural (red) 
and peri-tumoural (green) compartments, and separate from the stromal 
compartment (blue).  iii) Cells are segmented and enumerated for each 
tissue compartment.  iv) Cellular phenotyping is performed, with seven 
cellular phenotypes being identified: CD3+CD4-CD8- ‘Double Negative’ T 
cells (DNT), CD4+ T helper cells, CD8+ cytotoxic T cells, FOXP3+ 
regulatory T cells as well as PD-L1+ cells.  Tumour cells are stained 
(SOX10 for melanoma, synaptophysin for Merkel, p40 for cSCC) and DAPI 
as nuclear counterstain.  See Methods for full details.   
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Figure 6.2 (A) Comparison of intratumoural T cell subsets and PD-L1+ 
cells in 3 skin cancers by mIHC; (B) DNT is the predominant T cell 
subset in a subset of MCC samples; (C) PD-L1+density is not associated 
with predominant T cell subset; (D) PD-L1 is not associated with 
Merkel polyomavirus status in MCC or ulceration status in melanoma; 
(E) CD8 was higher in MCPyV+ MCC than MCPyV- MCC but did not 
differ with ulceration in melanoma; (F) CD3 was not associated with 
MCPyV in MCC or ulceration in melanoma; (G) CD4 was not 
associated with MCPyV in MCC or ulceration in melanoma; (H) 
FOXP3 was not associated with MCPyV in MCC or ulceration in 
melanoma 
(A) Melanoma has higher T cell infiltrates (CD3, CD4, CD8, FOXP3) than 
Merkel; Kruskal-Wallis test, all p<0.01.  Melanoma has higher CD8 than 
SCC, p=0.01.  SCC has higher FOXP3 than Merkel, p=0.01.  Melanoma has 
higher PD-L1 compared to Merkel (p=0.03) but there is variation of PDL1 
staining within each tumour type.  Double negative T cells (DNT) are 
CD3+CD4-CD8- throughout the figures unless otherwise stated.  Melanoma 
shown in red, Merkel in blue, SCC in black. Mean density of each cellular 
phenotype (cells/mm2) and error bars of standard deviation are shown. 
Kruskal-Wallis test was performed for each cellular phenotype across three 
cancers, with significantly different data presented as *p<0.05, 
**p<0.01,***p<0.001,****p<0.0001.  
 
(B) Predominant T cell subset within each cancer type.  The density of T 
cell subsets was assessed using mIHC.  The relative proportions of each T 
cell subset (i.e. DNT, CD4+, CD8+ and FOXP3) are presented as 
percentages for each sample.  The T cell subsets are shown as DNT (green), 
CD4 (red), CD8 (blue), FOXP3 (orange).    The samples were grouped by 
the predominant T cell subset (as shown by the coloured bars above each 
sample); with the ‘predominant’ T cell subset defined as the T cell subset 
that comprise more than 50% of tumour infiltrating T cells.  Three MCC 
samples had DNT as the predominant T cell subset, whereas DNT was not 
the predominant T cell subset in melanoma or SCC samples.    
 
(C) PD-L1 expression is not correlated with predominant T cell subset.  The 
proportion of cells expressing PD-L1+ and its correlating T cell subset 
proportions are shown.  Each column represents one sample.   
 
(D) PD-L1 expression did not differ with ulceration status in melanoma 
(Man-Whitney test, p=0.49).  PD-L1 expression did not differ with MCPyV 
(MCPyV) status in MCC (Mann-Whitney test, p=0.27).   
 
(E) Interestingly, CD8 density was higher in MCPyV+ MCC compared to 
virally negative MCC (Mann Whitney test, p=0.003), but CD8 density did 
not differ with ulceration in melanoma (Mann Whitney test, p=0.30).   
 
(F) DNT density did not differ with ulceration in melanoma or MCPyV 
status in MCC (Mann-Whitney test, p=0.43 and p=0.25 respectively).   
 
(G) CD4 density did not differ with ulceration in melanoma or MCPyV 
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status in MCC (Mann Whitney test, p=0.60 and p=0.09 respectively).   
 
(H) FOXP3 density also did not differ with ulceration in melanoma or 
MCPyV status in MCC (Mann Whitney test, p=0.43 and p=0.28).   
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Figure 6.3 (A) Spearman correlation of T cell subsets and PD-L1 cells; 
(B) Spatial distance between cell types 
(A) Spearman correlation of T cell subsets and PD-L1 cells.  Only 
significant results are displayed in the figure (all p<0.05).   

i. DNT are correlated with all other T cell subsets (CD4 rho = 0.54, 
p<0.01;  CD8 rho = 0.57, p<0.01; FOXP3 rho = 0.50, p=0.01).  
PD-L1 was correlated with CD8 (rho 0.41, p=0.04).   

ii.  For MCC, Spearman correlation of T cell subsets density and 
PDL1+ cellular density for MCC.  DNT are correlated with CD8 
(rho = 0.37, p=0.04) and FOXP3 (rho =0.43, p=0.01).  PD-L1 
was not correlated with any other cellular densities.   

iii. Spearman correlation of T cell subsets density and PD-L1 cellular 
density for cSCC.  DNT was correlated with all other T cell 
subsets (CD4 rho = 0.073, p<0.01; CD8 rho=0.70, p<0.01; 
FOXP3 rho = 0.66, p<0.01).  CD4 was correlated with CD8 (rho 
= 0.66, p<0.01) and FOXP3 (rho = 0.64, p<0.01).  CD8 was 
correlated with FOXP3 (rho = 0.73, p<0.01).  PD-L1 was 
correlated with CD4 (rho = 0.73, p<0.01), CD8 (rho = 0.62, 
p=0.01) and FOXP3 (rho = 0.64, p<0.01).    

(B) Cellular distance between PD-L1 cells and DNT is smaller in Merkel 
compared to melanoma (Kruskal-Wallis test, p=0.0003) or SCC (KW test, 
p=0.0025).  Cellular distance between tumour cells and CD8 cells is smaller 
in Merkel compared to melanoma (Kruskal-Wallis test, p=0.0215), but is 
not significantly different between MCC and SCC (KW test, p=0.7998).  
Cellular distance between tumour cells is not different in melanoma 
compared to SCC (KW test, p=0.6493).  Significant values are indicated 
where, **p<0.01.  Error bars of standard deviation are shown.  Other 
comparisons between cellular populations non-significant e.g. PD-L1 to 
CD4, CD8, FOXP3 or tumour cells (data not shown).   
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Figure 6.4 (A) Principal components analysis of differentially expressed 
genes across 3 skin cancers; (B) Unsupervised clustering of immune 
related genes 
(A) Principal components analysis using Multi-Dimensional Scaling plot of 
differentially expressed genes showing that cancer type is the main 
determinant of variation.    
 
(B) Unsupervised clustering of differentially expressed genes associated 
with immune cell types or immune processes (curated list of Galon immune 
gene set and Nanostring immune gene set) (383, 384).  Melanoma and SCC 
cluster together, whereas Merkel cluster separately from the other two 
cancers.  Each column represents one sample.  Ulceration status and viral 
status are shown for melanoma and Merkel samples respectively. 
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Figure 6.5 (A) Correlation between PD-L1 staining by mIHC and PD-
L1 expression by mRNA; (B) Correlation between PD-L1 density by 
tumour mutational burden 
(A) PD-L1 density by mIHC is not significantly correlated to PDL1 
mRNA(CD274) gene expression; Spearman correlation, all non-significant.    
 
