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1 antibody in the presence of patient-matched rectal cancer organoids ..................... 200 

Figure 26: FACs analysis of stimulated TILs by CD3/CD28 dynabeads of TS420, for NK 

(CD56+/CD8-), NKT (CD56+/CD8+), cytotoxic (CD3+/CD8+) and T helper 

(CD3+/CD4+) TILs. All TIL subsets demonstrate an increase in PD-1 expression from 

Day 1, 2 and 5 .................................................................................................................... 201 

Figure 27 (a): An assessment of synchronous primary and metastatic rectal cancer TILs 

on primary rectal cancer organoids; graph plotting the MFI of primary rectal cancer 

organoids in the presence primary versis metastatic RC TILs, which showed primary RC 

TILs had a superior killing ability compared to mRC TILs. However, mRC TIL function 

was improved with the addition of anti-PD-1 antibody ................................................ 203 
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Abstract 

 

The standard of care for locally advanced rectal cancer (T3-4 +/- N+) is neoadjuvant 

chemoradiotherapy (CRT) followed by total mesorectal excision (TME). However, this 

has been challenged recently with increasing interest and trials assessing the efficacy 

and safety of avoiding TME. This concept is known as the “watch and wait” strategy, if 

patients were deemed to have clinical complete response (cCR). The current limitation 

is the risk of local tumour regrowth rate between 20-30%, as cCR is not equivalent to 

pathological complete response (pCR). 

 

Therefore, this thesis describes the development of a novel immune cytotoxic assay for 

measuring patient-matched cytotoxic T cell-mediated killing of rectal cancer organoids. 

Subsequently a proof of principle prospective observational study was conducted, 

showing in those patients with pCR, their cytotoxic T cell-mediated killing were highest 

when compared to non-pCR. Furthermore, this was a stark difference without 

overlapping of 95% confidence interval when compared to the partial and non-

responding T cell-mediated killing of rectal cancer organoids.   

 

At the other end of the spectrum, those that had failed to achieve any response to 

neoadjuvant therapy will not have any other therapeutic option left to increase their 

tumour response rate. Promising emerging therapies employing immunotherapy by 

check-point inhibition and/or targeted-vaccine are now highly relevant, especially in 
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highly immunogenic colorectal cancer such as microsatellite instability high subset due 

to high somatic mutation. A similar tumour microenvironment has been documented 

after induction radiotherapy, with success of check-point inhibition shown only in 

mouse models. Using the immune cytotoxic assay, this thesis demonstrates the 

increased in patient-matched T cell-mediated killing of rectal cancer organoids in the 

presence of check-point inhibition. This opens another avenue to explore the utility of 

immunotherapy using a T cell-organoid model, with the potential for investigating and 

identifying novel markers to immune resistance.   
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Chapter 1 Literature Review 

 

Introduction 

 

Colorectal cancer is a malignant growth within the colon or rectum, and are collectively 

grouped together because of their common features. An estimated 17,520 new cases are 

diagnosed annually in Australia,1 corresponding to 1.4 million new cases worldwide in 

2012.2 Australia and New Zealand has the highest incidence of colorectal cancer and it 

is also the second most common cancer-related death in the developed countries.3 

Despite the advances made in the diagnosis and treatment, the 5-year overall survival 

has remained at 60-65% in the last decade.1 As locally advanced rectal cancer is treated 

differently from colon cancer, this subgroup will be the focus of the thesis. 

 

Current Management of Rectal Adenocarcinoma 

 

The Evolution of Rectal Cancer Management 

 

Rectal cancer comprises approximately 35% of all colorectal cancers4 and early stage (T1-

2 and node negative) disease has a similar treatment algorithm as colon cancer; which 

is surgery alone whereas locally advanced rectal cancer (T3-4 and/or N+) will first 
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receive neoadjuvant CRT before surgery. The differing approach between early and 

advanced rectal cancer is due to its anatomical position in a narrow, confined pelvis. 

The rectum starts at the rectosigmoid junction, lies opposite the sacral promontory and 

follows the curvature of the sacrum that ends at the anorectal junction. By appreciating 

the anatomical restriction within the pelvis, the risk associated with surgery without 

neoadjuvant CRT is positive circumferential resection margin (CRM), which is 

associated with higher rates of local recurrence.5 Historically local recurrence rates were 

as high as 40%, and perhaps most famously 27% in the control arm of the Swedish rectal 

cancer trial conducted in the early 1990s for immediate surgery compared to 11% in the 

short-course CRT arm.6 Subsequently, increasing trials comparing neoadjuvant CRT to 

immediate surgery showed improvement in local disease control. Other benefits of 

neoadjuvant CRT include an increase in radiation effect (as local blood supply is not 

damaged and tumour oxygenation is paramount for radiation sensitivity), minimising 

radiation toxicity, an increase in sphincter preservation and most importantly, potential 

down staging of the tumour. 5-7 

 

As the improvement of non-surgical approaches was taking place, so was the evolution 

of surgical techniques. Before the introduction of neoadjuvant CRT, all rectal cancers 

were managed by surgery alone, and patients had to endure a radical abdominoperineal 

resection (APR), first described by Czerny in 1884.8 This requires complete removal of 

the whole rectum including anus. Subsequently, W Ernest Miles described the 

importance of extending the surgical resection to include the whole pelvic colon, its 

blood supply, and associated lymph nodes.9 This technique was based on “zone of 
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upward spread”, by understanding how local recurrence occurs in patients after 

surgery.9 

 

Following concerns of high pelvic failure and local recurrence rates, in 1988 William 

Heald described the ideal resection plane, also known as the “holy plane” of surgical 

rectal dissection.10 Today it is the standard operative technique, and is best known as 

TME, which requires the operator to perform a meticulous dissection in the extra-fascial 

plane. This maintains an intact fascia envelope of the posterior, lateral and distal 

mesorectum as these locations harbour lymph nodes, which are the basis of a danger 

zone around the visible and palpable tumour. Through this innovative technique and 

neoadjuvant CRT, the current local recurrence rate is now quoted as 5-7%.11,12  

 

Tumour Response after Neoadjuvant Chemoradiotherapy 

 

A spectrum of tumour response exists after neoadjuvant CRT for locally advanced rectal 

cancer; 10-25% will have pCR, defined as no residual tumour identified on histology of 

the resected specimen whereas an estimated 20-30% will not have any response or their 

tumour progresses during treatment.13-15 The clinical relevance is the association of pCR 

or partial response with improved disease-free survival (DFS) and overall survival (OS) 

in some studies.13,16  
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Studies from two Australian institutions showed pCR conferred 5-year DFS advantage 

of 88.8% and 97.5%, with estimated hazard ratio (HR) of 0.13 and 0.26 respectively.16,17 

A similar correlation was reported in European and American studies.18,19 However 

inconsistent reports suggest pCR offers no survival advantage compared to partial or 

non-responding tumour,20-23 and tumour regression grade (TRG) did not confer 

superior prognostication compared to American Joint Committee on Cancer (AJCC) 

TNM staging system after neoadjuvant CRT in multivariate regression analysis.21  

Moreover the majority of studies compare pCR to non-pCR, without correlating the 

different grade of tumour regression to long-term outcomes,13,16,24 and when TRG was 

taken into account, it was not statistically significant, likely due to the small sample 

sizes.15,25,26 A meta-analysis analysis study can overcome these challenges as the 

combined studies will increase sample size. This will have significant clinical 

implication if TRG is to be relied on as a decision maker for change from the current 

treatment algorithm.27,28  

 

Clinical Relevance of Tumour Regression Grade 

 

The standard of care for locally advanced rectal cancer (neoadjuvant CRT followed by 

radical surgery) has been challenged in the last decade. There has been a shift in 

philosophy by a few clinicians away from radical surgery, followed by an increased 

awareness in the surgical community towards a “watch and wait” strategy, where the 

tumour bed is observed closely for tumour regrowth. This concept, first conceived by 
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Nakagawa et al.29 but popularised by Habr-Gama and colleagues in 200427, is gaining 

increasing traction in the Western World. This concept uses cCR as a surrogate marker 

for pCR, together with rigorous follow-up regimen, that is required to detect tumour 

regrowth.27 

 

The rationale behind this strategy is the knowledge that 20% to 30% of patients 

receiving neoadjuvant CRT will achieve a pCR.30-32 However, despite the strong shift 

towards personalised medicine, there are currently no reliable methods to identify 

patients who have achieved a pCR. 33-35  Instead, authors advocating for the “watch and 

wait” approach rely on cCR to select the appropriate patients for this pathway. 

Assessment and consequently intensive surveillance were performed (see Table 1) by a 

combination of digital rectal examination (DRE), endoscopic visualisation and imaging 

(MRI and/or PET/CT).36  

 

The challenge with the “watch and wait” approach is therefore identifying the 

appropriate patients for this pathway. Clinical complete response does not always 

correlate with pCR.37 Consequently, a proportion of patients will fail “watch and wait” 

and require surgical resection for tumour regrowth.  In a comprehensive systematic 

review of nine studies, persistent cCR was achieved in 256 of 370 patients (69.2%) and, 

in those who had tumour regrowth, salvage surgery was possible in 83.8%.36  
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Table 1: A systematic review was performed (the last database search was on May 2016) on all studies assessing the safety of “watch and 
wait” approach. An overview of study design, modalities utilised for assessing clinical complete response, and relevant short- and long-
term outcomes 

Author 

Year 

Study 
Design 

Time to 
assessment of 

response 
from last dose 
of treatment 

Modality to 
assess 

response 

No. pCR 
after 

immediate 
surgery 

No. of 
pCR 
with 
DR 

No. 
WW 

No. 
persistent 

cCR (%) 

No. 
WW 
with 
LR 

No. 
WW 
with 
DR 

alone 

No. 
WW 
with 

LR and 
DR 

No. 
Salvage 
surgery 
for LR 

Other 
method 

Non-
salvage 
and/or 

palliative 
Rx 

No. 
Salvage 
surgery 
for DR 
alone 

Renehan 
et al. 
201617 

Prospective > 8 weeks 
DRE, MRI, 
endoscopy 

N/A N/A 129 85 (65.9) 44 3 3 32 5 
2 DR, 3 
€, 2 α 

3 

Lai et al. 
201623 

Retrospective 8-12 weeks 
MRI, CTCAP, 

CEA and 
CA19-9 

25 1 18 16 (88.9) 2 0 0 2 0 0 0 

Appelt et 
al. 201518 

Prospective 6 weeks* 
Endoscopy 
and biopsy* 

N/A N/A 40 31 (77.5) 9 0 3 9 0 0 3 

Smith et 
al. 201526 

Retrospective 
Not 

reported§ 

DRE, 
proctoscopy, 
ERUS, axial 

imaging, 
endoscopy 

and biopsy€ 

30 1 18 16 (88.9) 1 1  0 1 0 0 1 

Habr-
Gama et 
al. 201416 

Prospective 10 weeks 

DRE, 
proctoscopy, 
MRI, ERUS, 

PET 

N/A N/A 90 
54 

(60%) 
28 3  5  25 1 1 DR, 1 € 1 

Smith et 
al. 201219 

Retrospectiveǂ 4-10 weeks 

DRE, 
endoscopy 

and selective 
biopsy 

57 3 32 26 (81.3) 6 0 3  6 0 0 0 
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Dalton et 
al. 201221 

Retrospectiveǂ 6-8 weeks 
MRI, EUA 
and biopsy 

6 0 12 6 (50) 6 0 2  6 0 0 0 

Maas et 
al. 201120 

Prospective 6-8 weeks 
MRI, 

endoscopy 
and biopsy 

20 1 21 20 (95.2) 1 0 0 1 0 0 0 

Nakagawa 
et al. 
20021 

Not reported 3-4 weeks 
Proctoscopy 
and biopsy 

N/A N/A 10 2 (20) 8 0 4  6 0 1 DR, 1 α 0 

Total (%)    138 6 370 
256 

(69.2) 
105 

(28.4) 
7 

(1.9) 
20 

(5.4) 
88 

(83.8) 
6 (5.7) 11 (10.5) 

8 
(72.7) 

 

DRE – Digital rectal exam, CTCAP – Computed tomography chest, abdomen and pelvis, ERUS – Endorectal ultrasound, PET – Positron emission 

tomography, LR – Local regrowth DR – Distant recurrent, WW – Watch and Wait 

ǂ Retrospective study of prospectively collected database 

§ Decision to “watch and wait” was documented to be made between 7-24 weeks 

€ Not fit for surgery 

α Fit for surgery but refused  

* Tumour assessment protocol was also; 2,4- and 6-weeks during treatment. During endoscopic procedure, ink-tattoo was placed around the tumour 

in rectal wall as baseline. Biopsies were taken at 3,6,9,12 o'clock and if necessary, at point of interest 

€ Modality used to assess tumour response is not standardised  
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Hence, surgery following neoadjuvant CRT has been the cornerstone in the treatment 

of locally advanced rectal cancer, providing good oncological outcomes. However, the 

potential sequelae of such radical surgery include long term urinary and sexual 

dysfunction and faecal incontinence. There are also immediate post-operative risks to 

consider including bleeding, infection and anastomotic leak.38 From a patient’s 

perspective, organ preserving strategy would mean the potential to avoid the need for a 

temporary or permanent stoma, maintaining gut function and quality of life.39 This was 

further supported by a propensity-score matched cohort analysis comparing “watch and 

wait” to immediate surgery showed a significantly better 3-year colostomy-free survival 

for “watch and wait” group; 74% (95%CI 64-82%) versus 47% (95%CI 37-57%), hazard 

ratio of 0.445 (95%CI 0.31-0.63, p<0.0001) and 26% (95%CI 13-39%) absolute 

difference.40 

 

Therefore, the purpose of “watch and wait” is to avoid the morbidity associated with 

radical surgery by preserving the rectum.  However in order to adopt the “watch and 

wait” approach safely, an accurate assessment of treatment response is still required.41 

To date, as no single modality can predict pCR accurately, clinicians advocating the 

“watch and wait” strategy to patients need to consider the potential risk of tumour 

regrowth and distant metastasis, as a trade-off to immediate curative surgery with 

oncological certainty.  
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Predicting Response to Neoadjuvant Chemoradiotherapy 

 

There has been a significant shift of focus to predict response after neoadjuvant CRT, to 

increase the likelihood of stratifying patients to a personalised treatment algorithm. At 

the present time, clinicians rely on pre-operative staging scans to decide on the 

appropriate treatment pathway; Stage I (T1-2, N0, M0) may receive immediate surgery 

without CRT whereas Stage II (T3-4, N0, M0) or III (T+, N1-2, M0) may be advocated to 

have CRT first before TME.42 Yet this is a crude stratification as TNM stage is not a 

significant predictor of response to chemoradiotherapy.  

 

Identifying the extent of tumour response can be categorised by; 1) clinical assessment, 

2) imaging, 3) laboratory testing, 4) genomics and 5) immune profiling.  

 

Clinical Assessment 

 

DRE, endoscopy and biopsy play an essential role in the assessment of cCR.36 DRE allows 

assessment of tumour size, morphology, mobility, and circumference. The limitation is 

the discordance between surgeon’s assessment and pathological response, as 

demonstrated by Guillem et al.43 In a single surgeon clinical assessment, before and after 

neoadjuvant CRT, the study found only 21% pCR were identified correctly.43 Reasons for 

the poor correlation in DRE are; tumours beyond the reach of the examiner’s finger, 



44 

 

difficulty in distinguishing between fibrosis and microscopic tumour bed on palpation 

and the subjective interpretation of tumour response.  

 

As for endoscopic visualisation and biopsy, it had similar accuracy to DRE, with only 

59% diagnosed correctly in one prospective study.44 Poor detection rate can be 

explained by a single study investigating the distribution of residual rectal cancer after 

neoadjuvant CRT within different layers of bowel wall.45 A total of 79 patients were 

recruited, and the distribution of residual rectal cancer for ypT2-4 (yp denotes staging 

after neoadjuvant CRT) in the mucosa, submucosa, and muscularis propria was 20%, 

36.7%, 69.2%, respectively. This led to a sensitivity of 12.9% and specificity of 94.1%. The 

study concluded that the rectal cancer residual was primarily located in the deeper 

layers of the bowel wall, and that the biopsy results for primary rectal lesions were 

unreliable.45 Moreover neither DRE nor endoscopy is able to assess nodal involvement 

after neoadjuvant CRT.  

 

Imaging 

 

Restaging after neoadjuvant CRT in locally advanced rectal cancer is not routine 

practice, because it is not funded in Australia. Imaging modalities can include 

endorectal ultrasound (ERUS), magnetic resonance imaging (MRI) and positron 

emission tomography (PET/CT).  
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Endorectal Ultrasound 

 

Assessment by ERUS has been shown not to be accurate, owing to the inflammation, 

necrosis and desmoplastic changes identified after neoadjuvant CRT. The overall ypT 

stage accuracy was highly variable, between 43-73%. However ERUS may have a role in 

confirming lymph node negativity after pre-operative treatment, with ypN stage of 72-

77% in those with pCR.46-50 In one study, six of six patients were correctly diagnosed 

with absence of lymph node involvement47-49 and in three studies, the negative 

predictive values were between 81-88%.44,49,51 

 

Magnetic Resonance Imaging 

 

Pre-operative MRI has been the key imaging modality to assess T and N stage as a guide 

to clinical management. In the last six years, two emerging groups (Regina Beets-tan 

and Gina Brown) have investigated the utility of re-staging MRI to assess pCR. Similar 

to DRE, the limitations of MRI are the inability to differentiate residual tumour from 

fibrosis, desmoplastic reaction, inflammation and oedema surrounding tumour bed 

post-therapy.52,53 An extensive systematic review performed by Ryan et al. showed the 

accuracy of standard MRI in assessing T and N stage were 45-67% and 65-75% 

respectively. 41 
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Championing the usage of restaging MRI is the Magnetic Resonance Imaging and Rectal 

Cancer European Equivalence (MERCURY) group, whose focus was to assess the 

accuracy of MRI in determining multiple facets of tumour response after neoadjuvant 

CRT in relation to short-term (tumour regression) and long-term DFS and OS. 53-55 In 

the process, the authors have developed MRI TRG (mrTRG), to stratify good and poor 

responders.53 In addition, they discovered extra-mural venous invasion (EMVI) was 

significantly predictive of poor responders in their updated series, when added to 

mrTRG (refer to Table 2).56 In their multivariate Cox-regression analysis, mrTRG 4-5 

increased the risk of disease recurrence with an estimated HR of 5.75, and concluded 

that it can be used to identify high risk patients for more intensive therapy. Because 

patients were stratified as good versus poor responders, the accuracy to predict pCR 

using re-staging MRI is uncertain.  

 

In a large (1,566 patients from 33 studies) meta-analysis performed by van der Paardt 

assessing the accuracy of re-staging MRI in predicting pCR, they found re-staging MRI 

sensitivity and specificity of 19% and 94% respectively. This result was enhanced by 

applying diffusion weighted imaging (DWI), with significant increase in sensitivity to 

84% but a lower specificity of 85%.57 Because of the heterogeneous results with re-

staging MRI accuracy, this modality cannot be relied upon to dictate non-surgical rectal 

conserving approach.   
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Table 2: The criteria for the assessment of mrTRG 

mrTRG Definitions 

1 No/minimal fibrosis visible (tiny linear scar and no tumour signal) 

2 Dense fibrotic scar (low signal density) but no macroscopic tumour 

signal (indicates no or microscopic tumour) 

3 Fibrosis predominates but obvious measurable areas of tumour signal 

visible 

4 Tumour signal predominates with little/minimal fibrosis 

5 Tumour signal only (no fibrosis, includes progression of tumour) 

 

 

Positron Emission Tomography/Computed Tomography 

 

PET/CT is a nuclear medical imaging technique that acquires a 3-D image of the the 

body. A small amount of radioactive fluorodeoxyglucose (FDG) tracer is injected 

through a vein, and will be taken up by all active tissue. But, because cancer cells grow 

rapidly, there is an increased uptake at the cancer site compared to normal healthy 

tissue. Hence the degree of metabolic response (measured by FDG uptake), before and 

after neoadjuvant CRT, correlated with TRG allowing differentiation of responding from 
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non-responding tumours with an overall accuracy of 80%.58 Other authors have 

reported similar accuracy at different standardized uptake value (SUV) mean reduction. 

Cascini et al. found that a threshold of 52% decrease in SUVmean resulted in an accuracy 

of 100% when distinguishing between histologic responders from non-responders. 

When using SUVmax values, a cut-off of 42% decrease in SUV max identified responders 

from non-responders with an overall accuracy of 94%.59 

 

There are still reservations about relying on PET/CT as a predictor of pCR, due to the 

limited number of studies and no set standardized assessment of tumour response or 

cut-off mean value in the reduction of metabolic activity. Furthermore, false positive 

tests have been reported due to inflammatory changes without any residual disease 

found on the tumour bed.60 

 

Combining Clinical Assessment with Imaging Modalities 

 

A potential method to improve the accuracy of predicting pCR is to combine clinical 

assessment (DRE, endoscopy for mucosal assessment and biopsy of suspicious lesions) 

with imaging.  The addition of radiological assessment has shown encouraging results 

in increasing the detection of pCR.52,61-63 Two of the most promising modalities in 

combination with clinical assessment are (PET/CT)63 and MRI with diffusion weighted 

imaging (MRI DWI)52.  
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Habr-Gama’s group from Sao Paulo investigated the utility of PET/CT in predicting cCR, 

reporting an accuracy approaching 91%.63  When clinical assessment was combined with 

PET/CT, the accuracy increased to 96%.  The high fidelity in these results is likely due 

in part to the vast experience accrued over the last two decades by this pioneering group 

as evidenced by their serially published updates.27,64.  In the same manner, Maas et al. 

reported a clinical assessment sensitivity and specificity of 53 and 97% respectively, 

which when combined with MRI DWI led to a post-test probability of predicting cPR of 

98%.52 Both MRI and PET have shown great promise when combined with clinical 

assessment as part of a multi-modal technique in assessing tumour response rate after 

neoadjuvant CRT. What is currently lacking is a randomised single blinded trial on 

PET/CT or MRI, although the current TRIGGER trial, a multicentre randomised control 

trial assessing the utility of mrTRG as a novel biomarker to stratify patients between 

good and poor responders to chemotherapy, may give us an answer. 

 

Laboratory Testing 

 

Two distinct markers have been consistently associated with pCR, carcinoembryonic 

antigen (CEA)65,66 and neutrophil-lymphocyte ratio (NLR),67,68 both routinely 

performed as part of a patient’s clinical work-up for rectal cancer management. 

However, discrepancy in the mean cut-off point or reduction value makes it difficult to 

ascertain the true implications of these markers. A study by Perez et al., which had 170 

patients whom received neoadjuvant CRT followed by surgery, found post-treatment 
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CEA level of <5 ng/ml was associated with increased rates of pCR65 whereas in another 

study with 90 patients with pCR from 530 patients, pre-treatment CEA levels of 3.4 

versus 9.6 ng/ml were strongly associated with pCR.69 Similar results can be 

extrapolated from NLR,67,68 and it is likely there is a range of cut-off points that need to 

be established through a much larger, multicentre study to ensure clinical applicability.  