(B) PD-L1 density is not associated with tumour mutational load derived 
from bulk RNA-sequencing using FFPE samples.  See methods for full 
details.     
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Figure 6.6 Differential gene expression analyses of melanoma (n=17) 
and Merkel cell carcinoma (MCC, n=19) samples  
Differential expression analysis was performed on the melanoma and MCC 
samples with the limma-voom package (390) with the design 0 + condition.  
Melanoma and MCC samples were dichotomized at the median of the group 
for PDL1 density to categorise the group into high PD-L1 staining and low 
PDL1 staining.  Volcano plots were used to visualise genes that were 
expressed differentially between 1) high and low PD-L1 expressing 
melanoma, 2) high and low PD-L1 expressing MCC and 3) high PDL1 
expressing melanoma compared to high PDL1 expressing MCC.  Genes 
with an adjusted P-value of <0.01 (based on the moderated t-statistic using 
the Benjamini-Hochberg (BH) method to control the false discovery rate 
and a |log2FC| >2 were considered significantly differentially expressed.   
 
(A) Volcano plot of genes differentially expressed in high PD-L1 staining 
melanoma compared to low PD-L1 staining melanoma.  Six genes were 
upregulated (shown in purple) and 4 genes were downregulated (shown in 
blue).  These changes were non-significant after correction for multiple 
testing using the Benjamini-Hochberg method (false discovery rate, 
FDR>0.01).  PD-L1 is highlighted for completeness but its expression is not 
significantly different between high and low PD-L1 staining melanoma.     
 
(B) Volcano plot of genes differentially expressed in high PD-L1 staining 
Merkel compared to low PD-L1 staining Merkel.  One gene was 
upregulated and 2 genes were downregulated, but again these genes were 
non-significant after correction for multiple testing using the Benjamini-
Hochberg method (FDR>0.01).  PD-L1 is highlighted for completeness but 
its expression is not significantly different between high and low PD-L1 
staining Merkel.     

 

(C) Volcano plot of genes differentially expressed in high PD-L1 staining 
melanoma compared to high PD-L1 staining Merkel.  296 genes were 
significantly expressed (p<0.01), with 134 genes upregulated in melanoma 
(logFC>2, purple) and 15 genes upregulated in Merkel (logFC<-2, blue).   

  



Fig 6.7(A)

0 20 40 60 80 100
-log10(P)

hsa04064: NF-kappa B signaling pathway
GO:0042107: cytokine metabolic process
hsa04380: Osteoclast di�erentiation
R-HSA-168898: Toll-like Receptor Cascades
GO:0002683: negative regulation of immune system process
hsa04659: Th17 cell di�erentiation
hsa05152: Tuberculosis
GO:0098542: defense response to other organism
GO:0050727: regulation of in�ammatory response
R-HSA-1280218: Adaptive Immune System
GO:0002263: cell activation involved in immune response
hsa04640: Hematopoietic cell lineage
GO:0009617: response to bacterium
GO:0019221: cytokine-mediated signaling pathway
GO:0050900: leukocyte migration
GO:0070661: leukocyte proliferation
GO:0001819: positive regulation of cytokine production
GO:0031349: positive regulation of defense response
GO:0002460: adaptive immune response based on somatic recombination of immune receptors built from immunoglobuli
hsa04060: Cytokine-cytokine receptor interaction

0 1 2 3 4 5
-log10(P)

GO:0009611: response to wounding
GO:0010639: negative regulation of organelle organization
GO:0018108: peptidyl-tyrosine phosphorylation
GO:0007276: gamete generation
GO:0050900: leukocyte migration
GO:0007093: mitotic cell cycle checkpoint
GO:0007338: single fertilization
R-HSA-5684996: MAPK1/MAPK3 signaling
R-HSA-449147: Signaling by Interleukins

Fig 6.7(B)

Fig 6.7(C)

Fig 6.7(D)



198 
  

Figure 6.7 (A) Enriched GO Biological Processes associated with high-
PDL1 melanoma; (B) Network analysis for genes associated with high 
PD-L1 melanoma; (C) Enriched GO Biological Processes associated 
with high-PDL1 melanoma; (D) Network analysis for genes associated 
with high PD-L1 melanoma 
Gene set enrichment and network analyses were performed on the genes 
upregulated in melanoma compared to MCC using the Metascape gene set 
enrichment analyses program.   
 
(A)The 296 upregulated genes in high PD-L1 staining melanoma were 
analysed and a bar graph of enriched GO Biological Processes Terms is 
shown.  Genes associated with adaptive immune processes, cytokine 
signalling and leucocyte proliferation and migration are over-expressed in 
high PD-L1 staining melanoma samples.    
 
(B)Network of enriched terms with high PD-L1 staining melanoma are 
coloured by cluster ID (left) and are coloured by p-value (right).   
 
(C)Gene set enrichment and network analyses were performed on the genes 
downregulated in melanoma compared to MCC using the Metascape gene 
set enrichment analyses program.  The 15 genes in high PD-L1 Merkel were 
studied using the Metascape Gene Set Enrichment analyses program.  Bar 
graph of enriched Reactome Gene Sets and GO Biological Processes Terms 
are shown.  Genes associated with interleukin signalling, leucocyte 
migration along with non-immune terms are highlighted.   
 
(D)Network of enriched terms with high PD-L1 staining Merkel are 
coloured by cluster ID (left) and are coloured by p-value (right).  
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7 Application of biomarkers: case studies 
 

7.1.1 Introduction 

One of the challenges of biomarker discovery and application is how to implement a 

combination of biomarkers for an individual patient.  As highlighted in the literature 

review [Chapter 1.3], a number of potential biomarkers have been evaluated to predict 

outcome after ICI for melanoma.  However, these biomarkers have mainly been  

examined individually, and have yet to be examined in combination with each other.  

Hence, the different determinants of response have not been prioritised in any way or 

assigned any relative weighting, and it is not known whether a single positive factor can 

override a number of other negative factors.       

Some predictive models have attempted to incorporate a number of different patient 

characteristics in order to stratify outcome after ICI treatment.   A predictive model was 

proposed for anti-PD-1 using the clinical characteristics of 228 patients treated with 

pembrolizumab (517). This study found female sex (OR=0.51 (0.27, 0.94), P=0.03); age 

<65 years (OR=0.55 (0.30, 0.98), P=0.04); previous ipilimumab treatment (OR=0.38 

(0.20, 0.69), P<0.001); elevated LDH (OR=0.48 (0.25, 0.90), P=0.02) and presence of 

liver metastasis (OR=0.34 (0.17, 0.66), P<0.001) to be significantly associated with 

worse survival. Five factors were used to develop a 7-point predictive scale: female sex 

(1 point), age <65 years (1 point), previous ipilimumab treatment (2 points), elevated 

LDH (1 point), and the presence of liver metastasis (2 points). The proposed scale 

showed a reasonable performance in predicting response to anti-PD-1: AUC 0.73 (95% 

CI 0.67, 0.80), which was validated in a cohort of 87 patients (AUC of 0.7).  However, 

this model was not able to accurately predict non-responders (patients predicted to be 

unlikely to respond still had a response rate of 29%) and the model has yet to be 

validated in patients outside of the clinical trial setting.  Furthermore, this model does 

not take into account the patient’s immune status or the tumoural immune-profile.  

Lastly, anti-PD-1 as monotherapy or in combination with anti-CTLA4 is now the 

standard of care treatment in the first line setting for metastatic melanoma, so few 

contemporary patients would have a prior use of ipilimumab monotherapy.   
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On the other hand, other predictive models consider only the tumoural immune profile 

without considering patient demographics or disease characteristics.  For example, the 

Omniseq Immune Report Card is a response score based on a combination of tumour 

mutational burden, CD8+ T cell infiltration, gene expression profiles for PD-L1 and 

CD8, as well as an immune transcriptomic signature(518).  In this study, the composite 

Response Score (RS) was evaluated in 48 patients with metastatic melanoma treated 

with ICI, and validated on a cohort of 29 patients from different institutions.  The 

Response Score was associated with higher sensitivity but similar specificity in 

predicting tumour response than either PD-L1 IHC (28-8 assay) or tumour mutational 

burden alone.   Using the proposed threshold of RS>50, patients had significantly 

improved OS and ORR of 82.9% as compared to 23.8% for patients with RS <50 

(p=0.0012).  While this study highlights the potential to study the different tumoural 

immune factors in concert, the reasonably high tumoural response rate in patients with a 

low RS does not help to exclude patients for ICI treatment.  These predictive scores also 

need to be prospectively validated in clinical studies to understand how they can be 

used in conjunction with other patient and disease characteristics.  

Blank and colleagues proposed the ‘cancer immunogram’ (376),  a framework by which 

different biomarkers characterising the patient’s immune status and tumoural immune 

profile can be considered.  Regarding the patient’s immune status, there are 3 different 

domains of general immune status (as measured by lymphocyte count), soluble 

inhibitors (IL6 and CRP), and inhibitory metabolism (LDH, glucose utilisation).  Four 

other domains are included when considering the tumoural determinants of ICI 

effectiveness: immune cell infiltration (intratumoural T cells), checkpoint expression 

(PD-L1), tumour foreignness (mutational load) and tumoural sensitivity to immune 

effectors (MHC expression and IFN-γ sensitivity).  Together, this framework highlights 

the importance of considering the different components of immune activation, in order 

to understand possible mechanisms of response as well as potential mechanisms of 

resistance.   

The ‘cancer immunogram’ is expanded to assess the biomarkers explored in this PhD 

thesis, as in Figure 7.1.  Clinical factors to be considered include pre-treatment 

performance status and presence of brain metastases, as highlighted in chapters 3 and 4 

in this PhD thesis.  Functional FDG PET biomarkers can also be considered, such as 

raised spleen to liver ratio (SLR) or metabolic tumour volume (MTV) [Chapter 5].  
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Although a significant threshold to stratify overall survival using metabolic tumour 

volume on pre-treatment FDG PET scans were not found in chapter 5, a number of 

other studies support a threshold of approximately 25ml to stratify patients into low and 

high tumour burden(458, 459).  In terms of routine laboratory tests, LDH is a readily 

available biomarker and elevated LDH has remained an important indicator of poor 

survival after ICI treatment.  Markers of generalised inflammation could also be 

considered, given the potential association of inflammation and poor prognosis as 

described in this thesis, with high CRP in brain metastases, as well as low albumin in 

patients with high SLR.  A number of studies have also evaluated high neutrophil: 

lymphocyte ratio (NLR)>5 to be associated with inflammation and poor outcome after 

ICI.  Lastly, the study of pre-treatment tumoural biopsies using the novel multiplexed 

immunohistochemistry platform can provide a more in-depth assessment of the 

tumoural immune landscape, assessing not only the intratumoural T cell subsets 

(CD3+CD4-CD8- unconventional T cells, CD4+ helper T cells, CD8+ cytotoxic T cells, 

FOXP3+ regulatory T cells) but also other immune cells within the tumour 

microenvironment such as CD68 macrophages, CD11c dendritic cells or CD20 B cells.  

The mIHC platform can also evaluate PD-L1 expression in more detail than tumoural 

PD-L1 expression alone: it can provide the proportion of tumour cells that stain 

positively for PD-L1, as well as the relative proportions of tumour cells compared to 

immune cells which stain positively for PD-L1.   

In this chapter, case studies of six patients with advanced melanoma treated with ICI 

(ipilimumab or anti-PD-1) treatments are presented to demonstrate the application of 

comprehensive pre-treatment biomarker sampling.   

7.1.2 Aims  

To assess the application of a combination of clinical factors, peripheral blood 

tests, FDG PET imaging, peripheral cytokine profiling and tumoural mIHC on a 

cohort of patients with advanced melanoma treated with ICI 

7.1.3 Results  

Patients with advanced melanoma who were treated at Peter MacCallum Cancer Centre 

were offered the option of participating in a voluntary biomarker research study, 

whereby their clinical, imaging, blood and tissue samples were stored for research. 
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Patient demographics, disease characteristics, treatment history, outcomes and pre-

treatment biomarkers are presented in Table 7.1.  The median age of the cohort was 61 

(range 45-70 years).  All patients had stage IV cutaneous melanoma and only one 

patient (Patient A) had known brain metastases at the time of commencing ICI 

treatment.   

Four patients (Patients A, D, E, F) were treated with ipilimumab monotherapy, followed 

by anti-PD-1 monotherapy upon progression.  Two patients only received one line of 

ICI treatment: Patient B only received ipilimumab monotherapy, while Patient C 

received only anti-PD-1 monotherapy.  The patient treatment histories are presented in 

full in the Appendix A.1.  One patient had an objective response to ipilimumab, but this 

response was not durable (5 months).  Complete response was observed in 2 of the 5 

patients treated with anti-PD-1.  There was one patient (patient B) who experienced a 

significant treatment related toxicity of colitis and hypophysitis after the cessation of his 

treatment for progressive disease.   

Regarding baseline routine laboratory biomarkers, pre-treatment LDH was elevated in 

majority of cases (6 of 7), while two patients did not have a pre-treatment LDH 

documented.  While LDH is well known to be a poor prognostic marker, the two 

complete responses occurred in patients with elevated LDH.  Progressive disease was 

associated with 2 of the 3 cases with neutrophil: lymphocyte ratio > 5.  NLR>5 did not 

always co-occur with lymphopenia (absolute lymphocyte count, ALC, less than 1), but 

was associated with low albumin (<30g/L) in 2 of 3 cases.  Two patients had 

lymphopenia (ALC<1) prior to their treatment with ipilimumab; one of these patients 

had progressive disease while the other experienced partial response.   

Seven of the nine ICI treatments had an evaluable FDG PET scan prior to commencing 

therapy.  The majority (7 of 9 cases) had metabolic tumour volume over the threshold of 

25mL.  In the two patients with very low volume disease, one patient experienced stable 

disease following ipilimumab, while the other had complete response to the anti-PD-1 

treatment.  Interestingly, the patient with a large volume of disease (1560mL) 

experienced a complete response following his anti-PD-1 treatment, suggesting that 

large volume of tumour burden may not negate the possibility of tumour response.   

Seven of the nine ICI treatments had a pre-treatment biopsy for mIHC examination with 

both the T-cell panel and the pan-immune panel to study T cell subsets and immune 
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cells respectively.  Interestingly, all 3 patients with CD68 macrophage as their 

predominant immune cell type (i.e.>50% immune cells were CD68 cells) experienced 

progressive disease to their ICI treatment, as did the patient with predominantly CD11c 

dendritic cells.  On the other hand, the two patients who experienced complete response 

to anti-PD-1 treatment had T cells as their predominant immune cell type.   The 

majority of patients had CD4 helper cells as their predominant (>50%) T cell subset and 

this was not particularly discriminating between responders and non-responders to 

either ICI.  PD-L1 density was evaluated in our study using the SP142 assay, and the 

proportion of tumour cells which stained PD-L1 are presented: the majority of cases had 

a very low proportion of tumour cells expressing PD-L1+ staining.  The ratio of PD-L1 

staining on tumour cells compared to immune cells was explored and four of the five 

patients had PD-L1 expression predominantly on tumour cells, rather than immune 

cells.  