 

Genomics 

 

Using genomic expression to predict response or outcome in patients is not new. It is 

thought that a panel of genes will be able to stratify patients into high or low risk, thus 

having an objective test to inform patient’s risk and justification for adjuvant 

chemotherapy. The first commercially available gene expression panel is the Oncotype 

Dx colon cancer test, a multi-gene test for predicting risk of recurrence in patients with 

stage II and III colon cancer.70 Other gene expression panels are also available such as 

ColoPrint and ColDx, both reported to be robust diagnostic platforms in refining the 

prognosis of Stage II and III colon cancer.71,72 Although promising in colon cancer 

cohorts, currently there are no data on the relevance of these commercially available 

gene expression panels in rectal cancer after neoadjuvant CRT. 

 

Nonetheless, a wide variety of genetic and molecular markers have been implicated to 

predict response to neoadjuvant CRT, and some of these were highlighted in a 

comprehensive systematic review by Spolverato et al.73 In the review, they showed 
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epithelial growth factor receptor (EGFR), thymidylate synthase genes, bcl-2/bax and 

cyclooxygenase-2 were promising biomarkers in predicting response to neoadjuvant 

CRT, but the value of p53, Ki-67 and p21 testing remains controversial. Hence no specific 

biomarker(s) has yet been conclusively proven to be robust for clinical utility and a 

better predictive tool is still required.  
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The Immune Contexture in Locally Advanced Rectal Cancer 

 

Tumour Infiltrating Lymphocytes  

 

The body’s immune system is a host defence mechanism to protect against a variety of 

threats, such as infection, allergens or cancer. It is classified into the innate and adaptive 

immune system; the characteristic differences are shown in Table 3. As there is a wealth 

of evidence supporting the adaptive immune response as the key mediator for clinical 

prognosis, this study will explore the clinical utility of tumour infiltrating lymphocytes 

(TILs) in predicting response to neoadjuvant CRT for locally advanced rectal cancer .74 

 

The first indication that the immune system may play an important function in tumour 

suppression was noted by William Colley in 1891. This was in the setting of a patient 

with inoperable solid cancer and the critical observation of cancer regression over time 

after a feverish infection.75 Over the next four decades, William Coley continued to treat 

patients with a bacterial (streptococcal organism) preparation, also known as “Coley’s 

toxin” but due to the low cure rates, it was not widely accepted. Indeed it was not until 

the 1990’s, that the concept of immuno-surveillance received prime attention.76 This 

was spurred by evidence showing dendritic cells (a type of antigen presenting cell - APC) 

can present tumour associated antigens to the adaptive immune cells.77-79   
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Table 3: The difference between innate and adaptive immune response 

Feature Innate immune system Adaptive immune system 

Antigen-

recognition 

Not required, non-specific 

defence mechanism 

Required, specific  

Action time Immediate Lag-time 

Immunological 

memory 

No Yes 

Second exposure No alteration with response 

time 

Improve immune response 

with successive exposure 

Cell type Macrophages, dentritic cells, 

neutrophils 

B and T lymphocytes 

 

Since this discovery, many studies have found specific adaptive immune markers by 

immunohistochemistry that correlate with good cancer prognosis and demonstrated 

the ability to improve patient outcomes by enhancing anti-tumour effects using 

immunotherapy.80 However there is a complex dynamic interplay between the different 

subsets of adaptive immune cells, which will be elucidated in this review. 
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Cytotoxic (CD8+) T cells 

 

There is a wide acceptance that cytotoxic T cells, play a pivotal role in suppressing 

tumours, identified by their cluster of differentiation (CD) marker, CD8+. Cytotoxic T 

cells are part of the adaptive immune response, a pathway that creates immunological 

memory to a specific antigen after exposure. It is highly specific to the pathogen and 

will lead to an enhanced immune response with subsequent exposure.81  

 

The maturation of T cells takes place in the thymus, a complex process to ensure all T 

cells can discriminate between self and non-self. In humans, all nucleated cells express 

MHC class I, also referred to as HLA complex, which contains three loci; HLA-A, -B and 

-C.81 By recognising MHC Class I and self-peptide, T cells will not mount an 

immunological response against self. Whereas during a foreign pathogen invasion, 

APCs are required to internalised exogenous antigens by endocytosis and present 

fragments of these antigens through MHC Class I molecules to various B or T cells.81 

This is known as the alternative pathway or cross-presentation, in which naïve cytotoxic 

T cells become effector cytotoxic T cells. 

 

Once the cytotoxic T cell is primed to kill, it does so through three mechanistic 

pathways; 1) secretion of cytokines - TNF-α and IFN-γ, 2) production and release of 

cytotoxic granules that contain perforin and granzyme and 3) Fas/Fas-ligand 

interaction.82 IFN- γ is produced and released by natural killer (NK), Th1 and cytotoxic 
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T cells. Its biological functions include upregulation of MHC Class I molecules to aid in 

the priming and presentation of antigen by professional APCs, regulating the 

differentiation and activation of Th1 cells through upregulation of Tbet, inhibition of 

Th2 cell development, and promotion of NK cell activity.83,84 Similarly, the secretion of 

TNF-α, in response to an inflammatory reaction, is promoted by multiple inflammatory 

cells and lymphocytes. Together with IFN-γ, it has a synergistic effect to cause tumour 

lysis.83,85,86 

 

The second mechanism is the release of cytotoxic granules. Perforin is released to form 

pores in the membrane of the target cell, to allow granzyme B to be released into the 

malignant cell. Granzyme B is a serine protease that will cleave proteins within the cell, 

shutting down the cell’s biological function leading to apoptosis.87 The third cytotoxic 

pathway is Fas/Fas-ligand interaction, a slow induction of target cell apoptosis. 

Activated cytotoxic T cell express Fas-ligand on their cell surface, which binds to its 

receptor Fas, on the surface of the malignant cell. This receptor binding will lead to the 

activation of the caspase cascade, causing apoptosis of the malignant cells.82,87 

 

An essential step to tumour control is the generation of long-term immunity. This will 

depend on the formation of many effector memory T cells. The effector memory T cells 

has the ability to respond quickly, with the rapid expansion of more cytotoxic T cells 

compared to naïve cells. It has been shown that cytotoxic T cells can survive for  

prolonged periods in the absence of antigen stimulation (>50 years in humans) and are 
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maintained by self-renewal cytokines driven by IL-15 and IL-7 (also known as 

haemostatic proliferation or turnover).88 All these factors support the killing of tumour 

cells. 

 

T helper (CD4+) cells  

 

T helper cells are responsible for regulating a myriad of immune cells, by releasing 

cytokines that promote or suppress anti-tumour response.89 Four well-documented T 

helper cell lineages found within the tumour microenvironment are Th1, Th2, Th17 and 

T regulatory cells. 

 

Th1 and Th2 cells are determined by their transcription factor, T-bet and GATA-3 

respectively.89 Further characterisation is defined by the type of cytokines released, such 

as IFN-γ, TNF-α, monocyte chemotactive protein-1 (MCP-1 or CCL2) and macrophage 

inflammatory protein-1α (MIP1α or CCL3) secreted by Th1 cells, whereas Th2 cells 

predominantly secrete IL-4, IL-5 and IL-13.90 Th1 cells are crucial to anti-tumour 

response as they enhance the priming and expansion of cytotoxic T cells, and recruit 

NK cells and type 1 macrophages to tumour sites.89 In contrast, Th2 cells can initiate an 

inflammatory process mediated response that facilitates tumour growth.91,92 
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Similarly Th17 cells, identified by their transcription factors, STAT3 and RORyt, produce 

and release IL-17A and IL-17F cytokines to promote an inflammatory response related 

to protumourigenesis.93 However, the use of in vitro mouse models suggested that Th17 

cells are similar to stem cell-like memory cells, with attributes of long lifespan, plasticity 

and ability to self-renew.94,95 This confounding feature relates to their plasticity, the 

ability to switch between anti-tumour versus pro-tumour responses. This switch is 

reliant on the type of cytokine released by other immune cells within the tumour 

microenvironment. Hence Th17 cells are capable of acquiring functional characteristics 

similar to Th1 cells in the presence of IFN-γ, which relates to their anti-tumour 

properties.95 

 

Finally T regulatory cells are best characterised by their transcription factor FoxP3, and 

are dependent on transforming growth factor-β (TGF-β) and IL-2 for their proliferation 

and conversion from CD4+/FoxP3- to CD4+/FoxP3+ T cells.96 Their biological function 

is prevention of autoimmunity by maintaining self-tolerance.97 However contradicting 

prognostic implications were reported in colorectal cancer, with evidence showing high 

density T regulatory cells within the tumour microenvironment often confer good 

prognosis.98-104  

  



58 

 

Table 4: The functional biology of immune-related cytokines 

Cytokines/ 

Chemokines 

Cells producing 

the cytokines 
Function 

TGF-B88 

Tumour cells 

Tumour 
infiltrating 

immune cells 

1) Inhibit T cell proliferation, cytokine production and 

cytotoxicity 

2) Promote recruitment of Treg and MDSC by induction of 

FOXP3 

3) Inhibit APC by suppressing cell maturation, IFN-γ 

production and inducing MHC Class II downregulation 

IL-10 

Tumour cells 

Tumour associated 
macrophages 

Treg 

B cell 

1) Promotes MDSC induced immunosuppression 

2) Inhibits the expression of CD40 co-stimulatory molecule on 

APC 

VEGF  

1) Promotes tumour angiogenesis 

2) Promotes recruitment of MDSC and macrophages to site of 

tumour 

3) Inhibits myeloid cell maturation including DC 

CCL2  

Monocyte 
Chemoattractant 

Protein-1 

Tumour 

1) Promote recruitment of monocyte and many other cell types, 

especially TAM and Treg 

2) Inhibits T cell function 

TNF-alpha105 Inflammatory cells 
and lymphocytes 

1) Mediation of systemic inflammatory response to infection 

and sepsis  

2) Anti-tumour activity 

a. Destruction of tumour vasculature 

b. Haemorrhagic necrosis but severely toxic 

3) Pro-tumour activity 

a. Enhance malignant survival 

b. Inducing EMT 
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c. Facilitate metastatic spread 

d. Regulate extent and phenotype of leukocyte 

infiltration and angiogenesis 

IFN-γ 

CD8 T cell 

Th1 cell 

NK cell 

1) Promote NK cells activity 

2) Increase antigen presentation and lysosome activity of 

macrophages 

3) Promotes Th1 cells differentiation by up-regulating T-bet84 

4) Up-regulates PD-L1 expression106 

IL-2 

CD4 T cell 

CD8 T cell 

1) Clonal expansion of effector T cells 

2) Activates killer T cell and NK cells 

3) Cell-mediated tumour death 

Signal release of secondary cytokines; IL-1, TNF and IFN-γ 

IL-17A and IL-17F Th17 Promotes tumour growth, angiogenesis and metastasis107 

IL-4 Th2 Th2 and B cell differentiation 

IL-12108 

Produce by many 
immune cells; DC, 

macrophages, 
monocytes, 
neutrophils 

B cell, Treg and Th1 differentiation 

GM-CSF Secreted by CRC 
(30%)109 

1) Promotes massive accumulation of dendritic cells at the 

injection site, which engulf, process, and present tumour 

antigens to activate tumour-specific T cells110 

2) Conflicting reports whether tumour promoting/suppression 
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Tumour Infiltrating Lymphocytes Predict Long-term Outcomes in 

Colorectal Cancer  

 

In 1995, Birkeland et al. demonstrated a correlation of 2- to 5-fold increased risk of colon, 

larynx, lung and bladder cancer in immunosuppressed renal transplant patients.111 This 

indicated a competent immune system is required to regulate suppression of solid 

tumours. Subsequently Schreiber et al. proposed the rule of “3E”, an interplay between 

the host immune system against solid tumours. The 3E represents: elimination, the first 

step during which the immune cells eradicate nascent tumour cells; equilibrium, stating 

the immune cells ability to control tumour expansion and metastasis and finally; escape, 

in which the tumour cells have developed resistance to the host’s immune system and 

are therefore allowed to proliferate unchecked.112 

 

A discovery by House et al. in 1979 showed TILs in colorectal cancer, or patients serum 

that did not contain a factor that inhibits leucocyte migration, has a far superior survival 

outcome.113 Subsequently, in a landmark study by Galon et al., embarked on an extensive 

characterization of the adaptive immune cells for human colorectal cancer.114 A series of 

genomic sequencing and validation by immunohistochemistry staining of CD3+, CD8+, 

memory (CD45RO) T cells and Granzyme B, on 75 and 415 patient samples respectively, 

were undertaken. They found the density of these immune infiltrates, and their location 

(invasive margin or/and centre of tumour), correlates significantly with a positive 

survival outcome.114 This was further refined to just two markers, CD3+ and CD8+ T cells 
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and termed “immunoscore” – an immune predictive marker that was shown to be 

superior to TNM staging. This has led to the establishment of a worldwide, multicentre 

taskforce to evaluate the incorporation of immunoscore to the current TNM staging.115 

 

Predictive and Prognostic Markers in Colorectal Cancer 

 

The TNM classification has been the key prognostic stratification in colorectal cancer, 

a clinically objective measure to evaluate and predict the course of disease. This aids the 

clinicians’ decision making to advocate the most appropriate course of treatment. In the 

setting of rectal cancer, the degree of tumour invasion and/or lymph node positivity (as 

shown in Table 5) dictates the need for neoadjuvant CRT whereas the number of lymph 

node involvement (indicating poorer prognosis) will dictate the requirement for 

adjuvant chemotherapy to reduce the rate of recurrence.116  

 

Current evidence has alluded that clinical outcome can vary significantly in patients 

with the same TNM stage. Incorporating immune markers into the traditional TNM 

(TNM-I) stage, may enhance its prognostic power. This may better facilitate the clinical 

decision-making and identify the most appropriate patients that may benefit from 

neoadjuvant and adjuvant treatment.117 However the utility of immune markers as a 

predictor for response to neoadjuvant CRT has not reached high clinical fidelity. 
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The lack of clinical accuracy in predicting neoadjuvant CRT response is evident from 

the six studies shown in Table 6117-122; three studies assessed pre- and post-treatment 

samples, two studies on pre-treatment samples and one study on just post-treatment 

tissue. All the studies agreed, high CD3+ and/or CD8+ T cells from the adaptive immune 

response were significantly associated with pCR, and the frequency of TILs was 

enhanced after neoadjuvant CRT.117,119-122 Moreover, the predictive accuracy for pCR was 

increased when the ratio of CD8+ to FoxP3 count was higher,121 suggesting a significant 

increase in CD8+ cells, predominates over the immunosuppressive effect of T regulatory 

cells. Similar predictive power was identified by McCoy et al., in which low T regulatory 

cells not only correlated with better TRG, but also DFS and OS.118 This was consistent 

with a review by Haikerwal et al., which concluded that the immunosuppressive effects 

by T regulatory cell is a delayed event, consistent with its role as a regulator of 

inflammatory resolution.123 However there were several limitations that impede the 

accuracy for predicting pCR. 

 

First, the cut-off values for stratifying patients to high- and low-density TILs were 

different in each study, and requires pre-determination in a new institution, which 

Galon et al. demonstrated during the initial creation of Immunoscore.114 Second, is the 

dichotomization of outcomes, between good and poor response, therefore not 

specifically answering the accuracy in predicting response to therapy in individual 

patient. Third, is the observation that a subset of patients with high TIL density had 

poor response. This indicates a biological deterrent preventing TILs from eliminating 

tumour cells during neoadjuvant CRT. Therefore, measuring the function of T cell 
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killing maybe paramount in increasing the accuracy of predicting response to 

neoadjuvant CRT. 
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Table 5: TNM staging for colorectal cancer 

STAGE 

T stage 

Definitions 
Management for 

LARC 

T0 No evidence of primary tumour No treatment 

Tis Carcinoma in situ: intraepithelial or invasion of lamina propria Local excision 

T1 Tumour invades submucosa 

Immediate surgery 

T2 Tumour invades muscularis propria  

T3 Tumour invades muscularis propria into pericolorectal tissues 

Neoadjuvant CRT 

followed by surgery 

T4a Tumour penetrates to the surface of the visceral peritoneum 

T4b 
Tumour directly invades or is adherent to other organs or 

structures 

N stage 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in 1-3 regional lymph node 

N2 Metastasis in 4 or more regional lymph node 

M stage  

M0 No distant metastasis 
Depends on tumour 

resectability 
M1 Distant metastasis 
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Table 6: Six locally advanced rectal cancer studies included into the final review with study design, number of patients, type of specimen 
for immunohistochemistry, treatment regime and number of patients with pCR  

Rx – treatment, NACRT – neoadjuvant chemoradiotherapy, LCCRT – Long Course Chemoradiotherapy, SCCRT – Short Course Chemoradiotherapy, CRT – 
Chemoradiotherapy, RT – Radiotherapy, CT – Chemotherapy, n – number, pCR – pathological complete response, cCR – clinical complete response, N/A – not 
available, TRG – tumour regression grade, DFS – disease-free survival, OS – overall survival 

Authors 
Year 

Study 
recruitment 

Study 
centre 

Specimen 
NACRT 

Time 
to 

surgery 
n pCR cCR 

Immune 
subset 

Quantification Outcome 
Median f/u 
(months) 

Summary results 

Posselt 
2016 

2006-2016 
Single, 

Germany 

Pre- and 

post-Rx LCCRT 56 days 202 10 N/A 
CD8, 
FoxP3 

Median value OS 43.2 

• Pre-treatment biopsy: FoxP3 3.5x and 2x higher 
than CD8 in stroma and IE compartment 
respectively 

• Post-treatment resected specimen; FoxP3 count 
declined to similar levels to CD8 or lower 

• Pre-treatment high FoxP3 correlated with good 
OS but not post-treatment, and CD8 showed no 
survival advantage 

McCoy 
2015 

2006 to 2010 
Single, 

Australia 

Post-Rx 
LCCRT 

6-8 
weeks 

128 26 N/A 

CD3, 
CD4, 
CD8, 

FoxP3, 
IL-17 

Median value 
Dworak's 

TRG, DFS, 
CSS 

76 
• TRG for post-treatment: low FoxP3 in stroma 

associated with pCR 

• Low FoxP3 was associated with CSS and DFS 

Teng 
2015 

NR 
Single, 
China 

Pre- and 

post-Rx 
RT, CT, 
LCCRT 

45.1+/-
5.4 days 

136   CD3,CD8 Mean value 
Dworak's 

TRG, DFS, 
OS 

57 

• After any neoadjuvant therapy, the CD3 and 
CD8 densities were higher than pre-treatment 
biopsy sample 

• High densities of CD3 and CD8 in pre-treatment 
biopsy was associated with good TRG ≥ 3, DFS, 
OS 

Anitei 
2014 

1987 to 2004 
 

Single, 
France 

Pre-Rx 
NACRT N/A 111 N/A N/A 

CD3, 
CD8 

Mean value 
TRG, DFS, 

OS 
74 

• High densities of CD3 and CD8 correlated with 
good DFS and OS  

 2007 to 2012  
 Immediate 

surgery 
NR 55 4      

• High densities of CD3 and CD8 in pre-treatment 
biopsy correlated with good TRG 

Lim 2014 1998 to 2007 
Single, 

Australia 

Pre- and 

post-Rx 
LCCRT 
SCCRT 

6-8 
weeks 

52 1 N/A 
CD3, 

CD8, NK 
cells 

Median value 
Mandard's 
TRG, DFS 

38.4 
• High densities of CD8 and NK cells in post-

treatment biopsy was associated with better 
TRG (1-2) 

Shinto 
2014 

2001 to 2007 
Single, 
Japan 

Pre- and 

post-Rx SCCRT 
31.1+/-

6.4 
days* 

93 3 N/A 
CD8, 
FoxP3 

Median value 
Dworak's 

TRG, DFS, 
CSS 

55.1 months 

• High CD8/FoxP3 ratio and CD8 densities in 
intra-epithelial region correlated with good TRG 
in pre-treatment biopsy 

• High CD8 densities in stroma correlated with 
good TRG in post-treatment biopsy 

• High CD8 densities in stroma in post-treatment 
biopsy was associated with good DFS and CSS 

Yasuda 
2011 

2005 to 2009 
Single, 
Japan 

Pre-Rx 50.4 Gy 
5-FU 

6-8 
weeks 

46 6 2 
CD4, 
CD8 

NR TRG NR 
• Density of CD8 was an independent prognostic 

factor for pCR 
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Measuring the Function of Cytotoxic T Cells 

 

The Development, Trafficking and Expression Profile of Effector Cytotoxic T Cells 

 

Once a naïve cytotoxic T cell completes its maturation in the thymus, it will return to 

the blood circulation and reside in secondary lymphoid tissue such as the spleen, lymph 

nodes, appendix and Peyer’s patches in the colon. Upon encountering tumour-

associated antigen via APC presentation, activated cytotoxic T cells will undergo rapid 

expansion, producing up to 10,000 effector cytotoxic T cells.124 These effector cytotoxic 

T cells are capable of tumour lysis and cytokine production, but have a short life-span, 

with 90-95% undergoing apoptosis following peak expansion phase.124 The rest (5-10%) 

will survive to become memory cytotoxic T cells, and as these cells transition from naïve 

to effector to memory, so does their overall gene expression profile.125 

 

The most consistently reported expression profiles for effector cytotoxic T cells are 

upregulation of CD69 in the early phase, CD25 and CD71 mid phase, and HLA-DR at a 

later phase of activation, while CD62L and CCR7 are downregulated.126,127 However to 

differentiate between naïve versus memory T cells will depend on the expression profile 

of CCR7 and CD45RA; naïve – CCR7+/CD45RA+, central memory – CCR7+/CD45RA- 

and effector memory – CCR7-/CD45RA-.128 The difference in expression profile is due to 

different trafficking sites; central memory T cells migrate efficiency to the lymph nodes 

using a combination of L-selectin (an adhesion molecule) and CCR7 (a chemokine 
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receptors whereas effector memory T cells will migrate to colonic mucosa.129 Hence 

there is a spectrum of T cell differentiation, recognised by their expression profile as 

well as tissue localisation as depicted in Figure 1.  

  

  

Figure 1: Differentiation expression profile for naïve and memory cytotoxic T cells. 
Illustration taken from Sallusto et al.128 
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T Cell Exhaustion from Chronic Tumour Stimulation 

 

It is now known that under chronic antigen stimulation, effector cytotoxic T cells can 

become functionally inept and incapable of tumour lysis. This is known as T cell 

exhaustion and, despite the exhausted phenotype, these cytotoxic T cells continued to 

display high levels of CD43 and CD69, but low levels of CD62L and CD127; a typical 

expression profile of effector cytotoxic T cell.130 T cell exhaustion can be due to a variety 

of inhibitory effects within the tumour microenvironment. It occurs in a progressive 

manner and is difficult to measure, with loss of IL-2, followed by TNF-α and finally IFN-

γ production.131 

 

A number of inhibitory T cell receptors have been elucidated, such as Programmed 

Death-1 (PD-1), Cytotoxic T Lymphocyte antigen 4 (CTLA-4), T cell Immunoglobulin 

Mucin-3 (TIM-3) and Lymphocyte Activation Gene-3 (LAG-3). These receptors reflect a 

spectrum of T cell response and are not exclusively known as exhaustion markers. 