The prognostic factors could be visualised in a modified ‘cancer immunogram’ using a 

traffic-light coloured schema, such as in Figure 7.2.  Such a diagram could incorporate 

prognostic factors at particular thresholds to indicate good, intermediate or poor 

prognosis (presented as green, orange and red respectively) to allow for an overview of 

the different factors together.  However, systematic review of these prognostic factors in 

prospective ICI studies involving large number of patients would be needed to establish 

the optimal thresholds for survival and toxicity.   
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Table 7.1 Patient demographics, disease characteristics, treatment outcome and biomarkers 
   Treatment Clinical 

biomarkers 

Blood tests FDG PET 

Imaging 

Pre-treatment mIHC 

Pt Age 

 

BRAF 

Mut 

Line of 

systemic 

treatment  

ICI 

Treatment 

Best 

tumoural 

response 

Duration 

of 

response 

(months

) 

G3/4 

Toxicity 

PS Presence of 

brain 

metastases 

LDH 

>ULN# 

NLR ALC  Alb 

 

MTV 

 

SLR 

 

Pre-

dominant 

Immune 

cell type 

Pre-

dominant 

T cell 

subset 

PD-

L1+ 

TC 

(%)  

PD-

L1+ 

(TC: 

IC %) 

A 45 V600E 2 Ipilimumab PR 5 No 1 Yes NR 9.4 0.5 

 

40 NR NR NR NR NR NR 

3 Anti-PD-1 PD 1 No 2 Yes Yes  14.0 1.14 28  

 

223 

 

0.78 

 

CD68 

Macroph

-age 

CD4 2% 90% 

B  59 Wt 1 Ipilimumab SD 8 Yes 

Colitis, 

hypophys

-itis 

0 No Yes  1.8 1.53 44 

 

1.73 

 

0.82  

 

CD3 

T cells 

CD8 4% 65% 

C 55 V600E 2 Anti-PD-1 PD 1 No 1 No NR 5 1.66 36 NR NR CD68  

Macroph

-age 

CD4 1% 2% 

D 70 Wt 2 Anti-PD-1 PD 2 No NR No Yes  3.71 1.82 32 153 0.90 

 

CD11c 

Dendritic 

cells 

CD4 2% 30% 

E 66 Wt 1 Ipilimumab PD 3 No 0 No Yes  2.5 1.61 42 541 0.76 NR NR NR NR 

2 Anti-PD-1* 

 

CR 60+ No 1 No Yes  3.5 1.06 42 1560 0.82 CD3  

T cells 

CD4 1% 79% 
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F 62 V600E 2 Ipilimumab PD 3 No 1 No No 9.6 0.85 31 64 1.22 CD68 

Macroph

-ages 

CD4 NR NR 

3 Anti-PD-1 CR 60+ No 1 No Yes 4.8 1.88 35 1 0.95 CD3  

T cells 

CD4 NR NR 

 

Pt, patient; BRAF Mut, BRAF mutation; FDG PET, Fluoro-deoxyglucose positron emission tomography; ICI, immune checkpoint inhibitor; 

G3/4, CTCAE Grade 3 or 4 toxicity; PS, Performance Status; LDH>ULN, Lactate dehydrogenase greater than upper limit of normal; NLR, 

Neutrophil: Lymphocyte Ratio; ALC, absolute lymphocyte ratio; Alb, Albumin; MTV, metabolic tumour volume; SLR, spleen to liver ratio; PR, 

partial response; PD, progressive disease; SD, stable disease; NR, not recorded; Wt, Wildtype.  PD-L1+ TC, PD-L1+ Tumour cells (%) 

represents the proportion of tumour cells which stain positively for PD-L1.  PD-L1+ (TC: IC %) represents the proportion of PD-L1+ cells that 

are tumour cells, compared to immune cells.    

 #All patients with elevated LDH were less than 2 times upper limit of normal.  

*Patient E also received denosumab, an anti-RANKL monoclonal antibody treatment for bone metastases.  

For pre-treatment mIHC, the predominant immune cell type (out of CD3 T cells, CD68 macrophages, CD11c dendritic cells or CD20 B cells) 

and the predominant T cell subset (out of CD3+CD4-CD8- unconventional T cells, CD4+ helper T cells, CD8+ cytotoxic T cells, or FOXP3+ 

regulatory T cells) are presented.  Tumoural PD-L1 mIHC expression is denoted as the proportion of intra-tumoural tumour cells that stain 

positively for PD-L1 (presented as a %). 
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7.1.4 Discussion 

While it is important to have a framework such as the ‘cancer immunogram’ to consider 

the different determinants of response to ICI, there are several challenges when using 

such a framework to consider biomarkers for an individual patient.  Although these case 

studies only described a very small number of patients, there are some interesting 

observations worthy of further investigation.   

Clinical factors 

Patient A highlights the poor clinical prognostic impact of poor baseline performance 

status and presence of brain metastases.  Prior to her anti-PD-1 treatment, she also had 

systemic markers of inflammation with high NLR and low albumin.  Not surprisingly, 

she quickly deteriorated after the initiation of the anti-PD-1 treatment.  As Chapter 3 has 

described, patients with poor baseline performance status have a lower likelihood of 

response to anti-PD-1 treatment.  The remaining patients in this cohort did not have 

brain metastases prior to commencing ICI treatment and the pre-treatment performance 

status was ECOG 0 or 1.   

Blood parameters 

The majority of patients had elevated LDH in this case series.  LDH is a well-known 

prognostic marker in melanoma, and remains as an important prognostic marker in the 

setting of anti-PD-1 treated patients based on post-hoc analyses of clinical trial data .  

However, durable responses are still seen in patients with elevated LDH in the clinical 

trials and therefore cannot be used as a discriminatory marker for ICI treatment.  From 

our small cohort, the three patients who had other markers of inflammation (NLR>5, 

albumin<34g/L)  in addition to elevated LDH had progressive disease and short 

survival.  Further validation of the prognostic value of these three blood markers 

combined as a composite factor, compared to any individual marker alone, is worthy of 

exploration in larger cohorts. 

PET imaging 

In this study there was one patient with raised spleen to liver ratio (SLR)>1.1 and 

indeed this patient had a short duration of response to ipilimumab treatment.  However, 
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it is interesting that she had a subsequent complete response to anti-PD-1 treatment.  

This raises the possibility of whether biomarkers are context dependent, and indeed 

some biomarkers such as tumour mutation burden, have only been shown to be 

prognostic in anti-PD-1 treated patients who are ipilimumab naïve (331).  Furthermore, 

ipilimumab monotherapy has been replaced by either combination 

ipilimumab/nivolumab or anti-PD-1 monotherapy as standard of care treatment in 

advanced melanoma.  Therefore, the more important question regarding high SLR is 

whether it is still prognostic in patients treated with combination ICI or anti-PD-1 

monotherapy.     

We were not able to determine a significant threshold for metabolic tumour volume in 

our study presented in Chapter 5 of this thesis, although others have shown that 

MTV<25mL is associated with good prognosis (458, 459).    However, Patient E had an 

exceptionally large tumour burden of 1.5L of metabolically avid tumour on FDG PET 

in addition to elevated LDH prior to the commencement of anti-PD-1 treatment.  

Despite these poor prognostic factors, complete resolution of tumour was seen in 

association with durable response (the patient was last seen at 5 years after the 

commencement of treatment).  It is noteworthy that he also received anti-RANK-L 

monoclonal antibody for the treatment of his bony metastases and interesting to 

hypothesise that this additional treatment was sufficient to overcome the poor 

prognostic factors.   

Pre-treatment biopsy 

The two mIHC panel enabled the study of not only the T cell compartment but other 

immune cell types.  Interestingly, there were three cases with a predominantly CD68 

immune infiltrate within the tumour in non-responders to ICI.  In all three cases, 

patients had both high tumour burden as well as other markers of generalised 

inflammation (i.e. high NLR and low albumin).  Previous biomarker series have 

highlighted the importance of CD8 cells and PD-L1 cells at the invasive margin in 

predicting response, but have not found CD68 cells to be significant (296).  Given the 

development of mIHC technologies to evaluate multiple immune panels concurrently on 

the same slide, it would be of interest to incorporate CD68 density into future studies.  

Furthermore, it is also not known whether high NLR could be a surrogate for high 

tumoural myeloid infiltration; this may be important to evaluate in future studies.   
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Patient D’s pre-antiPD-1 pre-treatment biopsy comprised mostly of CD11c dendritic 

cells, with relatively few T cells.  The significance of high dendritic cell density is not 

known.  A study recently highlighted the importance of dendritic cells for anti-PD-L1 

function: insofar as this therapy unleashed PD-L1- and CD80- expressing DC to 

promote an anti-tumour effect (519).  However, it is not known from that study whether 

anti-PD-1 would have the same effect, or whether the application of anti-PD-1 into a 

DC rich environment could escalate tumour progression as seen in Patient D.  Another 

clinical question would be whether DC rich disease would benefit more from anti-PD-

L1 therapy instead of anti-PD-1 therapy.  Currently anti-PD-L1 agents are not used in 

melanoma but this may be because therapies to date have not been rationally selected 

depending on the immune cell types present.  Improved understanding of the 

mechanisms of response may see a shift to a more rational selection of therapy 

dependent on the immune cell types present in pre-treatment biopsies.   

One of the limitations of this patient case series is the lack of PD-L1 testing using a 

validated assay for melanoma.  There are four validated companion diagnostic assays in 

clinical practice: PD-L1 28-8 assay for nivolumab, 22C3 for pembrolizumab,  SP142 

for atezolizumab and SP263 for durvalumab.  The SP142 assay was used as part of the 

multiplexed immunohistochemistry panel for our patient cohort study, and this assay is 

not one approved for clinical use in melanoma (i.e. PD-L1 28-8 and 22C3).  There were 

initial concerns regarding the SP142 assay in lung cancer (310), although this was not 

observed in a subsequent study in melanoma specimens, where five PD-L1 assays 

showed comparable staining (312),  Though it must be noted that despite the approval 

of PD-L1 28-8 and 22C3 assays for stratification of patients in clinical trials for 

melanoma, these two assays have not been used for routine clinical decision making.  

This is largely owing to the fact that the patients with PD-L1 negative tumours can still 

derive clinical benefit from treatment.  These two assays only assess PD-L1 staining on 

tumour cells, and the importance of PD-L1 expression on immune cells is increasingly 

recognised.  While we have sub-categorised PD-L1 expression into tumoural (PD-

L1+SOX10+) or immune cell expression (PD+CD3+), the implications of the relative 

expression on tumoural response is not yet known.  Secondly, PD-L1 expression on 

other immune cells such as the myeloid and dendritic cell compartment has been 

ignored.  Future studies of PD-L1 in these latter immune cell compartments will be 
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important to further the understanding of how ICI achieve tumoural responses, and 

whether PD-L1 positivity of these other immune cells can also be prognostic.       

Summary 

Using these illustrative case studies, we have explored the clinical, blood, FDG PET 

imaging and pre-treatment immune profiling biomarkers for ICI.  Some of these cases 

echo the factors described in other chapters of this thesis such as performance status, 

inflammatory markers and FDG PET biomarkers.  The pre-treatment mIHC uses a pan-

immune and T cell panel to study the different immune infiltrates as an evaluation of the 

tumoural immune microenvironment.  While potential biomarkers have been 

investigated as single components, these case studies highlight the possibility of 

achieving tumour response despite multiple negative prognostic factors.  As these 

biomarkers have been investigated separately in the literature, it is not currently possible 

to give them weightings to incorporate into a composite model.  Understanding how 

these multi-factorial biomarkers can be considered together will be crucial in future 

studies.     

7.1.5 Conclusion 

Comprehensive immune profiling of both patient and tumoural immune factors provides 

a framework to consider the various determinants of immune response.  In this case 

study of 6 patients, multi-factorial biomarkers have been explored in relation to their 

ICI treatment outcomes.  Future prospective studies of multi-factorial biomarker models 

will be required in order to establish relative weightings of each biomarker.   
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7.1.6 Figures  
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Figure 7.1 Modified Immunogram for immune checkpoint inhibitors 
for advanced melanoma 
The immunogram proposed by Blank and colleagues (376) can be modified 
to incorporate the prognostic factors explored in this thesis as well as the 
more established biomarkers for immune checkpoint inhibitors in advanced 
melanoma.  Clinical biomarkers of performance status and presence of brain 
metastases can be incorporated as well as blood based biomarkers such as 
neutrophil to lymphocyte, absolute lymphocyte count, albumin, serum IL-6, 
CRP and LDH.  Functional FDG PET CT biomarkers such as spleen to liver 
ratio and metabolic tumour volume can also be considered.  Pre-treatment 
tumour biopsy can also be examined for predominant intratumoural T cell 
subset, as well as ratio of PD-L1 expression on tumour cells or immune 
cells.  These factors can be explored visually in concert in a multi-factorial 
schema, rather than as single components.   
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Figure 7.2 Modified immunograms for patients in Chapter 7 
The modified immunograms are presented for the patients described in 
Chapter 7.  The prognostic factors can also be presented visually using a 
‘traffic light’ system of red, orange and green to indicate whether the factors 
are associated with poor, intermediate or good prognosis respectively.  PD-
L1 density was not included in this schema as the optimal threshold for this 
factor has not been explored.   
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8 Conclusions 

8.1 Discussion 

Over the past decade, immune checkpoint inhibitors have dramatically transformed the 

treatment landscape for metastatic melanoma.  However, only a subset of patients enjoy 

a durable response, coupled with potential serious treatment related toxicities and 

substantial financial cost.  Therefore, biomarkers are urgently needed to aid treatment 

selection.  This thesis explored a range of potential biomarkers including performance 

status (PS), biomarkers in melanoma brain metastases, functional PET imaging 

biomarkers and an in-depth tumoural immune-profiling using novel technologies.   

Clinical biomarkers 

Clinical biomarkers such as performance status are fundamental in the prognostication 

of patients with melanoma.  Our retrospective study showed that poor PS remains 

significantly associated with poor survival and low treatment response rate in patients 

treated with anti-PD-1(259).  A recent prospective study of anti-PD-1 in those with 

ECOG 2 has echoed our findings (397).  These observations have a number of clinical 

implications, including the need for improved surveillance of patients with high risk of 

metastatic disease and early treatment of disease.  The shift towards treatment of early 

stage melanoma such as in the adjuvant and neo-adjuvant setting are also potential 

strategies to treat those with potential micro-metastatic disease (that is, prior to the 

development of symptomatic metastatic disease).  However, the long-term survival data 

from the landmark adjuvant ICI studies are still eagerly awaited.   

In our study we also found that patients with poor baseline performance status were 

more likely to receive treatment within the last month of life and more likely to die in an 

acute hospital.  The promise of durable survival coupled with the lack of predictive 

biomarkers have posed a number of challenges for health care providers trying to 

balance hope while keeping patient expectations realistic (394, 398).  Future prospective 

studies are needed for patients with poor performance status using validated quality of 

life measurements or patient reported outcomes.   It is not known whether anti-PD-1 in 

this population is able to improve cancer related symptoms or whether the treatment 

toxicities and lack of steroid use is actually detrimental to patient care.   
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Routine laboratory biomarkers 

In addition to LDH, routine laboratory tests such as raised white cell count or 

neutrophil: lymphocyte ratio as markers of inflammation have been studied as 

prognostic biomarkers after ICI treatment (248, 268, 520, 521).  More recently, CRP 

and serum IL6 have also been identified as potential prognostic markers in patients 

treated with combination anti-CTLA4 and anti-PD-1 in randomised clinical trials (273).  