Studies have demonstrated that, during the initial phase of T cell activation, there is 

upregulation of PD-1 followed by TIM-3 (a transient phenomenon) and when antigenic 

stimulation is removed, these markers will be downregulated. 132,133 At the other end of 

spectrum, patients with an advanced tumour will co-express PD-1 and TIM-3, exhibiting 

high level of dysfunction.132,134 Therefore these markers represent a spectrum of T cell 

activation, ranging from an initial phase to the terminally exhausted phenotype.  
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Modalities Assessing Function of Cytotoxic T Cells 

 

Current clinical modalities assessing function of cytotoxic T cells rely on detection of 

tumour promoting immune cells (T regulatory or myeloid-derived suppressor cells), 

activation and/or inhibitory markers or secretion of cytokines. These markers can be 

measured by a number of techniques such as chromogenic immunohistochemistry 

(IHC), multispectral fluorescence IHC and flow cytometry.114,135-137 

 

Chromogenic Immunohistochemistry  

 

Immunohistochemistry staining describes the process of specific antigen detection in 

cells from a paraffin-blocked tissue section. This method utilises the principle of 

antibody binding to an antigen,138 and is commonly used to determine the immune 

phenotypes and specific activation/exhaustion markers in solid tumours.139 However it’s 

utility has been limited by a lack of accuracy in assessing the function of cytotoxic T 

cells as previously alluded.140  

 

Multispectral Fluorescence Immunohistochemistry 

 

Multispectral fluorescence immunohistochemistry is a new platform, which allows 

simultaneous staining of multiple markers within a single tissue section. The initial step 
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is similar to a traditional immunohistochemistry stain, utilising primary and secondary 

antibodies binding to a specific protein marker of interest, with the addition of a 

fluorophore-conjugated tyramide signal amplification reagent. The fluorophore, which 

emits fluorescence visible under a specialised microscope, will be deposited at the site 

of antigen after which primary and secondary antibodies can be removed by microwave 

treatment. The process is repeated for subsequent biomarker, with a maximum number 

of eight stains with each tissue section. The strength of counter staining is the ability to 

acquire all the information from a single slide instead of multiple slides (single stains), 

which can be lost during serial sectioning of the tissue specimen.  

 

 

Figure 2: Step by step process for multispectral fluorescence immunohistochemistry. 
Illustration is taken from Cell Signalling Technology Brochure  
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Flow Cytometry 

 

Similarly, flow cytometry is a methodology utilising laser- or impedance-based 

technology to detect specific biomarkers by suspending cells in a stream of fluid and 

passing them through an electronic detector. It is commonly used for haematological 

malignancy and has recently been translated to assessing colorectal cancer TILs.135 The 

advantage of flow cytometry is the ability to quantitate different cell types in whole 

tissue specimens including tumour cells, immune cells, fibroblasts and other cell types 

with the associated expression profile for activation or inhibition markers.127 The 

analysis takes into account the whole tumour microenvironment, instead of a section 

of tissue sample, and is therefore a better representation of the whole tumour. 
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The Need for New Therapeutic Options for Locally Advanced Rectal 

Cancer 

 

The treatment advances for rectal cancer appear to have reached its ceiling, with no 

recent evidence demonstrating a reliable means of improving pCR rate. Targeted 

inhibitors such as anti-epithelial growth factor receptor and anti-vascular endothelial 

growth factor, showed great promise initially but larger studies concluded that these 

therapies do not increase the efficacy of neoadjuvant CRT.4 Other trials have attempted 

to improve tumour response rate by adding oxaliplatin to flurouracil and/or 

combination with bevacizumab.141,142 So far this has not been shown to make any 

difference.  

 

Immunotherapy by checkpoint inhibition (PD-1/PDL1 blockade) has been effective in 

multiple tumour types, including melanoma, lung cancer and renal cell cancer, but has 

not shown similar efficacy in colorectal cancer.143,144 However recently, Le et al. 

confirmed that a subset of microsatellite instability high (MSI-H) colorectal cancer 

patients responded significantly to PD-1 blockade compared to microsatellite stable 

tumours.145 The greater response rate was thought to be due to high number of somatic 

mutations (by 20-fold), leading to high tumour-associated antigens seen in MSI-H 

tumours.  
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A similar concept can be translated to radiation therapy, a known immune-modulator 

that promotes anti-tumour activity through the increased formation of tumour-

associated antigens. These will mount an immunological response by activating 

cytotoxic TILs.146,147 However, preclinical data suggest that tumour resistance to 

cytotoxic TILs occurs due to an increase in PD-1/PD-L1 expression. The suppressive 

effect on TILs can be reversed using PD-1/PD-L1 blockade.148,149 Furthermore it has also 

been shown in preclinical models that the timing of PD-1/PD-L1 blockade is crucial in 

stimulating cytotoxic T cell response.149 PD-1 expression on cytotoxic T cells was 

upregulated within the first 24 hours of radiotherapy and peaked at 72 hours. PD-1 

expression seems to decrease after 7 days but was sustained at a relatively high level 

thereafter. Thus, when a check-point inhibitor was introduced between week 1 to 3, no 

benefit was seen. The authors observed that the optimal time to introduce PD-1 or PD-

L1 blockade is within 7 days of initiating radiotherapy.149 This provides the opportunity 

to explore immunotherapy as a new therapeutic modality to improve response rate in 

locally advanced rectal cancer. 

 

The aim of improving the proportion of patients who achieve a pCR is of great interest 

given the improved DFS and OS for this cohort. While altering the dose and regimen of 

CRT does afford some improvement, most patients still fail to achieve a pCR, 

necessitating the search for a new therapeutic avenue. Moreover, in previous melanoma 

studies, the prediction of response to check-point inhibition was estimated to be 

approximately 20%.144,150 Furthermore, current available pre-clinical models for the 

exploration on new immunotherapies rely on mouse models.151 Although useful in 
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demonstrating the mechanism of therapeutic efficacy and resistance, it does not provide 

patient specific evaluation of failed therapies. 

 

Consequently, it is paramount to develop a novel patient specific assay that is able to 

screen immunotherapeutic agents such as check-point inhibitors, targeted-small 

molecule antibody, cancer vaccination or adoptive T cell therapy in a high-throughput 

manner. To the best of my knowledge, there is currently no human in vitro assay or test 

that can predict response to immunotherapy for an individual patient. 
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Summary 

 

The treatment paradigm of neoadjuvant CRT followed by TME for locally-advanced 

rectal cancers has been challenged recently with the potential for a rectal preservation 

(“watch and wait”) approach. However investigative modalities do not have sufficient 

accuracy to alter the present treatment algorithm and there is a real risk of local tumour 

regrowth rate of 30.8%. Furthermore, there is mounting evidence identifying CD8+ T 

cell levels as the key arbiter of good prognosis and response to neoadjuvant CRT, but 

there remains a deficiency in the ability to test the function of CD8+ T cells.  

 

Therefore, there is a clinical need to identify a robust biomarker that can tailor a 

patient’s response to neoadjuvant CRT, and one potential solution is to develop a 

patient specific assay that can measure CD8+ T cell function in individual patients. This 

assay may also potentially stratify patients to immunotherapy, providing an alternative 

treatment pathway for patients that have failed to respond to current chemotherapeutic 

regimen.    
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Hypotheses 

 

The first hypothesis is that the function of individual patient CD8+ T cells can predict 

response to neoadjuvant CRT before surgery with high fidelity. 

 

The second hypothesis is that a high-throughput immunotherapeutic drug screen can 

be developed through a novel patient-matched TILs-organoid assay. 
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Aims 

 

1. To confirm that pathological complete response correlates with good long-term 

survival for locally advanced rectal cancer 

2. To identify the key predictors of pathological complete response using tumour 

infiltrating lymphocyte subsets in primary and metastatic colorectal cancer 

3. To determine the accuracy of multispectral fluorescence immunohistochemistry 

for predicting response to neoadjuvant CRT 

4. To develop a functional immune cytotoxic assay from patient-matched TILs and 

rectal cancer organoids 

5. To explore the utility of a patient-matched TILs-organoid assay for 

immunotherapeutic drug screening 
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Chapter 2 Prognostic Value of Tumour Regression Grade in 

Locally Advanced Rectal Cancer: A Systematic Review and Meta-

analysis 

 

Introduction  

 

Colorectal cancer is the fourth leading cause of cancer-related death worldwide, with a 

third of these tumours located in the rectum.152 The current standard of care for locally 

advanced rectal cancer is preoperative CRT followed by TME, particularly where the 

fascia propria is threatened.10 The benefits of preoperative CRT are well described, 

including an increase in the radiation effect.  This is due to preservation of the local 

blood supply resulting in improved tissue oxygenation, thereby increasing radiation 

sensitivity, whilst minimising toxicity. The impact of this approach is tumour down-

staging and to reduce the local recurrence rate. A pCR, is confirmed where no residual 

tumour is identified in previously irradiated tumour bed.5 

 

It is well documented that there is a spectrum of response to neoadjuvant CRT; 10-25% 

will have a pCR, and an estimated 20% will have no response or tumour progression 

during treatment.13-15 Consequently, there has been a significant shift in focus towards 

predicting and improving the rate of attaining a pCR, given this subset have a better 5-

year DFS and overall survival OS compared to non-pCR tumours.153 This subset of 
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patients may also potentially avoid radical surgery (“watch and wait” approach), and the 

safe adoption of this management algorithm has been of great research interest.27,28  

 

There is ongoing debate and conflicting data regarding the significance of pCR when 

compared to partial or non-responding tumours.20,21,23 The limitations of these studies 

include their small sample size and absence of a standardized definition for TRG.15,25,26 

Moreover the majority of studies compare pCR to non-pCR (grouping partial and no 

response together).13,16,24 To date, there has only been one systematic review assessing 

specifically partial response tumours and its effect on outcome, published in 2012.154 

Included in that study were 1521 patients from 11 studies, and since then there have been 

eight new publications.154 Given the increasing body of evidence since this review, there 

is a genuine need to evaluate the prognostic significance of not only partial response 

but also complete and non-responding tumours. 

 

For this reason, a meta-analysis was undertaken to determine the correlation of 

different levels of TRG (pCR, partial and non-response tumours) with long-term survival 

outcomes. Simultaneously the prognostic significance of other tumour reporting 

characteristics; such as ypN, lymphovascular invasion (LVI) or perineural invasion (PNI) 

after neoadjuvant CRT were assessed. 

  



80 

 

Methods 

 

Search strategy and selection criteria 

 

A systematic review and meta-analysis were performed in accordance with the PRISMA 

guidelines. The first step involved a comprehensive English literature search of all 

relevant studies in Ovid Medline, Embase and Google Scholar from January 1990 to 

December 2016. Two reviewers (JCK and GRG) performed the search and data extraction 

independently.  Any discrepancy in the inclusion of a study or in data collection was 

independently reviewed by AGH. The search strategy can be found in Appendix A (for 

Ovid Medline and Embase) and the following keywords were used in combination; 

rectal cancer, neoplasm, complete response, TRG, neoadjuvant therapy, and 

chemoradiotherapy.  

 

The inclusion criteria were pCR confirmed through histological examination of the 

resected specimen and comparison of pCR with partial and/or non-responding 

tumours. Studies were excluded if; there were less than 30 participants; authors 

included Stage IV patients; the study’s main aim was to assess new neoadjuvant agents 

without relevant comparisons required for this study; short course radiotherapy (5x5 

Gy); long course radiotherapy alone and those without long-term outcomes or an 

estimated risk ratio over time. 
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Data extraction 

 

A dataset consisting of agreed criteria was used in an electronic format to ensure all 

pertinent information was collected. This included author, year of publication, study 

period, number of centres, country of recruitment, study design, multivariate analysis 

adjustments, definition of each TRG, comparison undertaken in each study, number of 

participants, neoadjuvant and adjuvant treatment, pathology after treatment (ypN, LVI 

and PNI), time interval from cessation of chemoradiotherapy to surgery, covariates and 

time-to-event outcomes associated with survival data and long-term outcomes (DFS 

and OS). 

 

Data analysis 

 

In each study, time-to-event DFS and OS were extracted directly or indirectly as hazard 

ratios (HR) with a 95% confidence interval.155 Local tumour response was categorised 

as; 1) pCR; defined as no viable tumour identified in the resected specimen, 2) partial 

response; defined as Dworak TRG 1-3, Mandard TRG 2-4, and institution based partial 

response 156 and 3) no response; Dworak TRG 0, Mandard’s TRG5 and institution based 

no response. 
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Figure 3: Flow diagram of search strategy 

  

Full text screen review 

n = 58 

Total number of studies included for 
meta-analysis 

n = 17 

Additional studies for full text review from the 

initial review 

n = 16 

 Total full text review 

n = 67 

Studies excluded n = 50;  

14 – Assessing safety and efficacy of novel 

neoadjuvant CRT modality 

9 – No or unrelated comparison to this study 

8 – No estimated risk ratio over time 

5 – Assessing the time interval from completing 

neoadjuvant CRT to surgery 

5 – Assessing effects of neoadjuvant CRT and 

surgical/medical complications 

2 – Non-operative management of locally 

advanced rectal cancer after neoadjuvant CRT 

1 each – patients<30, trial design and rational, 

patterns of failure 

4 – Others  

Studies identified for abstract review from 

search between Jan 1990 to Oct 2016 

n = 579 
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Multivariate regression hazard ratios were obtained if reported by the authors, 

otherwise univariate results were used; in which one study correlated pCR with DFS15, 

and two studies correlated tumour distance from AV with outcomes. 23,24,157 Cox 

regression analysis for ypN, LVI and PNI were analysed as binary variables in all the 

included studies. 

 

A pooled hazard ratio was calculated using a random-effect model because of study 

heterogeneity observed in some of the key covariates.158 This model is an extension of a 

Bayesian meta-analysis, with the addition of a model fit using importance sampling and 

a likelihood-based approach.158 Inter-study heterogeneity assessment was performed 

using I2 statistic and can be interpreted as; 0-30% – minimal, 30-60% – moderate, 60-

90% – substantial and 90-100% – considerable heterogeneity. The Newcastle-Ottawa 

scale was used to assess the quality of each study and a score of ≥6 represents good 

quality.  

 

All statistical analyses were performed on IBM SPSS version 22 and RStudio version 

0.99.486. A p-value <0.05 was considered significant. 
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Results 

 

A total of 579 titles and abstracts were screened, with 58 studies selected for full text 

review, and a further 9 added after scanning the associated reference lists. Seventeen 

studies met the inclusion and exclusion criteria, with an overall patient number of 4785, 

in which 15.9% had pCR and 84.1% non-pCR (shown in Table 7). 13-19,21-25,157,159-162 There 

were twelve retrospective studies13,16-18,21,23,25,157,159-162 four prospective observational 

studies14,15,22,24 and one randomised controlled trial19 comparing pre- against post-

operative chemoradiotherapy. All studies were assessed for quality and 15 studies had 

scored > 6 stars using the Newcastle-Ottawa Scale; consequently, these were deemed of 

good quality.  

 

All study participants had long-course neoadjuvant CRT, which included radiotherapy 

(45-50.4 Gy) and 5-fluorouracil (5-FU) as a radiosensitising agent (as shown in Table 8). 

The interval time to surgery was >4 weeks, with the majority of surgeons performing a 

TME between 6-8 weeks post-neoadjuvant CRT. The shortest median follow-up was 

reported by Losi et al., at 35.3 months.162 The use of adjuvant chemotherapy was another 

confounding factor identified in 12 studies. However it did not affect DFS and/or OS in 

univariate or multivariate analysis across all studies.14,15,19,21,22,24,25,157,159,161-163 

 

The overall local recurrence rate was 6.3% (285 patients) and distant recurrence was 

20.7% (943 patients). In studies that reported on baseline characteristics between pCR 
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and non-pCR, differences were seen in clinical T stage but not age, clinical N stage or 

tumour height from the anal verge. Local and distant recurrence was significantly higher 

in tumours which did not achieve pCR compared to those that did; 6.4% vs 1.8% and 

25.3% vs 6.8% (p-value<0.001) respectively (see Table 9).  

 

For both DFS and OS, only those with pCR or partial response had good prognostic 

outcomes. Therefore, pCR for DFS and OS, the estimated pooled HR was 0.35 (95%CI 

0.20-0.63, p-value=0.002) and 0.43 (95%CI 0.17-0.69, p-value=0.001) respectively 

whereas partial response, the estimated pooled HR was 0.51 (95%CI 0.34-0.76, p-

value<0.001) and 0.58 (95%CI 0.04-1.11, p-value=0.035) respectively. Significant 

heterogeneity was seen in the pooled HR for pCR (I2=91.3%, p-value<0.001) for DFS 

whereas the rest of the analysis had minimal to moderate differences, which were not 

significant. The positive prognostic association of pathological response in DFS 

conferred 5-year DFS of 90.3% (pCR), 76.4% (partial) and 60.4% (no response) and 5-

year OS of 91.9%, 86.1% and 77.3% respectively. 

 

As for the three additional covariates, ypN, LVI and PNI that were added into the 

analysis, only ypN had statistically significant association as a predictor for long-term 

outcomes; with an estimated pooled HR for DFS of 2.12 (95%CI 1.36-3.29, p-value<0.001) 

and for OS of 1.65 (95%CI 1.03-2.64, p-value=0.036).  



86 

 

Table 7: Study design, number of centres, country, multivariate adjustments and definitions of pCR 

Author and 
Year 

Study 
Period 

No. of 
centres and 

country 
Study Design Multivariate adjustments Definition pCR Comparison 

De Felice 
201624 

2007 to 2014 1, Italy 
Prospective 

observational study 

Age, sex, tumour; diameter, distant 
from AV, stage; ITS, NACRT and 

interruption of Rx 

Absence of residual tumour in the 
operative specimen, including mesorectal 

fat and LNs 
non-pCR 

Wilkins 
201616 

2010 to 2014 2, Australia 
Retrospective study 
from prospectively 

maintained database 

Age, sex, tumour; distance from AV, 
depth of invasion, stage, neoadjuvant 

Rx 

Absence of detectable viable tumour cells 
in the specimen 

non-pCR 

McCoy 201517 2006 to 2013 1, Australia 
Retrospective study 
from prospectively 
maintained dtabase 

Age, sex, tumour; stage, LVI, PNI, 
EMVI, type of operation 

Dworak System Grade 4 Dworak 

Wasmuth 
201513 

2000 to 2009 
36-56, 

Norwegian 

Retrospective study 
from prospectively 

maintained database 

Age, tumour; stage, operative 
procedure 

No viable tumour identified non-pCR 

Fokas 201419 1995 to 2002 26, Germany 
Randomised control 

trial 
Age, sex, tumour; height, stage, Dworak System Grade 4 Dworak 

Abdul-Jalil 
201321 

2000 to 2010 1, Ireland 
Retrospective 

observational study 
Age, sex, tumour; stage, height, 

operative procedure, NACRT 
RCPath RCPath 

Agarwal 
2013157 

2000 to 2008 1, USA 
Retrospective 

observational study 

Age, sex, tumour; distance from AV, 
stage, PNI, LVI, adjuvant 

chemotherapy, surgical margin 
No residual cancer cells 

Institution based 
TRG 

Santos 
2013159 

2003 to 2011 1, Portugal 
Retrospective study 
from prospectively 

maintained database 

Age, sex, tumour; stage, distance from 
AV, surgical procedure 

Mandard 1 
Poor response 
(Mandard 3-5) 

Park 2012160 1993 to 2008 1, USA 
Retrospective 

observational study 

Age, sex, tumour; distance from AV, 
stage, PNI, LVI, adjuvant 

chemotherapy, 

Specimens with acellular mucin pools 
without viable tumour cells 

Institution based 
TRG 

De Campos-
Lobato 201118 

1997 to 2007 1, USA 
Retrospective study 
from prospectively 

maintained database 

Age, sex, BMI, ASA, tumour; 
differentiation, distance from AV, 
margins, stage, neoadjuvant and 

adjuvant Rx 

Absence of viable adenocarcinoma cells in 
the surgical specimen 

non-pCR 

Topova 201125 1997 to 2009 1, Germany 
Retrospective study 
from prospectively 

maintained database 

Tumour; stage, LVI, venous invasion, 
neoadjuvant and adjuvant Rx 

Dworak System Grade 4 Dworak 

Hong 201014 2004 to 2005 1, Korea 
Prospective 

observational study 
Tumour stage Dworak Grade 4 Dworak 

Kim 2010163 2001 to 2006 1, Korea 
Retrospective 

observational study 

Age, sex, tumour; stage, distance from 
AV, CEA, CRM, neoadjuvant and 

adjuvant Rx 
Dworak Grade 4 Dworak 
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Losi 2006162 1998 to 2004 1, Italy 
Retrospective 

observational study 
Tumour; stage, down staging, adjuvant 

Rx 
Dworak Grade 4 

Poor response 
(Dworak 0-2) 

Shivnani 
200723 

1992 to 2002 1, USA 
Retrospective 

observational study 
Age, tumour; stage, location No residual tumour identified (ypT0) non-pCR 

Chan 200522 1993 to 2000 1, Canada 
Prospective 

observational study 
Tumour stage, fixed or tethered, LNI No viable tumour identified non-pCR 

Ruo 200215 1987 to 1983 1, USA 
Prospective 

observational study 
Age, sex, tumour stage No viable tumour identified 

Institution based 
TRG 

AV – anal verge, ITS – interval time to surgery, NACRT – neoadjuvant CRT, Rx – treatment, LVI – lymphovascular invasion, PNI – perineural invasion, EMVI – extramural venous 

invasion, CRM – circumferential resection margin, LN – lymph node, CEA – carcinoembryonic antigen, BMI – body mass index, ASA – American society of anaesthesiologist  
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Table 8: Patient neoadjuvant and adjuvant treatment regimens, treatment response and number of patients with local and distant 
recurrence 

Author 
and Year 

Total 
patient

s 

Media
n age 

95%CI 
NRT 
(Gy) 

NCT 
ITS 

(weeks
) 

Adjuvant Rx 
No. adj 

Rx 
Median 

f/u  
pCR 
(%) 

PR 
(%) 

No 
response 

(%) 
non-pCR 

LR 
(%) 

DR 
(%) 

De Felice 
201624 

100 64 38-76 50.4/54 5-FU and OX 7-9 Yes, NR NA 60 § 
24 

(24) 
NA NA 76 (76) 9 23 

Wilkins 
201616 

108 61.2ƚ NA NA NA 4-14 NA NA 36.9 
26 

(24.1) 
NA NA 92 (75.9) 1 23 

McCoy 
201517 

205 62ƚ NA 50.4 5-FU or CP 6-8 NA NA 60.2 
46 

(22.4) 
159 

(77.6) 
0 159 (77.6) 6 33 

Wasmuth 
201513 

1531 63ƚ 31-84 50 5-FU 6-8 NA NA 60 
147 

(9.6) 
NA NA 

1384 
(90.4) 

86 340 

Fokas 
201419 

385 NA NA 50.4 5-FU 6 5-FU NA 132 
40 

(10.4) 
254 
(66) 

91 (23.6) 
345 

(89.6) 
22 119 

Abdul-Jalil 
201321 

153 64ƚ 24-79 45/50.4 5-FU 6-8 5-FU 122 36 
36 

(23.5) 
NA NA 117 (76.5) 4 30 

Agarwal 
2013157 

251 55 NA 50.4 5-FU or CP 6-8 
5-FU or 

CP/OX/IT/ 
bevacizumab 

222 65-76 
53 

(21.1) 
143 
(57) 