However, these studies have routinely excluded patients with brain metastases.  In 

Chapter 4 of this thesis, the post-hoc analysis of clinical biomarkers in patients treated 

in the Anti-PD-1 Brain Collaboration study showed a statistically significant association 

between CRP and poor outcome in patients treated with either nivolumab or its 

combination with anti-CTLA4.  The two candidate variables of CRP and raised white 

cell count were able to stratify patients into three prognostic groups, with excellent 

survival in patients with normal CRP and normal white cell count.  These results need 

to be validated in a larger, independent cohort such as the phase II study of combination 

ipilimumab and nivolumab in 94 patients (4).  If CRP and white cell count were 

validated as prognostic biomarkers in melanoma brain metastases, these readily 

available tests could potentially help stratify patients in future clinical trials for 

melanoma brain metastases.  Furthermore, there may be an opportunity to 

therapeutically target these pathways of inflammation with agents such as Tocilizumab, 

an IL6 inhibitor which may present as a novel combination with ICI for patients with 

brain metastases.  Our post-hoc analysis was limited to a specific subpopulation of 

patients with brain metastases who were asymptomatic and had not received prior local 

therapy.  Future studies also need to assess biomarkers in patients treated for 

symptomatic disease and patients who have received local radiotherapy, as these 

patients represent a significant proportion of patients in clinical practice.   

FDG PET imaging biomarkers 

Baseline tumour size on CT was found to be an important prognostic factor after anti-

PD1 treatment (159, 274).  Functional FDG PET imaging presents as a way of 

surveying not only the metabolic activity of the tumour but also the patient’s immune 

organs prior to ICI treatment.  High spleen to liver ratio (SLR) on pre-treatment FDG 

PET was associated with poor survival after ipilimumab for advanced melanoma 

[Chapter 5].  The underlying mechanism of this PET signature is not known, but 
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patients with high SLR had low albumin in a multivariate analysis, and echoes the 

findings of inflammation being an important prognostic factor in Chapter 4.   

In contrast to published literature, MTV was not associated with survival after ICI when 

MTV was dichotomized at the median of the cohort for our study (458, 459).  However, 

MTV was associated with OS when analysed as a continuous variable, suggesting a 

non-linear relationship between MTV and survival.  This was further explored by 

splitting the cohort into 5 MTV quantiles, where the subgroup with the lowest quantile 

had excellent survival after ICI.  This highlights the risk of type II errors in 

dichotomising continuous variables in discovery cohorts and also the need to validate 

biomarkers in independent cohorts.   

Our PET study also captured a transitional time during ICI development, when majority 

of patients received ipilimumab monotherapy as their first line of ICI treatment, and 

only small numbers of anti-PD-1 treated patients were included.  The treatment 

paradigm has moved on, to where anti-PD-1 monotherapy or anti-PD-1 in combination 

with anti-CTLA4 would be standard of care first line ICI for melanoma.  High SLR was 

associated with poor PFS with ipilimumab and not anti-PD-1 in our small study.  It is 

not known whether the lack of association with anti-PD-1 outcome is genuine or owing 

to the small numbers of anti-PD-1 treated patients in the study.  Nonetheless, it will be 

important to evaluate the utility of this high SLR in anti-CTLA4 based combinations, 

particularly as this is now the standard of care treatment.   

Functional PET biomarkers have great clinical potential, given the non-invasive nature 

of the testing and that the technology is already used in clinical practice.  Our study 

highlights the importance of PET imaging not only in the functional assessment of the 

tumour, but also as a semi-quantitative assessment of the patient’s immune system.  

Improved characterisation of immune organs such as spleen, draining lymph nodes and 

bone marrow will be complementary to other methods of immune profiling.  The major 

limitation of our PET biomarker study is that the biological determinant of high SLR is 

not known.  While it would not be feasible to have splenic biopsies to correlate FDG 

PET imaging, a more comprehensive serological assessment of other inflammatory 

markers such as CRP, white cell count, and profiling of immune cell subsets in the 

peripheral blood matched with functional imaging would be of interest.   

Biological biomarkers 
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In-depth immune profiling of the tumour can be performed by orthogonal methods of 

multi-spectral immunohistochemistry (mIHC) and RNA-sequencing to further the 

understanding of the immune landscape of tumour microenvironments.  Comparison of 

the density and spatial relationships of T cell subsets and PD-L1 staining cells has 

highlighted the distinct immune profile of 3 UV-related skin cancers (melanoma, 

compared to MCC and cSCC).  The novel mIHC panel allowed characterisation of T 

cell subsets, with melanoma displaying an abundance of all T cell subsets compared to 

MCC and a higher infiltration of CD8 compared to cSCC.  There was also a subset of 

MCC samples with a high proportion of CD3+CD4-CD8- T cells which require further 

characterisation.  It would be intriguing to study the double negative T cells in MCC 

further and assess how this cellular population is responsible for PD-L1 expression in 

the tumour.  It may be possible to study these cells more specifically using single cell 

RNA sequencing but the feasibility of this may be limited by the overall low frequency 

of these T cell subsets.  The comparison of the 3 skin cancer types has also highlighted 

the correlates to PD-L1 density in each cancer type: where PD-L1 density appears to be 

highly correlated to other T cell subsets in both melanoma and cSCC but not in MCC.  

This study could be improved by further classification of the PD-L1 expression, to 

assess whether it is co-expressed on tumour cells, T cell subsets or other immune cell 

types.  Furthermore, it may be of interest to assess the PD-L1 status using some of the 

other commercially available assays so to compare whether the different assays are 

taken up differently in different cutaneous cancers.    

Furthermore, differential gene expression and gene set enrichment analyses suggest that 

adaptive immune processes and leucocyte proliferation and migration processes are 

highly upregulated in melanoma and not in MCC.  This highlights the importance of 

examining the non-T cell compartment in skin cancers such as MCC, not only to further 

our understanding of the immune processes at play but also to identify novel immune 

therapeutic targets.  Indeed, recent evaluation of both the myeloid and B cell 

compartments of the tumoural immune landscape has identified possible future 

biomarkers and therapeutic targets(163, 165).  Ideally future tumoural immune-profiling 

would study not only the T cell compartment, PD-L1 status but also the non-T cell 

immune compartments.      

There are a several challenges limiting comprehensive tumoural immune-profiling in 

routine practice.  The technique used to acquire tissue is invasive, the technologies are 
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available only in research setting in academic centres, requiring sophisticated tissue 

processing and bioinformatics pipelines for analyses.  However, these research tools are 

immensely valuable to further the understanding of underlying mechanism of treatment 

response and resistance.  Importantly, these detailed descriptions of the immune cellular 

subtypes or immune processes will be paramount in drug development and rational 

clinical trial design where potentially basket clinical trial design can rationally select 

appropriate ICI combinations dependent on the immune cell type present or the resistant 

mechanisms at play.   

Future of biomarkers in the use of ICI 

A major limitation of biomarker discovery is that candidate biomarkers have largely 

been evaluated as single elements, rather than as part of multi-factorial biomarker 

panels.  Attempts to encompass multi-factorial clinical and tumoural biomarkers into 

clinical utility indices would require well annotated clinical data and tumoural material 

to test and validate multiple biomarkers and determine the relative weighting of each 

biomarker.  This, in turn, would allow the generation of patient decision aids that can 

influence therapeutic decision making.  However, this type of comprehensive clinical 

data collection and biobank is seldom available in clinical practice due to time and 

financial constraints.  Some international consortia have been established by 

investigators from major academic centres; these alliances have the potential to use this 

powerful resource as the framework for research collaborations using real-world data.  

Currently, most well annotated clinical data and ICI outcomes are derived from 

pharmaceutical company sponsored clinical trials.  These clinical trials also have 

substantial biobanks with tumoural tissue and blood stored for biomarker discovery.  

Strong collaboration between clinicians, scientists and pharmaceutical companies is 

needed in order to assess these biomarkers in multi-factorial panels.   