55 (21.9) 198 (78.9) NA NA 

Santos 
2013159 

139 NA NA 50.4 5-FU 8 5-FU+/-OX NA 56 § 
25 

(18) 
NA NA 114 (82) 6 22 

Park 2012160 725 57 48-66 50.4 5-FU or CP 6-8 
5-FU or CP/OX 
bevacizumab 

611 65 
131 

(18.1) 
211 

(29.1) 
384 (52.7) 595 (81.9) 39 133 

De 
Campos-
Lobato 
201118 

238 54ƚ 45-62 50.4 5-FU or CP 4-8 NA 107 55 
58 

(24.4) 
NA NA 180 (75.6) 39 24 

Topova 
201125 

174 65 37-84 50.4 
5-FU or CP 

+/- OX 
6 

5-FU or CP +/- 
OX 

81 45 
37 

(21.3) 
134 
(77) 

3 (1.7) 137 (78.7) 9 27 

Hong 
201014 

44 59 32-72 50.4 CP and IT 6-8 CP NA 59 11 (25) 
30 

(68.2) 
3 (6.8) 33 (75) 1 12 

Kim 2010163 420 58 27-83 50.4 
5-FU and 

LEU or  CP 
+/- IT 

6 
5-FU and LEU or 

CP +/- IT 
406 50.5 

58 
(13.8) 

289 
(68.8) 

73 (17.4) 362 (96.2) 43 90 

Losi 2006162 106 64 29-80 50 5-FU 6-8 5-FU and FA 106 35.3 
16 

(15.1) 
87 

(82.1) 
3 (2.8) 90 (84.9) 7 17 
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Shivnani 
200723 

100 61 24-86 50.4 5-FU 4-8 NA NA 52.4 
25 

(25) 
15 (15) 60 (60) 75 (75) 5 17 

Chan 
200522 

127 62 30-79 50 
5-FU, LEU 
and MMC 

9 5-U and LEU 99 60 
32 

(25.2) 
48 

(37.8) 
47 (37) 95 (74.8) 8 33 

Ruo 200215 69 57 24-79 50.4 
5-FU and 

LEU 
4-7 5-FU NA NA 

10 
(14.5) 

59 
(85.5) 

0 59 (85.5) NA NA 

Total 4875         775 
(15.9) 

1429  719 (29.9) 4111 (84.1) 
285 

(6.3) 
943 

(20.7) 

ƚ mean follow-up for pCR only  

NA – not available, NRT – neoadjuvant radiotherapy, NCT – neoadjuvant chemotherapy, ITS – interval time from completion of treatment to surgery, adj – 

adjuvant, pCR – pathological complete response, PR – partial response, LR – local recurrence, DR – distant recurrence, OX –oxaliplatin, CP – capecitabine, 5-FU 

– 5-fluorouracil, IT – irinotecan, LEU – leucovorin, MMC – mytomycin, FA – folinic acid 
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Table 9: Clinical staging tumour characteristics 

Variable (No. of studies) pCR non-pCR p-value # 

Sex (8)13,16-19,21,157,160    

Male 334 (15) 1894 (85)  

Female 203 (16.5) 1028 (83.5) 0.244 
    

Stage    

T (7)13,16-19,21,157    

2 26 (41.3) 37 (58.7)  

3 267 (17.7) 1242 (82.3)  

4 45 (10) 407 (90) <0.001 
    

N (6)16-19,21,157    

Negative 106 (20.2) 419 (79.8)  

Positive 146 (19) 621 (81) 0.607 
    

Tumour height (5)16,17,21,157,160    

Low (<5) 127 (21.3) 468 (78.6)  

Mid (5-10) 108 (18.4) 481 (81.6)  

High (>10) 52 (22.2) 182 (77.8) 0.31 
    

Local recurrence (8) 13,16-19,23,162,163    
Yes 8 (1.8) 181 (6.4)  
No 450 (98.2) 2633 (93.6) <0.001 

    
Distant recurrence (6) 13,16,19,23,162,163    

Yes 26 (6.8) 618 (25.3)  
No 359 (93.2) 1826 (74.7) <0.001 

# Pearson chi-square or Fisher’s exact test was performed 
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Table 10: Pooled estimated hazard ratio for different tumour response grade 

Variable  
(No. of 

studies) 
Author 

Pooled 
HR 

95%CI 
p-

value 

I2 
statistics 

(%) 
p-value 

Disease Free Survival 

Pathological 
complete 

response (10) 

Wilkins 2016, 
McCoy 2015, Fokas 
2014, Santos 2013, 

De-Campos Lobato 
2013, Topova 2011, 
Losi 2006, Chan 
2005, Ruo 2005 

0.35 
0.20-
0.63 

0.002 91.3 <0.0001 

Partial 
response (6) 

McCoy 2015, 
Agarwal 2013, Park 
2012, Topova 2011, 
Hong 2010, Kim 

2010 

0.51 
0.34-
0.76 

<0.001 13.6 0.312 

Poor response 
(5) 

Abdul-Jalil 2013, 
Agarwal 2013, Park 
2012, Hong 2010, 

Kim 2010 

2.88 
0.73-
11.36 

0.52 0 0.92 

ypN - positive 
vs negative (9) 

McCoy 2015, Fokas 
2014, Abdul-Jalil 

2013, Argawal 2013, 
Topova 2011, Hong 

2010, Shivnani 
2007, Chan 2005, 

Ruo 2002 

2.12 
1.36-
3.29 

<0.001 0 0.469 

LVI (5) 

McCoy 2015, Fokas 
2014, Agarwal 2013, 

Park 2012, Chan 
2005 

1.35 
0.92-
1.95 

0.122 0 0.63 

PNI (3) 
McCoy 2015, 

Agarwal 2013, Park 
2012 

1.65 
0.84-
3.22 

0.140 54.6 0.111 

Overall Survival 

Pathological 
complete 

response (5) 

De Felice 2016, 
McCoy 2015, 

Wasmuth, 2015, 
Santos 2013, 
Topova 2011 

0.34 
0.13-
0.81 

0.033 35.3 0.186 

Partial 
response (2) 

McCoy 2015, 
Topova 2011 

0.55 
0.33-
0.95 

0.035 0 0.961 

Poor response 
(1) 

De Felice 2016 4.43 
0.02-
2.07 

0.19   

ypN - positive 
vs negative (3) 

De Felice 2016, 
McCoy 2015, 
Topova 2011 

1.65 
1.03-
2.64 

0.036 0 0.72 
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Table 11: 5-year DFS and OS from each study  

Author and Year pCR Partial responders Poor Responders 

 DFS (%) OS (%) DFS (%) OS (%) DFS (%) OS (%) 

De Felice 201624 95.7 95.7    70.4 

McCoy 201517 88.8 97.5   70 80 

Wasmuth 201513 81 87    67 

Fokas 201419 86  75    

Abdul-Jalil 201321 100 88 86  67  

Agarwal 2013157 95.5  87.3-69.1  61.8  

Park 2012160 90.5 93.4 78.7 87 58.5 77.3 

Topova 201125 96.6 100 72.2-64.7 83-80.1 33.3 33.3 

Hong 201014 90.9  87.5-62.5    

Kim 2010161 92.5  91-78  56  

Losi 2006162 100      

Shivnani 200723 89 91.3 77 79.5 75 79.5 

Chan 200522 97    60  

All studies 90.3 91.9 76.4 86.1 60.4 77.3 
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Discussion 

 

Amidst the rapid progression in research to develop reliable methods to identify pCR, 

this meta-analysis affirms that pCR and partial response correlates with good DFS and 

OS. This is clinically relevant, given the ever increasing interest in the “watch and wait” 

approach for those with a cCR,36 and the intensive search for new therapies to improve 

tumour response rates.145 This question is particularly important if tumour response is 

to be relied upon as a prognostic marker to direct clinical management away from the 

currently accepted doctrine in locally advanced rectal cancer. 

 

One of the potential confounding factors that will affect rectal tumour response rate is 

the waiting time from cessation of neoadjuvant CRT to surgery. There is supporting 

evidence from two recent meta-analyses showing a longer interval time to surgery 

(ideally 6 to 8 weeks) will yield a higher pCR rate than those who had surgery at 4 to 6 

weeks, with no added response rate beyond 9 weeks.164,165 Therefore, this may influence 

the current analysis as there were four (23.5%) of 17 studies which had reported a 

minimum time to surgery of four weeks.15,16,18,23  

  

In this study, we have included factors that may influence long-term outcomes such as 

tumour regression grade, ypN, ypLVI and ypPN. This is of importance as a way to stratify 

patients for adjuvant chemotherapy for locally advanced rectal cancer that have 

received neoadjuvant CRT. Consistent with other published data,166 estimated pooled 
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analysis showed ypN was associated with poor prognostic outcome whereas pCR and 

partial response corresponded with good DFS and OS. Hence, it has been suggested by 

Maas et al. in a large meta-analysis on pooled individual patient data that those with 

pCR, giving adjuvant chemotherapy does not confer any survival benefit.166 

 

In modern medicine, there has been a shift towards tailoring treatment to the 

individual, and this is gaining relevance in locally advanced rectal cancer where there is 

a heterogeneous response to neoadjuvant CRT. There has been renewed interest in 

advocating the “watch and wait” approach in a subset of patients with pCR.36 The idea 

of a rectal conserving approach was first popularised by Habr-Gama et al.,27 to avoid the 

associated morbidity related to surgery, which is in the order of 18-35%,167-169 with a 

mortality rate of 4-8%.170 

 

On the premise of avoiding risk related to surgery, the Oncology Outcomes after 

Clinical Complete Response in Patients with Rectal Cancer (OnCoRe), prospective 

observational trial of real-world clinical practice in cancer treatment centres across the 

United Kingdom demonstrated no compromise in 3-year OS and DFS.  This was 

reported as 96% and 88% (“watch and wait” group; HR 0.497, 95%CI 0.25-0.98, p-

value=0.043) respectively in comparison to 87% and 78% in the immediate surgery 

group.40 Similar findings were identified by Maas et al. and Smith et al., reporting no 

significant difference in 2-year OS (100% and 97%) and DFS (89% and 88) between 
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“watch and wait” and immediate surgery.28,171 These were however not prospective 

randomised trials, so can be biased.  

 

Although “watch and wait” is relevant in a subset of patients, it is not the primary goal 

as multidisciplinary care with all modalities including surgery has demonstrated 

excellent results. Quantification of the potential benefit of tumour response to long 

term survival supports the concept of developing and improving the current 

neoadjuvant regimen to improve response rate. Recent trials have attempted to improve 

tumour response rate by adding oxaliplatin to flurouracil and/or combination with 

bevacizumab.141,142 So far this has not been shown to make any difference.  

 

There are some limitations to our review. First, although the pooled analysis showed 

convincing statistical association between responding tumours (pCR and partial) and 

survival after neoadjuvant CRT and is consistent with other published literature, 

caution must be taken when interpreting these results.153,154 The Newcastle-Ottawa scale 

showed majority of the studies were of good quality, but 12 of 17 studies were 

retrospective observational study and therefore may posed a significant bias. Second is 

the simplification of combining Dworak’s and Mandard’s classification into partial and 

no response to reduce the variability and subsets of partial response. The assessment of 

TRG is subjective, and classification can vary between pathologist, therefore may not be 

representation of partial/no response. Third is the potential for publication bias, as 

negative results are less likely to be published and abstracts from podium presentations 



96 

 

are not included in this review. Fourth, some of the pooled HR’s are from a small 

number of studies, such as the partial response pooled HR for OS, in which there were 

only two studies, with some results not necessarily representative of the true effect.  

Finally, inter-study heterogeneity was present in some of the subgroup analyses, 

compounded by differences in grading tumour response rate. In particularly the analysis 

for pCR in DFS, of which there was considerable heterogeneity due to a wide range of 

reported hazard ratio from individual study; from 0.1 to 0.99 amongst the nine 

publications. Although there is a wide range contributing to statistical heterogeneity, 

all studies had HR less than one with only a single study that did not reach statistical 

significance. 

 

In conclusion, this study substantiates that pCR and partial responding tumours are 

associated with good long-term outcomes in patients with locally advanced rectal 

cancer. As research progresses, robust methods to predict pCR and the development of 

novel neoadjuvant therapies to improve response rate have the potential to improve 

long-term outcome for these patients.  
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Chapter 3 Prognostic Impact of Tumour Infiltrating 

Lymphocytes in Primary and Metastatic Colorectal Cancer: a 

Systematic Review and Meta-analysis 

 

Introduction 

 

The TNM staging system for colorectal cancer has been the primary means of 

prognostication for patients since its inception.  In colon cancer, while surgery remains 

the primary treatment, adjuvant chemotherapy is administered in high-risk patients.  

The stratification of patient’s that direct such treatment decisions is currently based 

upon the TNM staging.   

 

A similar approach is adopted to stratify patients with rectal cancer. Those with early 

rectal cancer (T0-2, N0) may receive immediate surgery, whereas the locally advanced 

rectal cancer (T3-4 and/or N+) may go on to have neoadjuvant CRT followed by radical 

surgery.117,121 There is a known spectrum of response to treatment,51,172 which includes a 

proportion of patients who will achieve a pCR, defined as no tumour remains at 

previously irradiated tumour bed.  This has spurned an increasing number of trials 

assessing the safety of a “watch and wait” approach to avoid surgery for patients with a 

cCR, acting as a surrogate marker for a pCR.27,28,40 However, patients managed by this 
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new “watch and wait” algorithm have suffered tumour regrowth rates up to 30.8%,36 

given the lack of a high fidelity tool that can reliably predict pCR.41  

 

The TNM staging system was recently challenged by a new prognostic marker that was 

better at demarcating good from poor long-term outcomes. A seminal paper by Galon 

et al. in 2006, successfully characterised the different subsets of tumour-infiltrating 

lymphocytes (TILs) that predict patient prognosis by way of gene expression profiling 

in a small cohort followed by a validation with immunohistochemistry on colon cancer 

tissue in a larger cohort.114 This identified that the density and location (centre of 

tumour and invasive margin) of CD3+ (generalised), CD8+ (cytotoxic) and CD45RO+ 

(memory) T cells, are collectively a better predictor of patient survival than the current 

TNM staging system. This was further translated to rectal cancer, showing high 

predictive correlation not only for long-term survival but also good tumour regression 

grade.117 

 

Since then, it has garnered significant interest marked by an increasing number of 

publications validating TILs and assessing different immune subsets and their impact 

on prognosis.101,173,174 Despite increasing research interest, the usage of TILs as a 

prognostic marker has not yet translated to the clinical setting. Furthermore, the results 

are discordant in similar T cell subsets, likely due to the small number of patients in 

these studies.101,173,174 Before TILs can be adopted as part a clinical decision-making tool, 
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the significance of each TIL subset must be elucidated. This may further aid and shift 

research focus to a few TIL subsets that are most relevant to colorectal cancer.  

 

Hence the aim of this chapter was to investigate the significance of each T cell subset in 

primary and metastatic colorectal cancer. 

 

Methods 

 

A systematic search was undertaken through Pubmed and Embase from January 1996 

to December 2016. The keywords used in combination were colon, rectum, metastatic, 

neoplasm, immunology, tumour infiltrating lymphocytes, cytotoxic, helper-induced, 

regulatory cells, CD8, CD4, FoxP3, neoadjuvant therapy, radiotherapy, rectal neoplasm 

and pathological response.  The search was limited to human studies and the English 

literature with the strategy displayed in Appendix Supplementary Report Table 3.1.  

 

Two independent reviewers (JCK and GRG) assessed 373 titles and abstracts. Of these, 

106 were selected for full-text review. Studies were included if immunohistochemistry 

was performed for the T cell subsets, with reported short- and long-term outcomes such 

as disease-free survival (DFS), overall survival (OS) and tumour regression grade (TRG) 

following colorectal cancer resection. The exclusion criteria were; studies investigating 

the prognostic impact of TILs in microsatellite instability – high colorectal cancer; 
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studies with less than 30 patients; studies with insufficient outcome data and studies 

using only haemotoxylin and eosin to identify TILs. 

 

Three studies were randomly selected for initial review to develop standardised pro-

forma for data collection.  Two reviewers (JCK, GRG) independently evaluated and 

collated data from each manuscript, with discordance addressed by a third reviewer 

(AGH).  Data collected included study characteristics; recruitment date; single or 

multicentre study, multivariate analysis adjustments; patient characteristics; age; 

gender; assessment of TIL density; number of investigators; blinded or not to outcome 

data; tumour stage; patient outcome and extent of follow-up. 

 

The primary outcome measure was DFS and OS of high vs low TILs in colorectal cancer, 

and secondary outcome measure was the significance of TILs for predicting response to 

neoadjuvant CRT in rectal cancer.  

 

Statistical analysis 

 

In each study examining primary or metastatic colorectal cancer, time-to-event 

outcomes were extracted as a hazard ratio (HR) with the accompanying 95% confidence 

interval. The estimated HR compared high-density versus low-density TILs, with a HR 

<1 associated with good outcome and >1 signifying poor outcome. Subgroup analyses 
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were performed based on T cell subset, density, location and the associated long-term 

outcomes.  

 

T cell location was characterised as 1) invasive margin (IM), defined as TILs abutting the 

invasive margin of tumour cells; 2) intraepithelial (IE), with TILs identified between 

tumour cells or nests and 3) Stromal, with TILs identified in an area clearly separated 

from the luminal border and invasive front. Overall survival was defined as the time 

from the date of diagnosis of colorectal cancer to the date of death irrespective of cause, 

with disease-free survival defined as the date of diagnosis to the date of cancer 

recurrence. The definitions and function of each T cell subset can be found in the 

Supplementary Appendix.  

 

Pooled data analysis was performed using the random-effects model given the 

significant heterogeneity across the included studies.158 This model is an extension of 

the Bayesian meta-analysis suggested by Jackson et al.,175 with the addition of a model 

fit using importance sampling and a likelihood-based approach.158 I2 statistic was 

derived to assess inter-study heterogeneity, and an I2 > 60% was considered to 

demonstrate substantial heterogeneity.  

 

With the locally advanced rectal cancer papers, there was substantial heterogeneity 

between T cell subsets, neoadjuvant treatment, tumour regression grading, and 

reporting of short-term and long-term outcomes. Moreover, not all studies reported on 
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the proportion of pCR in relation to TIL density. Therefore, a summary of results was 

generated as shown in Table 14. The quality of each study was assessed using the 

Ottawa-Newcastle Scale. 

 

All statistical analyses were performed on IBM SPSS version 22, and a p-value <0.05 was 

considered significant.   
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Results 

 

Study and patient characteristics 

 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

flowchart including the criteria for selection of studies is demonstrated in Figure 4.  

There were 25 studies included in the final analysis. This consisted of 15 studies98-

104,114,173,174,176-180 (4719 patients) of primary colorectal cancer and 7 studies117-122,181 of locally 

advanced rectal cancer (727 patients) investigating TIL correlation with TRG.  A further 

three studies182-184 (418 patients) examined metastatic (liver and/or lung) colorectal 

cancer. The majority were retrospective observational studies derived from a 

prospectively maintained database. Patient, tumour and study characteristics are 

displayed in Table 12. 
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Figure 4: Flow diagram of search strategy 

 

Studies identified through database 
search between 1996 to Dec 2016  

n = 11303 

Studies excluded n = 10930;  

Irrelevant to the study or limit to 
English publication 

Abstracts review  

n = 373 

Studies included in the final review  

Colon cancer n = 15 

Rectal cancer n = 7 

Metastatic colorectal cancer n = 3 

Studies excluded n = 267;  

12 – Immunotherapy and CRC 

57 – Other tumour streams 
(melanoma, prostate, breast) 

198 – Animal studies 

 

 Full text screen for eligibility  

n = 106 

Studies excluded n = 83;  

2 – Patient < 30 

2 – No outcome data 

7 – Analysis without IHC 

7 – Analysis on MSI only 

9 – Duplicates 

11 – Letters and correspondence 

14 – Genomic analysis 

27 – Functional T cell study with 
FACs 

2 – Others  
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Table 12: List of patient, tumour and study characteristics with associated outcome follow-up 

 
Authors 

Year 

Study 
recruitment 

Centre 
Total 

patients 

Gender 
Median 

Age 

Stage Median 
No of 

investigators 
Blinded Location Variables adjusted 

Male Female I II III IV 
Follow-

up 
95%CI 

Flaherty 2016 2001-2009 Multicentre, USA 89 48 41 67* 5 10 71 3 33.6 3.6-88.7 1 Yes IM, CT 
Age, sex, tumour; size, stage, LN involvement, LVI and 

adjuvant treatment, T cell type and site 

Ling 2014 1995 to 2003 Single, Sweden 426 222 180 NR 63 154 85 94 113 NR 1 NR 
IM, CT, 

IE 
Age, sex, tumour; location, grade, stage, growth pattern, 
histology, MSI, CIMP, preoperative chemoradiotherapy 

Richards 2014 1997-2006 Single, Glasglow 365 201 164 NR 10 26 219 110 115 59-179 2 Yes 
IE, IM, 
Stroma 

Age, sex, surgical urgency, POSSUM scoring, ASA, smoking 
status, anemia, WCC, NLR, tumour; grade, stage, location, 

venous invasaion, growth pattern, necrosis 

Yoon 2012 NR Single, USA 216 114 102 64 NR 39 177 NR 96 NR 2 Yes 
IE, 

Stroma 
Age, tumour; grade, stage, MSI 

Deschoolmeester 
2010 

1995 to 2003 
Multicentre, 

Belgium 
215 107 106 68 30 74 80 26 62.4 NR 2 NR 

IM, IE, 
Stroma 

Age, sex, tumour; location, grade, adjuvant treatment, T 
cell subset and site, MSI 

Frey 2010 NR Single, Switzerland 1048 673 741 69.7 * NR NR NR NR NR NR NR NR CT 
Age, sex, tumour; diameter, location, stage, histology, 

vascular invasion, T cell subset and site 

Lee 2010 1996 to 2006 Single, Korea 87 38 49 53 NR 87 NR NR 125 42.5-168.5 1 Yes 
IE, 

stroma 
Age, sex, tumour; size, lymphatic, vascular and perineural 

invasion, CEA, T cell subset and site 

Salama 2009 1990 to 1999 Single, Australia 967 NR NR NR NR 593 374 NR 69.7 NR 1 Yes NS 
Age, sex, tumour; grade, stage, location, lymphatic, 

vascular, perineural invasion, MSI, T cell subset 

Sinicrope 2009 NR 
Single, North 

America 
160 84 76 NR NR 24 136 NR 96 NR 2 Yes 

Tumour 
core 

Age, sex, tumour; grade, stage, T cell subset and site 

Suzuki 2009 NR Single, Japan 95 53 41 NR NR NR NR NR NR NR 1 Yes IE 
Age, sex, tumour; location, invasiveness, LN involvement, 

venous invasion and stage 

Galon 2006 1990 to 2003 NR, France 415 NR NR NR NR NR NR NR NR NR NR NR CT, IM 
Tumour; differentiation, invasion and lymph node 

involvement 

Chiba 2004 NR Multicentre, Japan 260 214 157 63 51 137 136 47 92.4 NR 2 Yes IE Age, sex, tumour; grade, stage, location and TIL 

Menon 2004 NR Single, Netherlands 93 56 37 69 NR 44 49 NR 73.2 1-223.2 NR Yes 
IM, IE, 
Stroma 

Tumour; grade, stage, location and mucinous 
characteristics 

Prall 2004 1994-1999 Single, German 152 71 81 66 NR NR NR NR 44 NR NR NR IE 
Age, tumour; location, stage, adjuvant treatment and MSI 

status 

Naito 1998 1986 to 1989 Multicentre, Japan 131 NR NR NR 21 48 54 8 60 NR NR NR 
IE, IM, 
Stroma 

Tumour stage, histological subtypes, invasiveness, T cell 
subset and site 

NR – not reported, IM – invasive margin, CT -centre of tumour, IE – intraepithelial, LN – lymph node, LVI – lymphovascular invasion, MSI – microsatellite instability, CIMP – CyG island methylator 

phenotype, POSSUM – Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity, ASA – American Society of Anaesthesiologist, WCC – white cell count, NLR – 

neutrophil lymphocyte ratio, CEA – carcinoembryonic antigen  

* mean result 
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Pooled analysis for Primary Colorectal Cancer 

 

Prediction of Long-term Outcomes 

 

There were three T cell subsets identified as significant predictors of long-term outcome 

irrespective of their location. High CD8+ (pooled HR 0.76, 95%CI 0.64-0.9, p-

value=0.001, Figure 5) TIL density were associated with improve DFS whereas high 

FoxP3+ TIL density had poorer prognosis (pooled HR 2.25, 95%CI 1.66-3.05, p-

value<0.001). There was moderate heterogeneity with both TIL subset analyses with I2 

of 44.38% and 21.18% respectively. As for OS, high CD8+ (shown in Figure 6), FoxP3+ and 

CD45RO+ densities were associated with improved OS (see  
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Figure 6: Forest plot of cytotoxic (CD8+) T cells with individual study hazard ratio and 

pooled analysis for overall survival 
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Table 13); with a pooled estimated HR of 0.83 (95%CI 0.6-0.88), 0.2 (95%CI 0.14-0.31) 

and 0.63 (0.5-0.76) respectively (all p-values <0.001). However, significant heterogeneity 

was identified for CD8+ (8 studies; I2 test=69.37%) pooled analysis.   