Candidate biomarkers identified to date have not been discriminatory and have failed to 

separate responders from non-responders.  This is not surprising, given the complexity 

of factors needed to initiate and maintain an anti-tumoural response.  In the ideal setting, 

biomarkers would not only discriminate responders from non-responders but have the 

ability to identify resistance mechanisms in the non-responders.  Detailed tumoural and 

patient profiling would be needed in order to have a truly ‘personalised’ form of 

immunotherapy, where resistance mechanism are identified and matched with 
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treatments that can neutralise inhibitors or activate the immune system as needed.  

Clinical trial design will also need to modified in order to test adaptive strategies where 

resistant tumours can then be tested with different immunotherapy combinations.   

Given the need for improved profiling of both the tumoural microenvironment as well 

as the patient’s immune system, it is important to direct research efforts into non-

invasive means of immune-profiling.  Our work assessing FDG PET is one form of non-

invasive immune monitoring but future functional imaging could potentially involve 

specific immune checkpoints to assess the nature of tumour micro-environment.  There 

is also an emerging field of radio-therapeutics where radio-isotopes can be used not 

only in imaging or monitoring response but potentially used therapeutically.  These 

functioning imaging techniques also need to be developed in conjunction with other 

non-invasive techniques such as monitoring of circulating tumour DNA.   

Lastly, while it is important to have biomarkers to enrich for likely responders for the 

purpose of clinical trial stratification, these types of biomarkers are less helpful for 

individual patients trying to balance possible toxicities with the potential for durable 

response.  This therapeutic decision-making may then be left to individual judgements; 

however, it is known from breast cancer literature that patients are prepared to undergo 

substantial toxic chemotherapies for a 1% absolute gain in survival (522).  Research 

into factors that are helpful for treatment decision making for patients due to undergo 

ICI for metastatic melanoma may also focus biomarker development.  Previous studies 

have highlighted treatment toxicities and quality of life as important factors that 

influence treatment decision making.  Consequently, more dedicated research into 

biomarkers for treatment toxicities, as well as patient reported quality of life outcomes 

in ICI are also needed.  

8.2 Conclusion 

In conclusion, this thesis identified a number of candidate biomarkers for ICI in patients 

with melanoma, using clinical factors, functional PET imaging and tumoural immune-

profiling.  This body of work presents some clinical scenarios associated with poor 

outcome after ICI, namely patients with poor baseline performance status, high CRP 

and high SLR on FDG PET imaging.  The comprehensive characterisation of 

intratumoural T cell subsets and PD-L1 density across three UV-related skin cancers 
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highlighted distant immune profiles using orthogonal methods of mIHC and bulk RNA 

sequencing, with possible implications for biomarker development.  Improved 

understanding of both the patient’s immune status as well as characterisation of the 

tumoural immune landscape will be paramount in aiding rational treatment ICI selection 

in the future.       
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Appendix 

A.1 Patient cohort treatment and biomarker summaries 

Patient A  

Patient A is a 45-year-old woman with BRAF V600E mutated metastatic melanoma.  

She presented with de-novo metastatic disease with an intracranial haemorrhage into a 

left fronto-parietal mass (14x22x16mm) at diagnosis.  This was managed with 

neurosurgical debulking.  Her staging CT scans showed metastatic disease in the lung, 

liver, mediastinal lymphadenopathy and subcutaneous metastases.  She was treated 

systemically with vemurafenib with partial response.  Subsequently her disease had 

isolated progression in her liver after 8 months of vemurafenib. Stereotactic radiation 

was directed at the oligo-metastasis in the liver, while the vemurafenib was continued 

systemically.  Three months later, the disease progressed both extra-cranially in her 

lungs and subcutaneous sites, as well as intra-cranially, with an asymptomatic 9mm 

right precentral gyrus metastasis.  Prior to the commencement of whole brain radiation, 

she developed left arm weakness and seizures.  She was treated with corticosteroids 

with good symptomatic improvement.  MRI brain showed haemorrhage into the right 

pre-central gyrus lesion.  FDG PET confirmed progressive disease in lung but otherwise 

controlled disease.  Neurosurgery was performed and the haemorrhagic metastasis was 

resected.   

She was commenced on ipilimumab, with a baseline performance ECOG of 1. Pre-

treatment biomarkers showed a raised Neutrophil to Lymphocyte Ratio (NLR) ratio of 

9.4, where NLR> 5 has been shown to be a poor prognostic feature.  Her intracranial 

involvement was also a poor prognostic factor.  FDG PET scan prior to treatment 

showed normal SLR.  The post treatment FDG PET showed partial response after 4 

treatments.  This was only maintained for 2 months until she developed further 

progressive disease.    

Anti-PD-1 was commenced, by which time her baseline performance status fell to 

ECOG 2.  Her blood tests also showed a persistently raised NLR of 14, with low 

albumin.  Her pre-anti-PD-1 scan showed a normal SLR.  Her pre-antiPD-1 biopsy 

showed a high CD68+ myeloid infiltrate, which may also be a predictor of poor 

outcome(295).  The T cell subset also showed a high CD4 phenotype, rather than the 
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effector CD8 phenotype, the latter of which is associated with a good response to anti-

PD-1(296).  The PD-L1 co-staining was predominantly on tumour cells rather than CD3 

T cells.  Her baseline cytokine profile was unremarkable, except that her IL1β levels 

were low, though this pro-inflammatory cytokine has not been correlated with response 

to ICI previously.   

She was admitted 3 weeks after anti-PD-1 commencement with the development of an 

intra-abdominal necrotic tumoural collection.  She died shortly of systemic progressive 

disease.   

 

Patient B  

Patient B is a 59-year-old man who initially presented in 2004 with a 2.1mm BRAF 

wildtype melanoma of the right cheek (other details of the primary melanoma were not 

available).  Interestingly, he developed a late metastasis to his right testis in 2008, which 

was managed with a right orchidectomy.  Over the next two years his disease relapsed 

with more local regional spread from his primary tumour, with right cervical nodal 

involvement and subsequently right arm subcutaneous and axillary nodal disease; all 

managed with surgery.  Further surgery was performed in 2011 and 2014 when he 

presented with non-locoregional left gluteal and left thigh adductor metastases.   

Finally he presented in 2014 with left external iliac nodal disease and was commenced 

on ipilimumab.  He had a very low burden of disease on PET with no involvement of 

high risk organs such as brain or liver, with a normal SLR.  His baseline performance 

status was not available, but his blood tests showed normal levels of LDH and NLR.  

His pre-treatment biopsies indicate a predominantly T cell rich immune profile with a 

high proportion of CD8 T cells.  His best response to ipilimumab was stable disease but 

the treatment was complicated by Bell’s palsy and ACTH-cortisol axis endocrinopathy.  

Of note, he did not have any history of auto-immunity but as mentioned in the thesis 

introduction, clinically validated biomarkers of ICI induced immune related toxicities 

are currently lacking.  He subsequently developed oligo-progressive disease in a left 

iliac lymph node and left leg which was managed with local resection.     
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Patient C 

Patient C is a 55-year-old woman with BRAFV600E mutated melanoma.  She presented 

with a 1.25mm left scalp superficial spreading melanoma in 2010.  Her disease relapsed 

in 2012 with left neck, left scalp recurrence which was treated with surgery and post-

operative radiotherapy (48Gy in 20 fractions to the left posterior scalp and neck 

completed 11 September 2012).  She was subsequently diagnosed with metastatic 

disease on surveillance imaging October 2013, with bone and small soft tissue 

metastases.  She was commenced on dabrafenib and trametinib January 2014.  This 

resulted in good response confirmed on imaging for ten months.  She was noted to have 

uptake in  her left occiput and T9 bony involvement with possible inflammatory 

changes on her lungs on FDG PET November 2014.  She received radiation to the T9 

vertebra (25Gy/5#) March 2015 and underwent wide local excision and split skin graft 

May 2015 for the scalp metastasis.   