 

T cell locations for Disease-free Survival and Overall Survival 

 

This was assessed to determine the prognostic impact of TIL location (categorised as 

IM, IE and stroma region) and their respective subsets. There was only a single study 

investigating the role of CD3+ and CD8+ TILs located at the IM of the tumour for DFS.174 

This demonstrated that both T cell subsets correlated with improved DFS; with a 

reported HR ratio of 0.66 (95% CI 0.55-0.88, p-value=0.005) and 0.76 (95%CI 0.57-0.99, 

p-value=0.046) respectively. Within the intraepithelial, only high CD8+ density (HR 0.7, 

95%CI 0.52-0.94, p-value=0.019) was associated with improved DFS. 

 

In examining TIL location and subset for OS, all T cell subsets (except for CD3+ in IE 

region) were significantly correlated with improved outcome, however only one study 

by Richard et al investigated their relevance within the invasive margin (see  
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Table 13).185 Moderate heterogeneity was identified in the studies examining CD3+ cells 

within the IE compartment (4 studies; I2 test=71.73%) and CD8+ cells in an unspecified 

or combined locations (4 studies; I2 test=82.29%). 

 

T cell subsets in metastatic colorectal cancer 

 

All included studies for metastatic colorectal cancer reported OS as the only long-term 

outcome. In all three studies, there were no association identified between CD4+ and 

CD8+ T cell density with OS. 
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Figure 5: Forest plot of cytotoxic (CD8+) T cells with individual study hazard ratio and 

pooled analysis for disease-free survival 
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Table 13: Pooled hazard ratio analysis for different T cell subsets and location according 

to primary or metastatic colorectal cancer 

Location 
T cell 

subset 
No. of 
study 

Pooled 
HR 

95%CI HR p-value 
I2 test 

% # 
Authors 

Disease-free survival 

 CD3 5 0.76 0.40-1.45 0.408 91.21 
Deschoolmeester, Flaherty, Lee, Sinicrope, 

Galon 

 CD8 5 0.76 0.64-0.90 0.001 44.38 
Deschoolmeester, Flaherty, Salama, 

Suzuki, Menon 

 FoxP3 4 2.25 1.66-3.05 <0.001 21.18 Lee, Sinicrope, Salama, Suzuki 

 CD45RO 2 0.40 0.15-1.03 0.066 0 Lee, Salama 

Overall survival 

 CD3 5 0.75 0.51-1.11 0.148 88.85 
Deschoolmeester, Lee, Richards, 

Sinicrope, Galon 

 CD8 8 0.83 0.60-0.88 <0.001 69.37 
Chiba, Deschoolmeester, Ling, Naito, Prall 

Richards, Suzuki, Yoon 

 FoxP3 7 0.20 0.14-0.31 <0.001 0 
Frey, Lee, Ling, Richards, Sinicrope, 

Suzuki, Yoon 

 CD45RO 2 0.63 0.50-0.76 <0.001 0 Lee, Richards 

Primary Colorectal Cancer Disease-free Survival 

IM 

CD3 1 0.66 0.55-0.88 0.005  Flaherty 

CD8 1 0.76 0.57-0.99 0.046  Flaherty 

IE 

CD3 3 0.73 0.12-4.39 0.731 81.53 Deschoolmeester, Lee, Sinicrope 

CD8 2 0.70 0.52-0.94 0.019 0  Deschoolmeester, Flaherty 

FoxP3 2 0.40 0.06-2.62 0.337 0 Lee, Sinicrope 

CD45RO 1 0.25 0.08-0.78 0.32  Lee 

Stroma 

CD3 3 0.59 0.33-1.04 0.068 0 Deschoolmeester, Lee, Sinicrope 

CD8 1 1.95 0.66-5.76 0.220  Deschoolmeester 

FoxP3 2 0.60 0.13-2.81 0.521 18.66 Lee, Sinicrope 

CD45RO 1 0.20 0.05-1.03 0.13  Lee 

Mixed or 
NS 

CD3 1 2.38 1.67-3.39 <0.001  Galon 

CD8 3 0.80 0.52-1.24 0.319 66.47 Menon, Salama, Suzuki 

FoxP3 2 0.88 0.33-1.93 0.618 72.89 Salama, Suzuki 

CD45RO 1 0.74 0.65-0.84 <0.001  Salama 
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Primary Colorectal Cancer Overall Survival 

IM 

CD3 1 0.51 0.40-0.64 <0.001  Richards 

CD8 1 0.53 0.42-0.66 <0.001  Richards 

FoxP3 1 0.66 0.51-0.84 0.001  Richards 

CD45RO 1 0.62 0.50-0.77 <0.001  Richards 

IE 

CD3 4 0.67 0.33-1.37 0.271 71.73 Deschoolmeester, Lee, Richards, Sinicrope 

CD8 4 0.62 0.46-0.84 0.018 56.04 Deschoolmeester, Naito, Richards, Yoon 

FoxP3 4 0.57 0.30-0.85 <0.001 0 Lee, Richards, Sinicrope, Yoon 

CD45RO 2 0.64 0.42-0.86 <0.001 0 Lee, Richards 

Stroma 

CD3 4 0.59 0.39-0.79 <0.001 0 Deschoolmeester, Lee, Richards, Sinicrope 

CD8 4 0.69 0.48-0.89 <0.001 0 Deschoolmeester, Richards, Yoon 

FoxP3 4 0.70 0.50-0.90 <0.001 0 Lee, Richards, Sinicrope, Yoon 

CD45RO 2 0.64 0.40-0.87 <0.0001 0 Lee, Richards 

 
Combined 
or NS 

CD3 1 1.89 1.42-2.51 <0,001  Galon 

CD8 4 0.94 0.61-1.44 0.775 82.29 Chiba, Ling, Prall, Suzuki 

FoxP3 3 0.73 0.59-0.87 <0.001 15.21 Frey, Ling, Suzuki 

Metastatic Colorectal Cancer Overall Survival 

Combined CD4 

2 

0.26* 0.11-0.63 0.169 7.53 

Katz, Nakagawa 
 CD8 1.85* 0.93-8.2 0.721 98.93 

NS – not specified, Combined – combining 2 or more T cell locations, Blue text highlight – p-

value<0.05 

# I2 heterogeneity test was performed to assess inter-study variation; score of 0-40; 

minimal, 30-60; moderate, 60-90; substantial and 90-100; considerable 

* Odds Ratio 
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T cell subsets predicting pathological complete response 

 

Of the seven studies examined, four performed IHC on pre- and post-neoadjuvant CRT 

specimens,119-121,181 two on pre-neoadjuvant CRT biopsy samples,117,122 and one on post-

neoadjuvant CRT specimens only.118 CD3+, CD8+ and FoxP3+ were the three TIL subsets 

that were commonly interrogated. Only a single study assessed the utility of TILs as a 

prognostic factor compared to other clinicopathological factors for long-term survival 

outcomes.117 In this study by Anitei et al., a multivariate cox regression analysis was 

performed showing increasing levels of immunoscore (I0-4; score from least to highest 

level of TILs in IM and CT) gave a HR of 0.55 (95%CI 0.39-0.79, p-value =0.0009) and 

0.62 (95%CI 0.47-0.81, p-value=0.0004) for DFS and OS respectively.117 

 

A consistent correlation was seen between the density of each T cell subset with TRG.  

Three studies showed significantly higher levels of CD3+, and CD8+ TILs after 

neoadjuvant CRT,119-121 whereas the FoxP3+ density was reduced after treatment, all of 

which were significantly associated with an improved TRG.118,121  
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Table 14: Six studies included into the final review with study design, number of patients, type of specimen for immunohistochemistry, treatment 
regime and number of patients with pCR  

Authors 
Year 

Study 
recruitment 

Study 
centre 

Specimen NA 

CRT 

Time to 
surgery 

n pCR cCR 
Immune 

subset 
Quantification Outcome 

Median f/u 
(months) 

Summary results 

Posselt 
2016 

2006-2016 
Single, 

Germany 

Pre- and 

post-Rx LCCRT 56 days 202 10 N/A 
CD8, 
FoxP3 

Median value OS 43.2 

• Pre-treatment biopsy: FoxP3 was 3.5x and 2x higher than 
CD8 in stroma and IE compartment respectively 

• Post-treatment resected specimen; FoxP3 count declined 
to similar levels to CD8 or lower 

• Pre-treatment high FoxP3 correlated with good OS but 
not post-treatment, and CD8 showed no survival 
advantage 

McCoy 
2015 

2006 to 2010 
Single, 

Australia 

Post-Rx 
LCCRT 

6-8 
weeks 

128 26 N/A 

CD3, 
CD4, 
CD8, 

FoxP3, 
IL-17 

Median value 
Dworak's 
TRG, DFS, 

CSS 
76 

• TRG for post-treatment: low FoxP3 in stroma associated 
with pCR 

• Low FoxP3 was associated with CSS and DFS 

Teng 2015 NR 
Single, 
China 

Pre- and 

post-Rx 
RT, CT, 
LCCRT 

45.1+/-
5.4 days 

136   CD3,CD8 Mean value 
Dworak's 
TRG, DFS, 

OS 
57 

• After any neoadjuvant therapy, the CD3 and CD8 
densities were higher than pre-treatment biopsy sample 

• High densities of CD3 and CD8 in pre-treatment biopsy 
was associated with good TRG ≥ 3, DFS, OS 

Anitei 2014 
1987 to 2004 

 

Single, 
France 

Pre-Rx 
NACRT N/A 111 N/A N/A 

CD3, 
CD8 

Mean value 
TRG, DFS, 

OS 
74 

• High densities of CD3 and CD8 correlated with good DFS 
and OS  

 2007 to 2012  
 

Immediat
e surgery 

NR 55 4      
• High densities of CD3 and CD8 in pre-treatment biopsy 

correlated with good TRG 

Lim 2014 1998 to 2007 
Single, 

Australia 

Pre- and 

post-Rx 
LCCRT 

SCCRT 

6-8 
weeks 

52 1 N/A 
CD3, 

CD8, NK 
cells 

Median value 
Mandard's 
TRG, DFS 

38.4 
• High densities of CD8 and NK cells in post-treatment 

biopsy was associated with better TRG (1-2) 

Shinto 
2014 

2001 to 2007 
Single, 
Japan 

Pre- and 

post-Rx SCCRT 
31.1+/-6.4 

days* 
93 3 N/A 

CD8, 
FoxP3 

Median value 
Dworak's 
TRG, DFS, 

CSS 
55.1 months 

• High CD8/FoxP3 ratio and CD8 densities in intra-
epithelial region correlated with good TRG in pre-
treatment biopsy 

• High CD8 densities in stroma correlated with good TRG 
in post-treatment biopsy 

• High CD8 densities in stroma in post-treatment biopsy 
was associated with good DFS and CSS 

Yasuda 
2011 

2005 to 2009 
Single, 
Japan 

Pre-Rx 50.4 Gy 

5-FU 

6-8 
weeks 

46 6 2 
CD4, 
CD8 

NR TRG NR 
• Density of CD8 was an independent prognostic factor for 

pCR 

NACRT – neoadjuvant chemoradiotherapy, LCCRT – Long Course Chemoradiotherapy, SCCRT – Short Course Chemoradiotherapy, CRT – Chemoradiotherapy, RT – Radiotherapy, CT – Chemotherapy, Rx – Treatment, TRG – tumour 

regression grade, DFS – disease-free survival, OS – overall survival, CSS – cancer specific survival   
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Discussion 

 

Interest and research into the role of TILs has expanded rapidly over recent decades.  

This has enhanced our knowledge and understanding of tumour biology and its 

interaction with the immune system in the surrounding microenvironment.  This 

analysis affirms the prognostic importance of all relevant T cell subsets (CD3+, CD8+, 

CD4+, CD45RO+ and FoxP3+) on DFS and OS in primary and metastatic colorectal 

cancer, and on TRG in locally advanced rectal cancer, to further delineate their clinical 

importance. 

 

The concept of cancer immune-surveillance was first described by William Colley in the 

1890s, following his observations of tumour response following their injection with 

infective bacteria.75 Nevertheless, this concept did not gain significant traction until 

2006, when Galon et al. successfully demonstrated the significance of generalized T cells 

(CD3+), and the cytotoxic (CD8+), and memory (CD45RO+) subsets in differentiating 

good from poor prognosis in colon cancer.114 This seminal work subsequently led to the 

concept of “Immunoscore”, which serves as a robust classification system based on the 

immune infiltrate at the centre and invasive margin of colon cancer specimens. The 

“Immunoscore” has been validated as superior to the American Joint Committee of 

Cancer (AJCC) TNM classification, in stratifying patient’s long-term outcomes.186  
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Due to the numerous immune cell subsets within the tumour microenvironment, and 

the inconsistent results reported in multiple studies, it was challenging to determine 

which T cell subsets were significant in predicting patient’s DFS and OS. Regulatory 

(FoxP3+) T cells are known to suppress anti-tumour activity, leading to poor patient 

prognosis. However there were four studies that revealed a high FoxP3+ density was 

associated with improved DFS and OS,98-101 contradicting the theorised biological 

function of this subset.102-104  

 

In our analysis, a high FoxP3+ density was associated with improved OS in all regions. 

The discrepancy in results prior to this study could be explained by the finding of FoxP3+ 

in normal cells or other tumour types.153,187 Consequently, relying on a single FoxP3+ 

stain is not a robust method for identifying T regulatory cells, with a minimum of two 

markers required for accurate phenotyping (CD4+ and FoxP3+ cells).188 This highlights 

the importance of exploring other methods to identify T regulatory cells, including flow 

cytometry or multiplex fluorescence immunohistochemistry, given their ability to co-

stain for two or more markers within a single T cell.189  

 

A high density of the other T cell subsets (CD3+, CD8+ and CD45RO+) correlated with 

improved outcome, consistent with that expected given their biological function.  

Cytotoxic (CD8+) T cells are the key subset of the immune system responsible for 

tumour killing.  The presence of CD45RO+ on T cells infers a memory phenotype, 

indicating that the immune system has successfully recognised and been appropriately 
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primed against a tumour antigen.190 From a clinical perspective, improving the accuracy 

of predicting treatment response and patient outcomes allows for the stratification of 

patients, which in turn informs treatment decision-making.  A worldwide taskforce has 

been established on the classification of tumours utilising the Immunoscore as a 

biomarker.  Our meta-analysis affirms the prognostic utility of immune cells in primary 

colorectal cancer.115 

 

Over recent time there has been the advent of a watch and wait approach to the 

management of locally advanced rectal cancer patients who achieve a cCR post 

neoadjuvant CRT.  However, a recent propensity-score matched multicentre cohort 

analysis by the Oncological Outcomes after Clinical Complete Response in Patients with 

Rectal Cancer (OnCoRe) group, found that 38% of patients in the “watch and wait” 

cohort had local tumour regrowth of which 88% were salvageable by surgery. Despite 

no difference in 3-year OS, there is a need for a predictive test that can more accurately 

identify patients who have achieved a pCR, bringing personalised medicine to the fore. 

This will reduce the morbidity associated with tumour regrowth and the anxiety of 

having intensive clinical and radiological follow-up over five years.36 

 

This has led to an expanded research effort to identify novel biomarkers of response, 

exemplified by the Immunoscore.117 Other studies have successfully validated the utility 

of T cell subsets as predictive biomarkers of response.  This has included Lim, Teng and 

Shinto et al119-121 who identified that an increase in CD8+ T cells after neoadjuvant CRT 
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is significantly associated with pCR. Furthermore, the predictive accuracy for pCR was 

increased when the ratio of CD8+ to FoxP3+ was higher,121 adding weight to the premise 

that T regulatory cells have an immunosuppressive effect on anti-tumour immunity.  

Similar findings were identified by McCoy et al, where low FoxP3 correlated with an 

improved tumour regression grade in addition to DFS and OS.118 This is consistent with 

a review by Haikerwal et al, which concluded that the immunosuppressive effect of T 

regulatory cells is a delayed event, consistent with their role in regulating the resolution 

of inflammation.123 A larger prospective validation cohort is required before the T cell 

subsets can be used as a clinical decision marker. 

 

The potential clinical relevance rests upon the advent of immunotherapy, including 

checkpoint inhibition (PD-1/PD-L1 blockade). These new therapies have demonstrated 

effectiveness across multiple tumour types, including melanoma, lung cancer and renal 

cell cancer.147,191  However, they have not demonstrated similar efficacy in colorectal 

cancer 143,144 until recently, when Le et al. confirmed microsatellite instability - High 

(MSI-H) tumours had a significant response with PD-1 blockade.145 This has opened 

another therapeutic avenue for select patients with MSI high metastatic colorectal 

cancer.  

 

For patients without a significant anti-tumour immune response, advances in the field 

of cancer vaccination have led to them being employed in an effort to recruit cytotoxic 

T cells that recognise specific tumour markers.192  One marker of particular interest in 
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colorectal cancer is mutant KRAS, which occurs in 50% of all colorectal cancer.  A Phase 

I/II clinical trial by Gjertsen et al., utilised a KRAS mutant peptide vaccine in 

combination with GM-CSF for patients with advanced pancreatic cancer.  This led to a 

RAS mutation specific T cell immune response in 58% of patients, with an associated 

improved overall survival.193 These findings have led to the establishment of an open-

labelled Phase Ib clinical trial assessing the safety and efficacy of KRAS cancer 

vaccination with a checkpoint inhibitor in recurrent rectal cancer (NCT02933944).  

 

The strength of this study relies upon the inclusion of the key subsets of T cells involved 

in an anti-tumour (CD3+, CD8+, CD45RO+) or pro-tumour immune response (FoxP3+ 

cells). Furthermore, to the best of our knowledge, this is the first meta-analysis 

investigating the prognostic impact of TILs in primary and metastatic colorectal cancer, 

and the predictive accuracy of the TIL infiltrate in determining response in locally 

advanced rectal cancer.  

 

However, these results should be interpreted with caution, as there were several 

limitations. First, all included studies were retrospective in nature and there was 

significant heterogeneity between the studies. The statistical heterogeneity was due to 

a wide range of results and coefficients, compounded by clinical heterogeneity in the 

way that each study performed their immunohistochemistry assessment of TIL density 

as shown in Supplementary Table 3.4. Second, high versus low TILs was defined by 

individual study as dichotomous cut-off value dependent on the mean or median for 
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each subset. Consequently, each study will have its own value with no validation of these 

values identified from our literature search. Third, the subset analyses were based upon 

a small number of studies. Fourth, the meta-analysis is subject to publication bias, as 

unpublished negative findings are not accessible. Finally, there appears to be an 

intricate interplay between anti- and pro-tumouregenic immune subsets. This is a 

dynamic process within the colorectal cancer microenvironment and 

immunohistochemistry assessment only considers the number of TILs but not function 

or interactions between other cells. Hence, not a true reflection on TILs activity. 

 

In conclusion, there is mounting evidence that the immune infiltrate plays an important 

role in modulating good long-term outcome for colorectal cancer. However, there is still 

a need for high quality prospective study and standardised assessment of TILs density 

and cut-off value before immunohistochemistry assessment could be used as a robust 

prognostic tool. Furthermore, it is likely the measure of TILs function within the tumour 

microenvironment that will yield an accurate assessment of long-term prognosis and 

tumour response. 
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Chapter 4 Exploring the Accuracy of Multispectral 

Immunohistochemistry in Predicting Response to Neoadjuvant 

Chemoradiotherapy 

 

Introduction 

 

An emerging technology for staining formalin fixed paraffin-embedded tissue 

specimens is the multispectral fluorescence immunohistochemistry (multispectral 

IHC). Its ability to counterstain multiple molecular and/or immune biomarkers makes 

it an ideal platform for quantitative visualisation of the tumour microenvironment 

without the need for serial staining. However, to date, this method has not been 

translated to colorectal cancer specimens. Therefore, the aim of this chapter was to 

conduct a pilot study to explore i) the feasibility of performing multispectral IHC and 

ii) the association of immune markers to pCR after neoadjuvant CRT.  
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Methods 

 

Patient Selection 

 

This is a prospective observational study. As a pilot study, eighteen consecutive locally 

advanced rectal cancer (Stage II and III) patients were recruited over six months in 2016. 

The inclusion criteria were; i) age ≥ 18 years old, ii) receiving long-course CRT, and iii) 

interval time to surgery from cessation of CRT ≥ 10 weeks. Patients were excluded if 

subsequent restaging scans showed progression of disease not amenable to surgery.  

 

Acquisition of Rectal Cancer Biopsy 

 

Each patient will have a repeat colonoscopy to ascertain location and height of tumour. 

Then three biopsy samples were taken using cold biopsy forceps, immediately fixed in 

formalin and send to pathology laboratory for paraffin embedding.  

 

Histopathology Assessment 

 

All pre-neoadjuvant CRT specimens were examined by a single gastrointestinal 

pathologist (Dr. Catherine Mitchell); i) to confirm the presence and proportion of rectal 
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cancer within a biopsy, ii) to produce the final histopathology report for tumour 

regression grade of the previously irradiated tumour bed. Both the pathologist and I 

were blinded from the multispectral IHC and clinical outcomes respectively.  