Her disease progressed despite pembrolizumab monotherapy which was commenced in 

June 2015.  Her pre-treatment ECOG was 1, and her LDH was normal but she had a 

notably high NLR ratio, a marker of poor prognosis.  On her pre-treatment FDG PET 

scan, her SLR was normal but she did have bony involvement, which is a metastatic site 

associated with poor response to anti-PD-1(237).  Pre-treatment immune profile with 

mIHC showed almost no T cell infiltrates, but a large proportion of immune cells were 

CD68+ myeloid subsets.  While CD68+ are known to be immunosuppressive and 

associated in early stage disease (43, 523), it has yet to be shown to be prognostic in 

pre-ICI biopsies in small cohorts (299).  Of the small amounts of T cell infiltrates, CD4 

was the predominant phenotype.  The majority of PD-L1 co-staining was on CD3 cells 

(i.e.PD-L1+CD3+ cells).  Palliative radiation was administered in July 2015 for 

symptomatic progression.   
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Patient D 

Patient D is a 70-year-old man with BRAF wildtype, NRAS mutated melanoma.  He 

presented in 2004 with right forearm melanoma which was excised (no other details 

available on the primary tumour).  Over the next 4 years he had annual recurrences of 

in-transit disease which required surgical resection.  In 2012, his disease relapsed in the 

axilla, and this was excised with an axillary clearance with 1 of 15 lymph nodes 

involved.  He received post-operative radiotherapy to the axilla.  In April 2014, he had 

further local recurrences to the chest wall which were treated with radiation.   

He was commenced on ipilimumab for unresectable localised disease in April 2014, 

with progressive disease as the best treatment response.  No pre-treatment biomarkers 

were available prior to his anti-CTLA4 treatment.  

His FDG PET imaging in March 2015 confirmed progressive loco-regional disease and 

was commenced on pembrolizumab monotherapy.  His pretreatment FDG PET scan 

showed large volume disease but limited to his axilla and chest wall, with normal SLR.  

His peripheral blood tests and cytokine profile were unremarkable.  His lack of anti-

tumour response may also be the result of the lack of T cells and B cells, and strategies 

to stimulate the activation of these cell types are crucial in overcoming innate resistance.  

Of the small proportion of T cells present, this comprised mostly CD4 and CD8.  His 

PD-L1 co-staining was mainly on T cells (PD-L1+CD3+ cells).  His disease also 

progressed on anti-PD-1 and he was treated with further palliative radiation in July 

2015.  On imaging in October 2015, he had progressive disease in the chest wall, with 

low volume lung metastases and a new 14mm left basal ganglia metastasis on MRI 

brain.  He was commenced on temozolamide but his disease progressed shortly despite 

this therapy.  
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Patient E 

Patient E is a 66-year-old man with BRAF wild type melanoma.  He presented in 2013 

with a thick left cheek primary melanoma (details unavailable).  His disease relapsed 

locally shortly after his original surgery for primary disease.  Within one year (2014), 

systemic relapse occurred with extensive metastases in his left neck, local and distant 

lymph nodes, liver, lung, and bone involvement.  His pre-treatment PET scan confirmed 

this high volume of disease but the SLR was normal.  Surprisingly, his performance 

status was maximal with ECOG of 0.  His FDG PET imaging showed a very large 

volume of disease.  His pre-ipilimumab LDH was above normal limit of normal and his 

cytokine level did show a high level of serum IL2 but the other cytokines associated 

with inflammation such as TNFα were comparable to those in other patients.  He 

completed four doses of  ipilimumab in June with progressive disease.  He was treated 

with radiation to his left neck nodal disease, mediastinum and C1-C3 vertebrae, 

completed 12 June 2014. 

He commenced nivolumab in July 2014, with further radiation to his thoracic spine.  

Denosumab was added in October 2014 and remarkably, he had complete metabolic 

response by March 2015.  His pre-antiPD-1 tumoural biopsy confirmed a predominantly 

T cell infiltrated immune profile with a mixture of CD4 and CD8 T cell phenotypes.  

His PD-L1 co-staining was mostly on tumour cells (PD-L1+SOX10+ cells).  Given his 

durable response, he was able to discontinue treatment in June 2018.  His most recent 

imaging in 2020 still confirmed ongoing complete metabolic response.    

This case highlights the exceptional durable tumoural responses that are observed, 

despite multiple bad prognostic indicators such as high disease burden, bone 

involvement, raised LDH and high PD-L1 expression on tumour cells as opposed to 

PD-L1 on T cells.  It is not known whether the short interval between anti-CTLA4 and 

anti-PD-1 therapy meant that he effectively received combination ICI, owing to the long 

half-life of anti-CTLA4.  Furthermore, the addition of both radiation and denosumab 

may have had a synergistic effect on anti-PD-1.  Multiple reports have highlighted the 

potential of abscopal effects of radiation, which may lead to an enhanced immune 

response.  Lastly, there is mounting pre-clinical and clinical evidence to suggest the 

combination of denosumab, a RANKL inhibitor, may be synergistic to anti-PD-1(510, 
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524).  More in-depth analyses of exceptional responders such as Patient E may identify 

some mechanism to overcome ICI resistance.   

Patient F 

62-year-old woman presented with 2.6mm nodular melanoma in 1990 on her left lateral 

thigh.  She was treated with wide local excision and inguinal lymph node dissection 

which showed 0 of the 5 nodes involved.  Her disease recurred loco-regionally in 

February 2013 with a 7.2 x 6.5 x 5.9cm mass in the left upper thigh subcutaneously.  

This was treated with wide local excision and post-operative radiation(48Gy/20 

fractions).  In November 2013, her disease recurred again in the left inguinal region 

with a new right lower lobe metastases identified on FDG PET.  She was commenced 

on dabrafenib in December 2013, and trametinib was added in Jan 2014.  There was 

good partial response initially to BRAF targeted treatment but the disease subsequently 

progressed in July 2014.  Further left inguinal dissection and reconstruction was 

attempted but was complicated by post-operative wound break down. At this stage her 

ECOG was 1 and she was commenced on ipilimumab.  Her pre-anti-CTLA4 FDG PET 

also showed a raised SLR.  Her pre-ipilimumab blood tests show a raised NLR of 9.6 

with unremarkable peripheral cytokines.  Her tumoural immune profile showed a high 

CD68 myeloid infiltrate with predominantly CD4 T cell infiltrate.  FDG PET scan after 

4 doses of ipilimumab showed an interval progression of avid disease in the left groin. 

She was commenced on nivolumab in January 2015 and received antibiotics as well as 

radiation to the groin. It is interesting to speculate whether her interval antibiotics may 

have contributed to her treatment response; furthermore, immunoprofiling of stool 

microbes through this period may have provided additional biomarkers.  Prior to 

starting anti-PD-1, her ECOG was 1, her NLR had normalised compared to pre-

ipilimumab.  The SLR on her pre-antiPD-1 FDG PET scan had also normalised.  LDH 

was normal prior to both ICI treatments.  Pre-antiPD-1 tumoural immune profile 

showed an expansion of the T cell compartment and reduction of the myeloid 

compartment compared to pre-ipilimumab biopsy.  CD4 was again the predominant T 

cell phenotype within her tumour.  Subsequently she gained complete metabolic 

response to treatment.  She received 2 years of nivolumab treatment, then ceased 

therapy after ongoing response was demonstrated.  This case is an example of the short 

progression-free survival seen after ipilimumab in patients with high SLR.  However, a 
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subsequent switch to anti-PD-1 still resulted in a durable response.  It is not known 

whether this is due to the non-overlapping mechanisms of action between the two 

agents or whether the antibiotics administered between the two therapies have had a 

synergistic response.  To date, preclinical and retrospective data have associated 

antibiotics with poor response to anti-PD-1 therapy but investigations are underway to 

understand how faecal microbiota can be manipulated to induce a tumoural response.  
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