 

Multispectral Immunohistochemistry Protocol 

 

Multispectral IHC staining was performed using the PerkinElmer Opal 7-colour kit. Five 

immune markers were selected based on a meta-analysis performed in Chapter 3, in 

which the most relevant markers predicting response to neoadjuvant CRT were 

interrogated. These were; CD3+, CD4+, CD8+, FoxP3+, CD56+ and AE1/AE3 (cytokeratin 

marker for staining tumour cells). The staining process for multispectral IHC was 

adopted from a similar protocol that was previously optimized for melanoma tissue 

samples.194 

 

Pre-neoadjuvant CRT formalin-fixed paraffin embedded tissues were collected from the 

pathology department. These were then serially sectioned, de-paraffinized and 

rehydrated prior to antigen retrieval (using EDTA pH 8.0) with the pressure cooker. All 

tissues were blocked with serum-free protein block (Dako) before applying each 

primary antibody (see Table 15) of interest. Secondary antibody (HRP labelled anti-IgG 

antibody by PerkinElmer) was subsequently applied after endogenous peroxidase 

activity was blocked with H2O2. For visualisation, Opal TSA Plus (1:50) dye was applied 

onto the tissue specimens. Slides were then placed in EDTA pH 8.0 buffer, heated using 
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microwave treatment, washed five times using Tris-buffered saline with Tween 20 

(TBST) containing 0.5% Tween-20 after OPAL TSA Plus dye was applied. These steps 

were repeated for every subsequent primary antibody. 

 

After the last primary antibody application, all slides were washed twice before nuclei 

staining was applied using 4′,6-diamidino-2-phenylindole solution (PerkinElmer, 1:250). 

Finally, a coverslip was applied to each slide with the aid of Vectashield HardSet 

mounting media.   
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Table 15: Primary antibody list 

Cell Marker (Host) Manufactures (Clone) Dilution 

CD3+ (rabbit) Spring Bioscience (SP7) 1:500 

CD8+ (mouse) Thermo Fisher (4B11) 1:100 

CD4+ (rabbit) Spring Bioscience (SP35) 1:100 

Foxp3+ (rabbit) BioSB 1:100 

AE1/AE3 (mouse) Leica Biosystems 1:200 

 

 

Table 16: Secondary / TSA Plus list 

Cell Marker Secondary Ab (Dilution) TSA Plus (Dilution) Colour-applied 

CD3+ Anti-rabbit IgG (1:1000) 520 (1:50) grey 

CD8+ Anti-mouse IgG (1:500) 620 (1:50) green 

CD4+ Anti-rabbit IgG (1:1000) 650 (1:50) red 

Foxp3+ Anti-rabbit IgG (1:1000) 570 (1:50) orange 

AE1/AE3 Anti-mouse IgG (1:500) 690 (1:50) magenta 

 

  



128 

 

Multispectral IHC Analysis 

 

All images were scanned using the Vectra System, and analysis performed through the 

inForm software developed by PerkinElmer. The inform software will detect each 

immune marker with DAPI staining nucleus as a single cell (Figure 7). The process of 

the analysis required scanning of whole tissue sections on a slide (Figure 8a) followed 

by magnification at 10x, rescanning and saving all images (Figure 8b). Finally, the 

absolute number of cells for each cell type was calculated based on the following 

markers;  

 

i. T helper cells – CD3+/CD4+ 

ii. Cytotoxic T cells – CD3+/CD8+ 

iii. T regulatory cells – CD4+/FoxP3+  

iv. Double negatives T cell – CD3+/CD4-/CD8-  

v. NK cell – CD56+/CD8- 

vi. Tumour cells – AE1/AE3  

 

In order to obtain an equal representation of TIL population for each patient, the 

density of each cell type was calculated according to the total surface area for each tissue 

section (cells/mm2). Further differentiation was obtained by identifying TIL density 

according to its location, which was categorised as center of the tumour (CT) and 

stromal regions. The CT was defined as TILs identified between tumour cells and 
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stromal region as TILs identified in an area clearly separated from luminal border and 

adjacent to supporting stromal structures (basement membrane, extracellular matrix, 

fibroblasts and vasculature). 

 

Statistical Analysis 

 

Each T cell subset was dichotomised to high and low, by deriving their median value as 

the cut-off limit. A Fisher’s exact test was employed for two groups of response; pCR 

and incomplete pCR. All statistical analyses were performed on IBM SPSS version 22 

and a p-value of <0.05 was considered significant. 

 

Ethics 

 

Ethics approval was obtained from Peter MacCallum Cancer Centre Human Research 

Ethics Committee. Informed consent for research participation was performed by one 

of two colorectal research fellows (JK or GG) in the laboratory.  
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Figure 7: Multispectral IHC analysis from the inForm software. Each cell type was coded 

with a specific colour (green – cytotoxic T cell, red – T helper cell, T regulatory cell – 

orange, so forth). The software will then detect the absolute number of each cell type, 

with the total surface area as the denominator to calculate the density 
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Figure 8a: Multispectral IHC of an overview of the whole tissue section 

 

 

 

 

 

a) 
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Figure 8b: Subsequently magnified by 10x before an electronic computer algorithm 

calculates the density over surface area (cells/mm2) for each image 

 

 

b) 
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Figure 9: A representative tissue specimens from locally advanced rectal cancer patients 

with (a) low versus (b) high TIL densities. Colour coding were as following; white – 

CD3+, red – CD4+, green – CD8+, orange – FoxP3+, pink – AE1/AE3 and blue – DAPI 
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Results 

 

Study Participants 

 

All eighteen consecutive locally advanced rectal cancer patients were successfully 

recruited. However, three were excluded due to; one patient had progression of disease 

to para-aortic lymph node, with the decision made not to offer definitive surgery 

whereas two other patients’ biopsies had only dysplastic tissue specimens. In the end, 

fifteen patients were included into the analysis. Of these, four had pCR, six with partial 

response and five with no response in accordance to the Wheeler’s tumour regression 

grade.  

 

T cell Subsets and Location 

 

Five immune markers (CD3+, CD8+, CD4+, CD56+, FoxP3+), a tumour marker 

(AE1/AE3) and DAPI were successfully stained for all patients. However, inconsistent 

staining of CD56+ marker preclude it from further analysis.  
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Analysis Comparing pCR versus non-Pcr 

 

In those who had achieved a pCR, they were found to have high densities of CD8+ (in 

stromal region), CD4+ (in stromal region) and FoxP3+ (in CT and stromal region) 

compared to only four patients (36.4%) in the non-pCR group and this was statistically 

significant as shown in Table 17. 
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Table 17: Correlating the T cell subsets and location (CT and stromal region) with pCR 

and non-pCR before neoadjuvant CRT for locally advanced rectal cancer  

Variables pCR Non-pCR p-value 

CT CD8+ cells Median 190.8 cells/mm2   

Low 2 (50) 5 (45.5)  

High 2 (50) 6 (54.5) 0.876 

CT FoxP3+ cells Median 28.8 cells/mm2   

Low 1 (25) 6 (54.5)  

High 3 (75) 5 (45.5) 0.310 

CT CD8+/FoxP3+ ratio Median 4.5 cells/mm2   

Low 2 (50) 6 (54.5)  

High 2 (50) 4 (45.5) 0.876 

CT CD4+ cells  Median 489.9 cells/mm2   

Low 3 (75) 4 (36.4)  

High 1 (25) 7 (63.6) 0.185 

Stromal CD8+ cells  Median 239.7 cells/mm2   

Low 0 7 (63.6)  

High 4 (100) 4 (36.4) 0.029 

Stromal FoxP3+ cells Median 10.8 cells/mm2   

Low 1 (25) 6 (54.5)  

High 3 (75) 5 (45.5) 0.310 

Stromal CD8+/FoxP3+ ratio Median 8.0 cells/mm2   

Low 3 (75) 5 (45.5)  

High 1 (25) 6 (54.5) 0.310 

Stromal CD4+ cells  Median 182.8 cells/mm2   

Low 0 7 (63.6)  

High 4 (100) 4 (36.4) 0.029 

CT and Stromal CD8+ cells Median 441 cells/mm2   

Low 1 (25) 6 (54.5)  

High 3 (75) 5 (45.5) 0.310 

CT and Stromal FoxP3+ cells Median 56.1 cells/mm2   

Low 0 7 (63.6)  

High 4 (100) 4 (36.4) 0.029 

CT and Stromal CD8+/FoxP3+ ratio Median 5.0 cells/mm2   

Low 3 (75) 4 (36.4)  

High 1 (25) 7 (63.6) 0.185 

CT and Stromal CD4+ cells Median 610 cells/mm2   

Low 2 (50) 5 (45.5)  

High 2 (50) 6 (54.5) 0.876 

pCR – pathological complete response, CT – Centre of tumour 
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Discussion 

 

This is a pilot study to assess the clinical utility of multispectral IHC, which successfully 

demonstrated the feasibility of staining for six biomarkers; CD3+, CD4+, CD8+, FoxP3, 

AE1/AE3, and DAPI. Accordingly, it showed cytotoxic (CD3+/CD8+) and T regulatory 

(CD4+/FoxP3+) T cells were associated with patients achieving a pCR compared to non-

pCR. This is consistent with findings from Galon et al. and other authors.114,195 

 

Traditionally the assessment of TILs is done using chromogenic IHC or FACs. However, 

there are limitations with each platform; with the chromogenic staining, it requires 

multiple serial sections, and may lead to loss of information because as the sections are 

cut (3-4 um sections for each slide), cells in the first plane will slowly diminish. In 

addition, a single biomarker staining may not truly represent the cell type of interest. 

For instance, T regulatory cells is known as CD3+/CD4+/FoxP3+. Yet FoxP3+ is found in 

cancer cells, leading to overestimating the number of T regulatory cells.196,197  

 

Although FACs analysis of whole tumour piece gives a better representation of the 

tumour microenvironment, it is hampered by the requirement for an abundance of 

tissue to achieve a good yield. Reasons for this include a harsh enzymatic and 

mechanical digestion to extract TILs from solid tumours, which can lead to death of 

multiple cell types including TILs. Similar experiences were encountered during this 

study, for which a minimum weight of 150 mg (25-20 endoscopic biopsies) of rectal 
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cancer specimen was required, which is clinically not feasible. Furthermore, FACs does 

not allow for assessment of TIL location for which multispectral IHC can provide. 

Therefore, the multispectral IHC allows both co-localisation of specific T cell subset and 

location, making it a promising modality to estimate response to long course CRT for 

locally advanced rectal cancer. 

 

In the analysis comparing pCR to non-pCR in pre-treatment biopsy specimens, it was 

observed that a high density of CD3+/CD8+, CD4+/FoxP3- and CD4+/FoxP3+ were 

associated with patients obtaining a pCR. It is well documented that CD8+ T cell is the 

key mediator for controlling tumour progression.114 Of interest is the positive 

correlation of CD4+ T cells, which has not been shown to date. An explanation for such 

a finding is that these are potentially Th1 cells, which is known to promote proliferation 

of CD8+ T cells by secreting IL-2 and IFN-γ. However, the only test available to affirm 

such a hypothesis is to perform functional stimulation of extracted TILs, as it will 

require cytokine testing for elevations of IL-2 and IFN- γ. Moreover, a larger validation 

study needs to be performed to better elucidate the accuracy of the current results from 

this small pilot study. 

 

A functional assessment of TILs is important for identifying the mechanism of poorly 

responding tumours in the setting of high cytotoxic T cell density. Although this study 

is in a setting of a small number of patients, four out of five tissue specimens confirmed 

to have no response (80%) to neoadjuvant CRT had high CD8+ T cell median density in 
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the centre and stromal region (p-value=0.066). Hence having high number of CD8+ T 

cells does not mean these cytotoxic cells necessarily cause anti-tumour effects, 

highlighting the need to develop an individualised assessment of T cell function. 

 

Although it is possible and feasible to stain rectal cancer tissue, there were several 

limitations identified in the steps for performing IHC. First, is the extensive three days 

protocol and limited number of stains that a person can perform at any one time 

(maximum of 20 slides). This has recently been addressed by an automated machine 

that can stain up to 100 slides. Second, the inability to optimise specific biomarkers such 

as PD-1, PD-L1 and CD56+, which is a surrogate marker for T cell function.  

 

In conclusion, multispectral IHC is a new platform that can stain multiple biomarkers 

in a single tissue section, without need to perform serial staining. In addition, the ability 

to co-localise different immune subsets within the tumour can be an invaluable tool for 

quantification of immune density. However, multispectral IHC merely quantifies and 

identifies the location of cytotoxic T cells but lacks the ability to ascertain function. This 

provides the impetus for the next chapter, which is to develop a novel immune cytotoxic 

assay for individual patients. 
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Chapter 5 Development of a Novel Functional Immune 

Cytotoxic Assay 

 

Introduction 

 

Organoid Culture as Preclinical Model 

 

An organoid is defined as a 3-dimensional organ bud grown in vitro from embryonic or 

pluripotent stem cells capable of self-renewal and self-organisation, and exhibiting 

similar organ functionality as the tissue of origin.198 Traditionally preclinical 

gastrointestinal models rely on cancer cell lines and animal models for studying 

molecular biology and identification of new therapies.199,200 However more than 80% of 

new therapies fail when tested in humans despite animal studies showing the treatment 

to be safe and effective.201 This is a major concern for the patient, as new therapies are 

trialled on advanced metastatic cancers where they have limited timeframe and 

opportunities for improvement in their survival. Furthermore from a cost perspective, 

billions of dollars of investment can eventuate into nothing due to the lack of drug 

efficacy. Hence there is a push for new preclinical models that more closely recapitulate 

the original tumours. 
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As such, gastrointestinal organoids have become an exciting new field in the 

development of translational research. Mouse intestinal organoids were first established 

by Sato et al. in 2009, by enriching colonic stem cells that express Leu-rich repeat-

containing G protein-coupled receptor 5.202 The authors successfully demonstrated the 

capability of growing crypt-villus architecture in 3-D culture by utilising a basement 

membrane matrix called Matrigel and supplementing the cells with growth factors that 

are required for the growth of intestinal epithelium.203 These growth factors were 

epidermal growth factor for intestinal proliferation, R-spondin to induce crypt 

hyperplasia and Noggin, which increases the crypt numbers.204 

 

A critical advance in intestinal organoid culture was the ability to grow them from 

human colonoscopic biopsy specimens, surgical resections or even single EphB2+ stem 

cells.205 However human intestinal crypts require additional supplementation with 

inhibitors of Alk and p38 pathways for long-term culture, in addition to Wnt, R-

spondin1 and Noggin.206  

 

As alluded by van de Wetering et al., cancer cell lines have served as the primary model 

to identify and determine novel drug-sensitivity. Nonetheless it has emerged that a 

complex network of biological and genomic alterations occurs within a tumour, which 

is underrepresented with cancer cell line model.207 Because an organoid is a 

representation of the original tissue, it can maintain a population of heterogeneous cells 

and genetic mutations. Therefore, organoids can be used to understand the 
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consequences of these mutations in colorectal cancer and may be very useful in high 

throughput drug screens for new therapies and potential therapeutic stratification 

particularly used at early passages.151 Following this is the creation of a living colorectal 

cancer biobank for high throughput drug-screening, headed by Hans Clevers in the 

Netherlands.204 

 

Other advantages of a colorectal cancer organoid model are: i) the rapid cultivation (5-

10 days) ii) the long-term expansion for more than six months iii) it consists of a pure 

population of tumour and stromal cells iv) only a small amount of tissue is required for 

successful cultivation and v) the feasibility of being able to perform this technique 

without specialised equipment or personnel.  

 

Functional Assessment of Individual Patient CD8+ TILs 

 

The functional measurement of individual patient CD8+ TILs require; i) a tumour 

microenvironment that closely recapitulates the parent tumour, and ii) a specific 

tumour-associated antigen response. It must also fit into a clinically attainable timeline 

of 14-16 weeks, parallel to the current treatment algorithm for locally advanced rectal 

cancer. For these reasons, a modified protocol for rapid TIL expansion was adopted.208 

This protocol was first established by Steven Rosenberg for adoptive T cell therapy.209  
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The idea was to expand patient-specific CD8+ TILs in the presence of matched tumour 

cells in vitro, by incubation with a high concentration of IL-2. Once sufficient numbers 

of CD8+ TILs specific to a tumour-associated antigen was successfully cultivated, it was 

then re-injected into the patient.210 In 2002, the first adoptive T cell therapy was 

performed, by transferring enriched autologous CD8+ T cells specific to a patient’s 

tumour associated antigen which had metastatic melanoma, a treatment which resulted 

in complete tumour regression. 

 

As the expanded TILs were specific to a patient-matched tumour, the protocol was 

adopted with the intention of performing a functional assay.  Hence a patient specific 

TIL-organoid assay was developed. 
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Methods 

 

Formation and Subsequent Expansion of Rectal Cancer Organoids 

 

As a working framework to cultivate rectal cancer organoids in the laboratory, a mouse 

colonic organoid protocol established by Dr Malaterre (a postdoctoral scientist from 

Professor Ramsay’s laboratory) was used. From there, a human colorectal cancer 

organoid protocol was established. Patients were prospectively recruited, their biopsy 

specimens taken at the time of colonoscopic examination of any rectal tumour likely to 

receive neoadjuvant CRT. 

 

First, fresh rectal cancer specimens (an estimated 100 mg or 15 endoscopic biopsies) 

were washed thoroughly in 300 ml of organoid basal media (OBM) containing penicillin, 

streptomycin, gentamycin and antifungal therapy (nystatin or fungizone). The reason 

for such an extensive antibiotic and antifungal therapy was to prevent in vitro infection, 

especially as rectal biopsies were taken from an area contaminated with faeces. 

Following this, mechanical and enzymatic digestion was performed to allow the 

acquisition of viable cells. These will then be washed again to get rid of all enzymes. 

 

Finally, these cells were resuspended in Matrigel at 4 degrees Celsius (at cold 

temperature Matrigel is in liquid form and will solidify as temperature increases to 37 
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degrees Celsius) which provides the tumour cells with the scaffolding to allow optimal 

growth into a 3-dimensional shape ( 

 

 

 

Figure 10). Cell density between 2000 to 5000 tumour cells in 50 μL of Matrigel was 

required to maintain a viable colony. This is because organoid growth depends on the 

paracrine effects of surrounding tumour cells. Tumour cell density that was too sparse 

can lead to tumour cell anoikis whereas too high a density caused rapid media growth 

factor depletion and organoid death.  

 

Rectal cancer OBM media changes were performed three times a week to replenish 

depleted supplements, and passaged every time there were more than five organoids in 

a well and each organoid size was estimated to be more than 50 μm. Routinely organoids 

from each patient were passaged once a week, up to 10 generations. With each passage, 

a similar mechanical and digestion protocol was adopted to that used in the initial 

organoid cultivation from whole rectal cancer tissue specimens.  
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Figure 10: a) Pre-treatment rectal cancer biopsies were processed to cultivate both 

organoids and TILs. b) Organoids will grow suspended in Matrigel, a solid construct at 

37 degrees Celsius. Each tissue culture well has media containing supplements to allow 

organoids to grow rapidly. c) Concurrently rectal cancer will be divided into small pieces 

and each placed in a 24-well tissue culture plate containing Complete Media and IL-2.  

d) At approximately 2-4 weeks, an immune cytotoxic assay co-culturing patient-

matched TILs with organoids will be performed.  

TILs culture 

Co-culture of patient-
matched TILs and organoids 

Organoid culture 

Pre-treatment biopsy 

a) 

b) 

c) 

d) 
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Preparation of Rectal Cancer Organoid Reagents 

 

Organoid Basal Media Wash  

 

Component Company/Catalogue # 

Advanced DMEM/F12 Sigma #D6421 

HEPES Media Kitchen 

L-Glutamine Media Kitchen 

Penicillin and Streptomycin Media Kitchen 

Gentamycin ThermoFisher #15750060 

Fungizone ThermoFisher #15290018 
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Organoid Digestion Media 

 

Component Company/Catalogue # 

DMEM ThermoFisher #11966025 

Fetal bovine serum ThermoFisher #16000044 

Penicillin/Streptomycin Media Kitchen 

Collagenase IV CLS-4 Worthington #LS004188 

Dispase GIBCO #17105-041 

Hyaluronidase Sigma Aldrich #H3506-500MG 

DNAse Type I Sigma Aldrich #D4263-1VL 
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ACK (Ammonium-Chloride-Potassium) Lysis Buffer  

 

Component Company/Catalogue # 

Ammonium Chloride (NH4Cl) Millipore #12125029 

Potassium Bicarbonate (KHCO3) Merck #104854 

EDTA Amresco #0105 

Distilled water - 

Hydrochloric acid (adjustment of pH to 7.2-7.4) - 
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Rectal Cancer Organoid Media  

 

Component Company/Catalogue # 

OB Media See above 

A8301 TOCRIS #2939-10mg 

B27 ThermoFisher Sc. #17504-044 

EGF Sigma Aldrich #SRP3027-500UG 

Gastrin Sigma Aldrich #G9145-0.5MG 

N acetyl Cyst Sigma Aldrich #A9165-5G 

SB202190 Sigma Aldrich #S7067-5MG 

SB431542 Sigma Aldrich #S4317-5MG 

Y27632 Sigma Aldrich #Y0503-5MG 
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TILs Generation and Maintenance  

 

An estimated 50 mg or 10 endoscopic biopsies were required for TIL cultivation from 

each patient. A similar thorough washing protocol was implemented. After that, each 

tissue biopsy was divided into smaller pieces (estimated size of 3-5 μm) and placed in 

complete media (CM) containing high dose IL-2 (6000 units/ml). Media changes was 

performed three times a week to replenish IL-2, with the aim of cultivating up to 1x108 

TILs.  
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Preparation of TIL Reagents 

 

Conditioned Media (CM) 

 

Component Company/Catalogue # 

RPMI 1640 Gibco #11875-093 

Human AB Serum Sterile Filtered Heat 

Inactivated 
Valley Biomedical, Inc. #HS1017 

HEPES Media Kitchen 

Pen/Strep Media Kitchen 

Glutamax Media Kitchen 

Gentamycin ThermoFisher #15750060 

Fungizone ThermoFisher #15290018 
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Immune Cytotoxic Assay Optimisation 

 

All immune cytotoxic assay was performed within four weeks of obtaining patient 

biopsy specimens. This specific timeline was used due to the slow cultivation of TILs 

compared to patient-matched organoids. A fluorescence microscope called Olympus 

IX3 was utilised to perform an immune cytotoxic assay. The microscope can image more 

than 100 organoids for each well over a pre-determined timeline. Images captured will 

focus on whole organoid and the dynamics of TIL destruction. 

 

Briefly, the process for performing an immune cytotoxic assay begin by passaging a 

patient’s organoid onto an Ibidi 96 well microscopy grade plate (DKSH Australia 

catalogue no: 89626) and left to mature until more than ten organoids achieved a size 

of more than 50 μm in every well. Patient-matched TILs were then added into each well 

at a concentration of 250,000 unsorted TILs (CD4+, CD8+, CD56+/CD8+, CD56+, and 

CD4+/FoxP3+ T cells) per well. An apoptotic fluorescence detector, Caspase 3/7 

(Thermofisher CellEvent ReadyProbes catalogue #R37111), and a necrotic fluorescence 

detector, Propidium Iodide (Sigma Aldrich catalogue no:25535), were added to the 

media to assess apoptosis and cell death, respectively. 
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Experimental Design During Optimisation of a Novel Immune Cytotoxic Assay 

 

All patient assays include the controls;  

 

1) Negative control – Organoids only  

2) Negative control – TILs only 

3) Negative control – peripheral blood mononuclear cells (PMBC) only 

4) And in each assay, the organoids were cultured with patient-matched TILs at 

an effector to target (E:T) ratio of 

a. 1:1 

b. 5:1 

c. 10:1  

5) Assays also included organoids:patient-matched TILs with addition of a check-

point inhibitor (anti-PD-1 antibody) at E:T ratio of 10:1 
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Image Acquisition and Analysis 

 

In the first three patient samples, the immune cytotoxic assay was performed by imaging 

at least 30 organoids in each well. Images were taken every two hours for 48 hours 

duration. Once the Ibidi 96 well microscopy grade plate was placed onto the microscope 

platform and images acquired over 48 hours using the CellSens programme and 

analysed using Fiji ImageJ.211 

 

Fiji ImageJ Analysis  

 

The mean fluorescence intensity for each organoid was obtained by measuring the 

overall fluorescence intensity divided by the surface area of the organoid. This was 

performed by creating an electronic algorithm in Fiji ImageJ. Both Caspase 3/7 and PI 

fluorescence mean fluorescence intensity were plotted over time to ascertain the 

functional killing of C8+ T cells. 

 

Scanning Electron Microscopy  

 

Morphological killing was also examined by scanning electron microscopy (ScEM) 

(JCM-6000, Jeol, operated at 15 kV under high vacuum). Organoids were plated onto an 

Aclar film in a 12 well plate overnight and co-cultured with TILS for 2 hours the following 
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day. Organoid-TILS co-cultures were fixed with 2.5% glutaraldehyde, 2% PFA in 0.1M 

sodium cacodylate buffer for 1 hour at 37°C, followed by washes in 0.1M sodium 

cacodylate buffer. For scanning electron microscopy, the fixed organoid-TILS co-

cultures were dehydrated through a series of increasing concentrations of ethanol, 

underwent critical point drying in Leica EM CPD300, sputter-coated with gold and 

imaged using a bench top scanning electron microscope (JCM-6000, Jeol), operated at 

5 kV under high vacuum. 

 

Ethics 

 

Ethics approval was obtained from Peter MacCallum Cancer Centre Human Research 

Ethics Committee. Informed consent for research participation was performed by one 

of two colorectal research fellows (JK or GG) in the laboratory.  
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Results 

 

Validation of Rectal Cancer Organoid Cultures 

 

The origin of the organoids was confirmed by short tandem repeat (STR) analysis (see 

Table 18). Rectal cancer organoids were also validated by haematoxylin and eosin 

staining (Figure 11), reviewed by Dr Catherine Mitchell, a gastrointestinal pathologist, 

who had compared these against the original tumour biopsy. 

 

Table 18: A short tandem repeat authentication for five organoids compared to the 

original rectal cancer biopsy specimens. Organoids with ≥ 80% match were considered 

to be closely related with their original biopsy specimen  

Patient Code 
Percentage match between original rectal cancer biopsy 

versus organoid  

AO623 100% 

NC070 100% 

YH336 89% 

CC002 100% 

TS420 89% 
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Figure 11: Haematoxylin and eosin stain from two patients with locally advanced rectal 

cancer. Both biopsy specimens and matched organoids were formalin fixed paraffin-

embeded and validated by Dr Catherine Mitchell. The morphology and tissue 

architecture of rectal cancer organoids (from passage two after being in culture for five 

days) were similar to the parent tumour, with evidence of invasive adenocarcinoma, 

goblet cells and a lumen  
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a) 

b) 

50 µm 
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Figure 12: Microscopy images using the Olympus IX3 taken at 4x magnification; a) Day 

0 – multiple cells formed after mechanical and enzymatic digestion b) Day 5 – often 

organoids will grow rapidly achieving a size of ≥ 50 µm c) Day 7 – organoids may 

undergo anoikis, starts as peripheral bleb (arrow), if not passaged in a fastidious 

timeframe due to a combination of rapid growth factor depletion and increased in toxic 

metabolite  

  

c) 

100 µm 



162 

 

Proof of Principle 

 

As a proof of principle, a patient-matched TILs and organoid co-culture was undertaken 

to ensure that an immune cytotoxic assay can be performed within an in vitro setting, 

Therefore, in the first few experiments, two fluorescence reagents were utilised; Hoechst 

(ThermoFisher Scientific 10mg/ml Cat no: H3570) which emits blue fluorescence 

outlining the rectal cancer organoid and Caspase 3/7 which will emit green fluorescence 

when apoptosis occurs.  

 

As shown in the fluorescence microscopy illustration in Figure 13, when patient-

matched TILs and organoids were introduced together, increasing green fluorescence 

intensity (due to Caspase 3/7 reagent activation) was observed, starting from two hours 

with the highest intensity recorded at 22 hours. This indicates a TIL-mediated organoid 

death, as the control well (organoid microenvironment without TILs) did not show any 

progressive increase in apoptosis.  
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Figure 13: An initial experiment to demonstrate the ability of patient-matched TILs 

initiating rectal cancer organoid apoptosis over 22 hours. Images were first taken in 

bright field setting, followed by fluorescence intensity acquisition in which all viable 

cells will fluoresced blue (due to Hoechst); a) an organoid microenvironment without 

TILs as a negative control. At 22 hours, there were some degree of apoptosis (green) in 

the core of the organoid, a common observation especially with larger organoids. This 

was likely due to shedding of dead cells as organoids grow over time. When compared 

to b) co-culture with patient-matched TILs, there was a significantly higher fluorescence 

intensity observed at 22 hours, indicating TIL-mediated apoptosis (green) 

 

b) Co-culture with TILs 

a) Control with no 
TILS 
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Optimal Assay Media Condition 

 

As displayed in Table 19, a number of growth factors can influence the function of TILs. 

To optimise the assay conditions, all media growth factors were removed one at a time 

to assess their influence on CD8+ initiated tumour lysis compared to control with 

normal media condition. After investigation of six patient organoid-TILs co-cultures, it 

was observed that the optimal organoid growth factor requirements varies from patient 

to patient. In addition, maintaining all growth factors does not improve TIL initiated 

tumour lysis compared to media containing only B27 and gastrin (as these were the only 

two reagents that does not influence TIL activity). Therefore, all experiments from here 

on were performed in media condition containing all reagents.  
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Table 19 Colorectal organoid media reagents and its effects on TILs 

Reagents Information 

A8301 

TGF-β type I receptor ALK5 kinase inhibitor 

Regulating cell growth, differentiation, apoptosis, 

motility and invasion, extracellular 

matrix production, angiogenesis, and immune 

response 

B27 and Gastrin No literature on immune cells 

SD202190 

Potent p38 MAP kinase inhibitor 

Regulating proliferation, angiogenesis and 

metastasis through IL-6, IL-8 and TNF-α 

Y-27632 

ROCK-II inhibitor 

Promotes migration of inflammatory infiltrate. 

SB431542 

Elective and potent inhibitor of the 

TGFβ/Activin/Nodal pathway that inhibits ALK5 

(IC₅₀ = 94 nM), ALK4 (IC₅₀ = 140 nM), and ALK7, but 

does not inhibit the BMP type I receptors ALK2, 

ALK3, and ALK6.  

EGF Regulation of T-reg 

NAC 
Decreases oxidative production and increases 

antioxidation 

IL-2 

Promotes the differentiation of T cells into effector T 

cells and into memory T cells when the initial T cell 

is also stimulated by an antigen. 

Production by Th1 and Th2. 

http://topics.sciencedirect.com/topics/page/Apoptosis
http://topics.sciencedirect.com/topics/page/Extracellular_matrix
http://topics.sciencedirect.com/topics/page/Extracellular_matrix
http://topics.sciencedirect.com/topics/page/Angiogenesis
https://en.wikipedia.org/wiki/Effector_T_cells
https://en.wikipedia.org/wiki/Effector_T_cells
https://en.wikipedia.org/wiki/Memory_T_cells
https://en.wikipedia.org/wiki/Antigen
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Optimal Effector to Target Ratio 

 

In the subsequent experiments, an assessment of ideal effector to target (E:T) ratio was 

performed. This was to ensure the assay can be performed in the shortest time possible, 

without exposing the organoids to unfavourable media conditions such as toxic 

metabolite from both tumour lysis and normal metabolic activity. As organoids consist 

of a group of cells forming a 3-dimensional architecture,  for every passage, a cell count 

was performed to estimate the number of cells. It was estimated an organoid with an 

approximate size of 50 μm consists of 300-500 cells. Hence, a decision was made in the 

calculation of E:T ratio; for every organoid there will be 500 TILs. Therefore, in an E:T 

of 1:1 – 500 TILs per organoid, 5:1 – 2500 TILs per organoid and 10:1 – 5,000 TILs per 

organoid. 

 

It was noted an E:T ratio of 1:1 had the slowest killing activity, and will take between 3-

7 days for all organoids to be destroyed. With E:T ratio of 1:1, daily media changes were 

performed to eliminate any toxic metabolites that can influence organoid death. 

However when the E:T ratio was increased to 5:1 and 10:1, organoid death was much 

quicker as shown in Figure 14. The mean fluorescence intensity (MFI) was plotted over 

time for each E:T ratio (see Figure 15), demonstrating a ratio of 10:1 had the quickest TIL-

mediated organoid death starting at 2 hours and continued to increase exponentially 

over the course of the experiment. This effect at 10:1 ratio was much greater compared 

to 5:1 ratio, hence the decision to use an E:T ratio of 10:1 in all experiments.   
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 Effector to Target Ratio 

Negative Control 1:1 5:1 10:1 

 

 

 

Figure 14: Visual assessment of the TIL titration with effector to target ratio of 1:1, 5:1 and 

10:1 – taken at 0, 12 and 36 hours. In the negative control without any TILs, there were 

no fluorescence emission. Initiation of apoptosis (green fluorescence) followed by 

necrosis (red fluorescence) of organoids occured quickest with E:T ratio of 10:1, followed 

by 5:1 and then 1:1   

0 hour 

12 hours 

36 hours 
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Figure 15: Propiodium iodide mean fluorescence intensity (MFI) of 30 organoids for each 

E:T ratio measured every 2 hours for 48 hours. An E:T of 10:1 had the highest recorded 

MFI (54159), recording an exponential increase in red fluorescence intensity from 10 

hours and beyond. A much lower MFI was recorded for E:T of 1:1 and 5:1, likely due to a 

slower rate of TIL-mediated organoid death, compounded by bleaching of the red 

fluorescence and dissipation across the entire media volume 
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Comparing a Patient with pCR to No Response to Neoadjuvant 

Chemoradiotherapy 

 

Patient specific TILs from those who eventually achieved a pCR (on histopathology) 

were able to initiate tumour cell killing indicated by architectural disruption, apoptosis 

(green fluorescence) and subsequent necrosis (red fluorescence) on matched rectal 

cancer organoids as shown in Figure 16a. This was further validated by assessing the 

morphological changes of the rectal cancer organoids in the presence and absence of 

patient-matched TILs by ScEM at 2 hours as shown in Figure 16. These images confirm 

disruption of the normal organoid architecture in the presence of TILs after 2 hours. 

 

In those patient-matched TILs who did not respond to neoadjuvant CRT, their TILs 

were able to migrate and surround the organoids and suppress growth but there was no 

evidence of architectural disruption and the only red fluorescence emitted was from TIL 

death around the edge of the organoids (Figure 16b). This reveals that some organoids 

are intrinsically resistant to immune attack and/or the TILs lack cytotoxic activity.  
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Figure 16: Co-culture of patient-matched TILs and organoids from (a) a patient who 

achieved pCR against (b) a patient who had no response to neoadjuvant CRT. 

Microscopy image was taken at 22 hours on a bright field and red fluorescence channel 

(detecting propidium iodide). In a patient with (a) pCR, there was a complete 

architectural disruption with whole organoid emitting red fluorescence confirming TIL-

mediated death whereas with an organoid who had (b) no response to neoadjuvant CRT, 

the organoid remained intact with red fluorescence emitted by TIL death   
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Figure 17: Scanning electron microscope showing a series of organoids from one patient 

with known pCR to neoadjuvant CRT. Two separate culture conditions were 

established; a negative control and organoids with TILs (pink) co-cultured for 2 hours 

at an E:T ratio of 5:1 to allow TILs the sufficient time to cause tumour lysis without 

complete architectural disruption. Three organoids were imaged in each culture 

condition, showing different morphological changes; in the negative control all 

organoids had an intact architecture, whereas in the co-cultured condition, TILs were 

observed to be attached onto the organoid surface with evidence of surface blebs and 

disruption 
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Discussion 

 

In this chapter, a novel immune cytotoxic assay specific to a patient’s response to 

neoadjuvant CRT is described, that has the potential to fill the current clinical limitation 

in assessing pCR. A series of experiments were performed to select the optimal 

conditions for the assay in every aspect so that the only variable is the measurement of 

TILs cytotoxicity. As a validation step, organoids were tested for similarities to their 

origin by means of short tandem repeats analysis. It is the most useful method to ensure 

the authenticity of human organoid at an individual level (similar to human finger 

prints).212 

 

Following this, reagents to allow rapid organoid growth were explored, and a similar 

observation to that reported by Sato et al was found.205 Their findings were that the 

reagents required for cultivating colorectal cancer organoids were patient-specific and 

likely dependent on the inherent genetic mutations that drove the progression of 

benign to malignant condition.205 Therefore they found different set of growth-

promoting reagents were required in every patient colorectal cancer organoid.  

 

Hence, the primary focus in the optimisation of the immune cytotoxic assay was to 

ensure reagents that allow rapid organoid growth did not influence TIL function as 

shown in Table 19. In particular A8301, a TGF-β inhibitor that is known to influence the 

cytotoxic effects of TILs. Th2 T cells are known to produce TGF-β, which exert its 
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influence by inhibiting five cytotolytic pathways; perforin, granzyme A and B, Fas ligand 

and IFN-γ, which are the key mechanisms for TIL-mediated tumour lysis.213 Hence, if 

TGF-β inhibitor was used in the cytotoxic assay, this reagent may promote TIL 

cytotoxicity. This was not the case, as demonstrated by TILs from patients that did not 

have any response to CRT (Figure 16).  

 

There were several limitations that were observed during the optimisation of this assay. 

First is the potential for each fluorescence signal to fade in intensity over time due to 

the intensity and duration of light exposure, a phenomenon called photobleaching. 

Therefore, brighter lighting, or longer exposure time will lead to increased 

photobleaching, a significant confounder when estimating MFI for each organoid death. 

This will most likely affect patients who had obtained a partial response, as TIL-

mediated organoid death may take longer compared to patients with pCR. Hence, 

adjustments were made to reduce exposure time by taking an image every 2 hours which 

reduced the photobleaching phenomenon.  

 

Second is the potential for the images to be out of focus, in which the field of depth can 

influence MFI. This commonly occurs with any vibration cause during an experiment 

which shifts the organoid coordinates, and field of focus. Third is striking a balance 

between appropriate organoid size to conduct a cytotoxic immune assay. Too large 

(more than 100 μm) can lead to significant background death due to lack of nutrient 

diffusion with the addition of increasing toxic metabolites in the supernatant.214 As a 



174 

 

consequence, an organoid size of 50-100 um  was the limit for performing the cytotoxic 

immune assay. 

 

Following the optimisation of the assay, there was a stark difference observed between 

patients with pCR vs no response (from two patients in each group), leading to a 

prospective pilot study to assess the predictive value of this novel immune cytotoxic 

assay at predicting response to neoadjuvant CRT in locally advanced rectal cancer to be 

presented in the next chapter.   
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Chapter 6 Patient Specific Immune Cytotoxic Assay Predicts 

Response to Neoadjuvant Chemoradiotherapy for Locally 

Advanced Rectal Cancer 

 

Introduction 

 

The patient’s immune system play a vital role in tumour eradication.112 This has been 

demonstrated by gene expression studies of colon cancer, identifying tumour TILs and 

associated cytokines (Granzyme B) correlate with good prognosis.114 Subsequent 

validation by IHC, defined CD8+ (cytotoxic) TILs to be a superior predictive marker 

than TNM staging.215 Similarly, the immune landscape in rectal cancer before 

neoadjuvant CRT is well characterized, with high densities of CD8+ TILs appearing to 

be an enticing arbiter of good tumour regression grade.117,121,181 Although, the location 

and phenotype of TILs correlates with outcome, this is not to a degree whereby 

management can be confidently altered. This is because other immune subsets can 

inhibit the function of CD8+ TILs, despite an apparent high number that might be 

identified by IHC.89 Therefore, there is a rational need to measure CD8+ TIL function, 

using a platform that closely resembles the individual patient tumour 

microenvironment. 
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In the past decade, the treatment paradigm of neoadjuvant CRT followed by TME for 

locally-advanced low rectal cancers has been challenged with the potential for a rectal 

preservation approach.27 This is based upon the knowledge that a pCR can be achieved 

in 10-25% of rectal cancer patients, post-CRT.13-15 and is associated with an improved 5-

year disease-free and overall survival.153 Consequently, there has been global interest 

and numerous trials to assess the safety of a “watch and wait” approach in patients 

deemed to have achieved a cCR.27,28,40,216 Nevertheless, the concordance between cCR 

and pCR is inadequate for cCR to be used as a surrogate marker of the latter,37,41,43 

because the risk of tumour regrowth in patients remains 30.8%.36 For “watch and wait” 

to be widely adopted, there is a need for a robust individualised pre-treatment test that 

has the ability to predict patient response with high concordance. 

 

While colorectal cancer biobanks have been established for the purpose of assessing 

personalized drug efficacy,204 they do not facilitate the assessment of immunotherapy, 

including check-point inhibitor (eg. anti-PD-1 and anti-CTLA-4 antibodies), vaccines, 

adoptive T cell therapy and non-specific immunotherapies (IL-2 and IFN-γ).217 

Immunotherapy has revolutionised the treatment of advanced cancers with a high 

mutational burden, including melanoma, lung and renal cancer.218 Expanding upon this, 

success has been achieved with check-point inhibitor in MSI-H CRC given its 

comparatively high somatic mutational load.145 However, for stable and low mutation-

load cancers, it has not shown similar efficacy.219 This could be in part attributed to an 

inability to predict and select appropriate patients for immunotherapy.220 Efforts to 
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characterise TIL subsets and their location, including receptor and ligand expression by 

IHC have failed to predict response to immunotherapy.221 

 

On this basis, we hypothesized that measuring patient-matched TIL’s ability to induce 

rectal cancer organoid death will increase the accuracy for predicting pCR to 

neoadjuvant CRT in rectal cancer and assist in determining likely responders to 

immunotherapy by check-point inhibitor. Therefore, the aim of this study was to assess 

the potential of a novel immune cytotoxic assay, utilizing patient-matched tumouroids 

and TILs. This affords the possibility of robust stratification of patients, facilitating the 

selection of candidates for a “watch and wait” and identifying those patients who might 

benefit from immunotherapy.  
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Methods 

 

Patient Selection 

 

All rectal cancer patients at a quaternary academic centre (Peter MacCallum Cancer 

Centre) were identified prospectively from November 2015 to April 2017. A new rectal 

cancer patient will be identified by one of the four colorectal-trained surgeons. All 

patients will routinely receive a pre-treatment colonoscopy to assess height and location 

of their rectal cancer. All potential locally advanced rectal cancer patients will also be 

consented for research participation and biopsies were taken at the time of their repeat 

colonoscopy at Peter MacCallum Cancer Centre. They will also complete their pre-

operative AJCC TNM staging by MRI and PET/CT then discussed in our 

multidisciplinary board meeting.  

 

The inclusion criteria were patients with; (1) T3-4 and/or N1-2 rectal cancer; (2) receiving 

long-course neoadjuvant CRT; (3) no or solitary hepatic metastasis amenable to surgery, 

(4) rectal TME surgery performed with curative intent and (5) surgery performed at least 

10-12 weeks from the last dose of CRT. Patients were excluded if (1) less than 18 years old 

and (2) received short-course CRT or failed to complete long-course CRT. All tumours 

were microsatellite stable. 
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Clinical Assessment 

 

On commencement of the study, each patient was treated by a dedicated specialist 

lower gastrointestinal cancer multidisciplinary board consisting of a nuclear medicine 

physician, two radiologists, two medical oncologists, two radiation oncologists, two 

pathologists, four colorectal-trained surgeons and research scientists. All patients 

received long-course neoadjuvant CRT of 50.4 Gy external beam radiotherapy and 

infusional 5-fluorouracil chemotherapy. Radiotherapy was delivered over a period of 5 

weeks to a total of 45 Gy in 25 fractions to the pelvis followed by a 5.4 Gy boost to the 

primary tumour site in three fractions.  

 

Histology was examined by two pathologists (CM and WM) who are specialists in 

gastrointestinal oncology. The resected specimen was handled as per standard 

procedures, in accordance with the Royal College of Pathologist of Australasia 

Colorectal Cancer Structured Reporting Protocol (2nd Edition, 2012). Pathological 

complete response was defined as a complete absence of viable tumour at previously 

irradiated tumour bed and in all lymph node harvested. If no tumour was identified 

macroscopically, the whole tumour bed was submitted for histological examination, 

ensuring complete tumour regression. Any discrepancy of histopathological result will 

be evaluated by another pathologist until two pathological consensuses were reached.  
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Pre-treatment Immune Cytotoxic Assay Measurement 

 

The translational research team responsible for the study were two surgeon scientists 

(Joseph Kong and Glen Guerra) and an immunology scientist (Rosemary Millen). 

Collection of biopsies to derive organoids and TILs was performed by one of the three 

scientists, after 12 months of training. A pre-treatment test in the form of an in vitro 

cytotoxic assay combining both patient-matched organoids and TILs was developed and 

optimised to determine quantitative differences in TIL-mediated tumour lysis. All 

experiments and analyses were performed independently by two scientists (JK and RM), 

to ensure concordance of results. The mean of the two independent experiments was 

taken as the final measurement for CD8+ TIL-mediated tumour lysis. All experimental 

assessors were blinded to clinical outcomes. 

 

Organoid and TIL Expansion 

 

Rectal cancer organoids are an established in vitro model advanced by the Clever’s 

group.204,205 Fresh tumour biopsies were collected at the time of endoscopy, with a 

proportion of the specimen then used for processing into organoids as per the protocol 

developed in the previous chapter.205  
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A further portion of the endoscopic biopsy specimen was used for the expansion of 

patient-matched TILs in culture. Patient-matched TILs were analysed for their T cell 

specific subsets (CD3+, CD4+. CD8+, FoxP3+, and CD56+ cells) using a fluorescence-

activated cell sorter platform (BD LSR Fortessa X-20) at Day 0 and 14 to gauge the 

proportional shift of T cell subsets during in vitro expansion. 

 

Immune Cytotoxic Assay Analysis 

 

A comprehensive protocol is reported in Chapter 5 with a brief account here.  Patient 

organoids were expanded over two passages prior to utilisation in the immune cytotoxic 

assay. Organoids were plated onto an Ibidi 96 well microscopy grade plate in their third 

passage and allowed to grow for 5-7 days to achieve a size of ≥ 50 μm. Each well 

contained 10-500 organoids in rectal cancer organoid media condition. 

 

The microscopy plate was subsequently loaded onto a fluorescence microscope 

(Olympus IX3) platform within a humidified, temperature-controlled chamber. Two 

fluorescent reagents were added to each experimental well; a green apoptotic marker 

(Thermofisher CellEvent Caspase 3/7 Green ReadyProbes Reagent) activated by the 

cleavage of caspase, and a red necrotic marker (Themofisher Propidium Iodide) 

activated by binding DNA, indicating cell necrosis. Death of each organoid was 

quantified by measuring the MFI of PI given the stability of the dye over a longer 

duration. 
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Four wells were employed for each experiment, consisting of two negative controls with 

organoids alone, and two test wells, co-cultured with patient-matched TILs. A TIL to 

organoid (estimated 500 cells per organoid structure) ratio of 10:1 was used in the co-

culture assay. Organoids at the periphery of the Matrigel (<100 μm from the edge) were 

selected at random, with 10-20 organoids imaged every two hours for 48 hours. The 

images were then analysed by measuring the MFI for each organoid (overall 

fluorescence intensity emitted / surface area of organoid). The negative control MFI was 

subtracted from the test well measurements to obtain the normalised result.  

 

FACs Sorting of TIL Subsets Protocol 

 

Three patients (AO623 – had a pCR, GE153 and RH211 – both with partial response) were 

selected to determine the exact TIL subsets that mediated patient-matched organoid 

death. Patient’s TILs were expanded to 5x107, stained with CD3+, CD4+, CD8+, CD56+ 

and gold viability marker and sorted to individual subset using a fluorescence-activated 

cell sorter platform (BD LSR Fortessa X-20). Therefore, TILs were separated to; T helper 

(CD3+/CD4+), NK (CD56+/CD8-), NKT (CD56+/CD8+), and cytotoxic (CD3+/CD8+) T 

cells. 
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Cytotoxic Assessment of Each TIL Subset 

 

A similar protocol was adopted for the pooled (not sorted) TILs-organoid assay, with 

the exception of two additional wells for each TIL subset. The E:T ratio was maintained 

at 10:1.  

 

Cytometric Bead Array 

 

A 12-plex cytokine array was performed using BD™ Cytometric Bead Array Flex Sets: IL-

1α, IL-1β, IL-2, IL-4, IL-10, IL-12, IL-17F, IFN-γ, TNFα, GM-CSF, MCP-1 and VEGF. Top 

standard was prepared at 2500pg/mL serially diluted 1:2 to 2.4 pg/mL.  

Briefly, capture beads were prepared and mixed at ratio of 1:2 with standard/sample 

duplicates in 96-well plate. Then the 96-well plate was incubated at room temperature 

and light protected for an hour. PE-detection reagent (came prepared from the BD CBA 

Flex Set) was added to standard/sample wells, again left to incubate at room 

temperature and light-protected for another hour. Each well was washed with standard 

wash buffer from the BD CBA Flex Set, centrifuged at 200g for 5 minutes. Wells were 

then resuspended in wash buffer and acquired on BD FACSVerse™. Acquisition of each 

analyte included 300 events. Results were analysed using FCAP Array™ unknown 

concentrations were determined from the standard curve of each analyte.  
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Statistical Considerations 

 

The sample size was calculated based on an anticipated MFI difference of 5,000 between 

pCR and incomplete response, using a Student’s t-test with a p-value <0.05 and power 

of 80%. Therefore, two patients with pCR were required within a total sample size of 14 

patients given an estimated pCR rate of 15%. An additional four patients were included 

to account for organoid or TIL failure (85% success based on current literature) and 

patient drop-out. All fluorescence-activated cell sorter (FACs) analyses were performed 

on FlowJo X10.0.7r2, MFI of each image analysed using Fiji ImageJ v2.1,211 with statistical 

analyses performed on IBM SPSS version 22 and GraphPad Prism 7.03. A p-value of <0.05 

was considered significant. 

 

Ethics 

 

This study was approved by the Peter MacCallum Cancer Centre Human Research 

Ethics Committee and written consent was obtained from each patient according to 

guidelines set by the National Health and Medical Research Council.  
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Results 

 

Study Participants 

 

A total of 38 consecutive new rectal cancer patients were recruited, with successful 

completion of the cytotoxic assay prior to surgery in 17 locally advanced rectal cancer 

cases. The success rate in cultivating organoids and TILs for this study period was 20% 

in the first ten patients, 60% from patient 11-20, 90% from patient 21-30 and 87.5% from 

patient 31-38 (see supplementary Table 6.1). In the first ten patients that were recruited, 

only two had successful organoid and TILs cultivation. One patient-culture succumbed 

to an infection and seven patient-cultures had spontaneous apoptosis because of an 

incubator malfunction for two days. In the next ten patients (patient 11-20), three failed 

to grow either organoids or TILs because of low volume of tissue and one had culture 

infection. Subsequently, the success rate was 88.9%, with only two patients succumbed 

to culture infection out of the 18 recruited rectal cancer cases. 

 

From the 24 successful organoid and TILs culture, only 20 patients (78.3%) were suitable 

for long course neoadjuvant CRT. From the four patients that were excluded; two had 

early rectal cancer that received immediate surgery and two had liver metastases that 

were not amenable to resection. Of the 20 patients that received long course CRT, three 

were excluded because one patient did not tolerate the treatment and two had disease 

progression (liver metastases and para-aortic lymph node metastases) in their re-
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staging PET/CT. Hence, 17 patients were appropriate for surgery and had histological 

examination to confirm tumour response. 

 

The patient characteristics, pre-resection imaging and post-resection pathological TNM 

staging are tabulated in Table 20. Two patients had a contra-indication to MRI (cardiac 

pacemakers), precluding its use in their staging. On histological examination of the 

resection specimen, six patients attained a pCR, and eleven had incomplete pathological 

response. The mean number of sections examined for patients with pCR was 6.8, with 

mean lymph node examination of 19.5. 
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Table 20: Patient tumour, operative, imaging and histopathology characteristics 

Characteristics Pre-treatment MRI staging Pre-
treatment 

CT/PET M 

Post-treatment 

MRI restaging 

Post-treatment 

CT/PET 
Response 

Surgical Entry 
Height 

AV 
yT  yN  yM  

Patients TRG Sex Age T N CRM 
+ve 

EMVI 
+ve 

mTRG  CRM+ve EMVI+ve 

Patient 1 pCR  M 62 3* 0 NA NA 0 NA NA NA CMR Robotic ULAR 10 0 0 0 

Patient 2 IR M 37 4 2 1 1 0 3 1 1 PMR Open ULAR 7.5 3 0 0 

Patient 3 pCR  M 57 4 2 1 1 0 3 1 0 PMR Open ULAR 5 0 0 0 

Patient 4 IR M 45 4 0 1 0 0 2 0 0 PMR Laparoscopic ULAR/taTME 6 2 0 0 

Patient 5 IR F 64 3b 1 0 0 0 2 0 0 PMR Lapascopic ULAR 12 2 1b 0 

Patient 6 pCR  M 31 4a 2 1 1 0 2 0 0 PMR Laparoscopic ULAR 7 0 0 0 

Patient 7 IR M 24 3 2 1 1 1 2 1 1 PMR Robotic panproctocolectomy 10 3 1c 1 

Patient 8 IR M 46 3a 1 0 0 0 3 1 0 PMR Open ULAR 5 3 1 0 

Patient 9 IR M 42 4 1 1 1 0 4 1 1 NMR Open APR 4 3 0 0 

Patient 10 IR M 75 3 1 1 1 0 3 0 1 PMR Open ULAR 15 3 0 0 

Patient 11 pCR  M 52 2 1 0 1 0 1 0 0 CMR Laparoscopic ULAR 5 0 0 0 

Patient 12 IR M 73 3c* 1 NA NA 0 NA NA NA CMR Laparoscopic ULAR 8.5 3 0 0 

Patient 13 IR F 36 3 2 0 0 0 NA NA NA X Robotic ULAR 8 3 1b 0 

Patient 14 pCR  F 64 3d 0 1 1 1 NA NA NA X Laparoscopic ULAR 7 0 0 0 

Patient 15 IR M 72 3b 1 1 1 0 3 0 0 PMR Laparoscopic ULAR 10 2 0 0 

Patient 16 IR F 34 3b 2 1 1 0 2 1 0 CMR Open APR 3 1 0 0 

Patient 17 pCR  F 61 4 2 0 1 0 2 0 0 CMR Open APR 1 0 0 0 

TRG – tumour regression grade, pCR – pathological complete response, IR – incomplete response, CRM – circumferential resection margin, EMVI – extra-mural venous invasion, mTRG - MRI tumour 

regression grade, CMR – complete metabolic response, PRM – partial metabolic response, NMR – no metabolic response, ULAR – ultra-low anterior resection, taTME – transanal total mesorectal excision, 

APR – abdominoperineal resection, AV – anal verge, NA – not available, * contraindication to MRI and alternate pre-treatment staging was performed
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Table 21: Final pathological tumour regression grade in accordance to Modified Ryan 

Classification assessed by Dr Catherine Mitchell (CM), Dr William Murray (WM) and a 

third pathologist from Peter MacCallum Cancer Centre 

Patient Code Assessment by CM Assessment by WM 
Assessment by Third 

Pathologist 

VM900 0 0 0 

MN012 2 3 3 

VP943 0 0 0 

ML618 1 2 1 

YH336 2 2 3 

DM225 0 0 0 

TM190 2 2 2 

GW569 3 3 3 

LM211 2 3 2 

TG125E 2 2 3 

AO623 0 0 0 

AF971 3 3 3 

RH211 2 2 2 

CC002 0 0 0 

RJ195 1 2 2 

TS420 1 2 1 

AL619 0 0 0 

 

Modified Ryan’s Classification; 0 – No viable cancer cells, 1 – Single cells or rare small 

groups of cancer cells, 2 – Residual cancer with evidence of tumour regression, 3 – 

Extensive residual cancer with no evidence of tumour regression 
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Prospective Patient Cohort Assay Results 

 

The MFI of individual patient-matched TIL-mediated organoid death were grouped 

according to pCR or non-pCR to neoadjuvant CRT plotted over 48 hours as shown in  

 

 

Figure 18. This demonstrates that the groups begin to demarcate at 16 hours and there 

is no overlap of 95% CI at 32 hours and beyond. When the results are expressed as a box 

plot in Figure 19, an unambiguous difference between pCR and incomplete response at 

48 hours is evident, with a pCR (n=6) MFI of 27,982 (95%CI 25,340-30,625) compared 

with 12,428 (95% CI 9,434-15,423) for incomplete response (n=11), reaching clear 

statistical significance (p<0.001).  
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Figure 18: TIL-mediated killing of rectal cancer organoids in vitro predicts tumour 

response to therapy. By measuring cytotoxicity over 48 hours of patient-matched TILs 

co-cultured with rectal cancer organoids (30-100), distinct killing profiles can be 

ascertained. The killing profiles were tracked by mean fluorescence intensity and 

predict patients who achieved pCR (n=6) compared to those that showed incomplete 

pathological response (n=11) (mean +/- 95% CI; ANOVA p<0.001) 
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Figure 19: Boxplot of MFI measured at 48 hours comparing patients with pCR to 

incomplete response to neoadjuvant CRT (mean +/- 95% CI; two-tailed t-test; p<0.001) 
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Validation of TIL Cytotoxicity  

 

FACS phenotyping (gating strategy can be found in Figure 20) of the TIL population 

demonstrated small changes in the proportion of TIL subsets with in vitro expansion.  

However, collective observations indicate that the expanded TILs remain representative 

of those from the original tumour (Table 22). FACS separation of each TIL subsets; 

CD8+, CD4+, CD56+/CD8- (NK cells), and CD8+/CD56+ (NKT) was performed to 

distinguish the cytotoxic effect of each subset in a patient-matched TILs-organoid assay. 

This identified CD8+ TILs as the predominant cytotoxic subset, with natural killer T 

(NKT; CD8+/CD56+) cells also demonstrating the ability to cause organoid cell death. 

Natural Killer (NK; CD56+/CD8) cells failed to demonstrate significant activity, with 

CD4+ TILs also demonstrating indistinguishable cytotoxic activity from the control 

wells (no TILs) (Figure 20). Visualization of the potent killing capacity of CD8+/CD56- 

TILs compared to the other subsets is documented in Figure 21. 

 

Cytokines indicative of cytotoxic TIL activity were measured after 8 hours of co-culture, 

with IFN-γ and TNF-α release highest in the incomplete responders compared with pCR 

– 489 pg/ml (95%CI 487-491 pg/ml) and 931 pg/ml (95%CI 929-932 pg/ml) compared to 

4.3 pg/ml (95%CI 1.5-7.1 pg/ml) and 3.8 pg/ml (95%CI 1.0-6.6 pg/ml) respectively. 
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Table 22: FACs analysis of Day 0 – RC fresh TILs compared to Day 12-16 – RC cultured TILs and RC TILs that have been stimulated with 

Dynabeads CD3/CD28 to increase their PD-1 expression on CD8+ve TILs 

Sample 
T cells 
/CD45+ 

CD4+/T cells 
/CD45+ 

CD8+/T cells 
/CD45+ 

CD45RO+ 
/CD8+ 

PD-1+ 
/CD8+ 

T reg 
/CD3+ 

NK 
/CD45+ 

NK T 
/CD45+ 

AO623 RC fresh TILs 22.8 68.4 23.1 51.1 3.5 7.5 10.9 7.5 

AO623 RC cultured TILs 41.2 44.1 28.3 74.4 11.3 0.5 12.3 45.1 

TS420 RC fresh TILs 87.8 80.1 13.8 96.3 7.8 1.7 1.8 9.0 

TS420 RC cultured TILs 94.4 88.8 4.4 95.4 10.8 9.1 1.8 2.0 

AF791 RC fresh TILs 86.7 60.7 35.4 94.4 3.6 2.8 0.7 11.9 

AF791 RC cultured TILs 72.1 22.0 47.9 94.6 73.2 6.1 6.5 1.0 

CC002 mCRC fresh TILs 19.3 50.2 44.8 88.6 45.4 6.9 1.0 1.6 

CC002 mCRC cultured TILs 92.1 63.9 33.5 97.1 24.9 3.4 0.4 6.3 

         

CC002 RC cultured TILs 93.4 86.0 9.0 61.0 17.2 6.1 2.2 3.5 

GE153 RC cultured TILs 71.4 51.9 41.6 42.1 0.5 1.4 18.5 5.1 

RH211 RC cultured TILs 67.1 30.3 29.6 70.4 12.5 3.6 14.6 13.1 

RJ195 RC cultured TILs 93.1 90.0 6.8 97.0 2.0 8.1 4.6 0.2 

AW008 RC cultured TILs 90.6 58.3 28.6 95.8 1.2 1.8 2.97 0.55 

CL492 RC cultured TILs 87.5 68.9 7.04 92.3 15.3 1.8 1.32 1.08 

GW779 RC cultured TILs 62.3 14.1 77.2 83.0 7.6 0.2 10.2 22.7 

RO791 RC cultured TILs 41.7 76.4 6.84 100.0 12.5 3.7 7.48 16.3 

         

RC Day 1 Stim of TILs 62.9 58.3 17.9 95.2 68.0 20.3 6.7 18.9 

RC Day 2 Stim of TILs 68.8 54.6 19.5 95.6 64.9 23.7 5.2 22.4 

RC Day 5 Stim of TILs 62.9 26.0 28.7 98.9 40.3 12.2 4.2 27.7 

RC – rectal cancer, TILs – tumour infiltrating lymphocytes, Stim – stimulation of PD-1 expression using dynabeads CD3/CD28 
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Figure 20: FACs gating strategy for profiling rectal cancer TILs after in vitro expansion 

SC – single cells, FSC – forward scatter, DN – double negative, DP – double positive, 

CD56+ - natural killer (NK) cell marker, CD4+ - T helper cell marker, CD3+ - generalised 

T cell marker, CD8+ - cytotoxic T cell marker, FoxP3 – T regulatory (Treg) marker, 

CD45+ - lymphocyte marker 
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T cell subtype Proportions (%) T cell subtype Proportions (%) 

CD4+ 44.1 CD8+/CD56- 28.3 

CD56+/CD8- 12.3 CD8+/CD56+ 45.1 

Treg 0.5 TregCD45RO 90.7 

 

T cell subtype Proportions (%) T cell subtype Proportions (%) 

CD4+ 51.9 CD8+/CD56- 41.6 

CD56+/CD8- 18.5 CD8+/CD56+ 5.1 

Treg 1.4 TregCD45RO 96.1 
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T cell subtype Proportions (%) T cell subtype Proportions (%) 

CD4+ 30.3 CD8+/CD56- 29.6 

CD56+/CD8- 14.6 CD8+/CD56+ 13.1 

Treg 3.6 TregCD45RO 79.3 

 

 

Figure 21 Specific cytotoxic (CD8+) T cell mediated tumour lysis compared 

to other subsets. The E:T ratio for this experiment was 10:1. In all three 

patients, CD8+ T cell was the predominant cause for tumour lysis compared 

to other TIL subsets 
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Figure 22: FACs sorted T cell subsets functional immune assay – serial images taken at 

0, 24 and 46 hours demonstrating tumour lysis predominantly performed by CD8+ T 

cells, evidently observed by a much higher green followed by yellow (mix of red and 

green) fluorescence intensity seen in the cytotoxic T cell population compared to NK 

(CD56+/CD8-)and NKT (CD56+/CD8+) cells (both known to initiate tumour lysis as 

well)  

 

Negative Control Positive Control CD4+ T cell 

CD8+CD56+ T cell CD8+CD56- CD56+CD8- cell 



199 

 

 

 

Figure 23: Cytokine measurement f0r IFN-γ and TNF-α, an indirect measurement of TIL 

cytotoxic function. Both IFN-γ and TNF-α were higher in patients who had an 

incomplete response, indicative of superior TIL cytotoxicity compared to pCR (although 

not statistically significant). These were contrasting results to the immune cytotoxic 

assay performed and final histopathological outcome, suggesting indirect cytokine 

measurement does not accurately predict pCR 
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Assay Evaluation of Check-Point Inhibitors 

 

In three patient samples, TILs were stimulated with CD3/CD28 dynabeads 

(Thermofisher Scientific: Cat. no. 111.32D) for 1, 2 and 5 days to induce increased PD-1 

expression on their cell surface. The PD-1 expression on TILs increased within the first 

two days of stimulation, with decreasing expression at Day 5 (see Table 22). Hence, Day 

2 stimulation was taken to perform an immune cytotoxic assay to assess the efficacy of 

anti-PD-1 antibody (Pembrolizumab from Merck) in the setting of high PD-1 expressing 

TILs. At day 2, the PD-1 expression for three patient-matched TILs (Patient 1, 2 and 3) 

were 73.2%, 45.4% and 40.3% from 12.5%, 17.2%, and 10.8%, respectively. Figure 26 

shows the gating strategy for acquiring each TIL subset and the PD-1 expression of each 

subset at Day 1, 2 and 5.  

 

Dynabeads stimulated TILs were then assessed for cytotoxicity against patient-matched 

organoids in the presence and absence of an immune checkpoint inhibitor, anti-PD-1 

antibody (Pembrolizumab, MERCK). The use of anti-PD-1 antibody tracks with 

improved cytotoxicity of the high-PD1 expressing TILs in Patient #1, partially in Patient 

#2 but not Patient #3 (Figure 24). When the mean cytokine results were formulated 

among the three patients, anti-PD-1 antibody increases the production of IFN-γ with a 

mean of 172.1 pg/ml (95%CI -5.5 - 44) compared to the control, mean of 19.3 pg/ml 

(95%CI 74.1 - 270, p-value=0.003). A similar trend was documented with TNF-α 

production, with an increased concentration in the test wells of 16.4 pg/ml (95%CI 7.5 - 
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25.2) compared with a mean production of 4.8 pg/ml (95%CI 0.9 to 8.6) in the control 

wells. Individual cytokine results can be viewed in Figure 25. 

.  
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Figure 24: Check-point inhibitory antibodies can be evaluated on primary organoids with 

patient-matched TILs. TILs from three patients were hyper-stimulated with anti-CD3/CD28 

beads to increase their PD-1 expression, which was associated with reduced killing activity. 

Identically stimulated cells were subsequently treated with anti-PD1 antibodies. Re-addition of 

the anti-PD1 antibody treated TILs with patient-match rectal cancer organoids compared to 

maximally activated TILs  
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Figure 25:  Induction of PD-1 expression on TILs following activation with CD3/CD28 

beads. PD-1 expression is induced following activation for two days. TILs were then 

evaluated for production of interferon-y and TNF-α following incubation with anti-PD-

1 antibody in the presence of patient-matched rectal cancer organoids 
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Figure 26: FACs analysis of stimulated TILs by CD3/CD28 dynabeads of TS420, for NK 

(CD56+/CD8-), NKT (CD56+/CD8+), cytotoxic (CD3+/CD8+) and T helper 

(CD3+/CD4+) TILs. All TIL subsets demonstrate an increase in PD-1 expression from 

Day 1, 2 and 5  
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Synchronous Primary and Metastatic Rectal Cancer TILs Evaluation 

 

In a comparison of TIL function between primary and metastatic rectal cancer (mRC), 

an assay was performed measuring 10-15 organoids per well. There were two wells for 

each condition; which were patient-matched TILs with rectal cancer organoids 

compared to control (organoids only). Patient-matched rectal cancer (RC) TILs had a 

higher killing efficiency with a measured mean MFI of 24896 compared to mRC TILs, 

tracking a mean MFI of 17973. However, when anti-PD-1 antibody was introduced into 

both RC and mRC TILs, they had an equivalent killing efficiency on patient-matched 

tumours, documenting a mean MFI of 26531 and 26079 respectively (Figure 27A). The 

improvment in killing efficiency was statistically significant with a p-value=0.024 when 

compared to mRC TILs without anti-PD-1 antibody (Figure 27B). Although RC TILs did 

not show an improvement in the overall organoid death with the introduction of anti-

PD-1 antibody, it did show a modest rise in MFI from 2 to 25 hours, indicating quicker 

TIL-mediated tumour lysis. The improved in cytotoxic function for both RC and mRC 

TILs were further validated by a higher cytokine production of IFN-γ and TNF-α in 

conditions with anti-PD-1 antibody compared to none.  
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Figure 27 (a): An assessment of synchronous primary and metastatic rectal cancer TILs 

on primary rectal cancer organoids; graph plotting the MFI of primary rectal cancer 

organoids in the presence primary versis metastatic RC TILs, which showed primary RC 

TILs had a superior killing ability compared to mRC TILs. However, mRC TIL function 

was improved with the addition of anti-PD-1 antibody  
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Figure 27 (b):  This is a co-culture of primary RC organoids with patient-matched mRC 

TILs in the presence of anti-PD-1 antibody. At 48 hours, the MFI with the addition of 

anti-PD-1 antibody was higher compared to control, suggesting reinvigoration of TILs 

leading to higher tumour lysis 
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Discussion 

 

The data from this prospective observational study of the novel cytotoxic immune assay 

supports the hypothesis that measuring the function of patient-specific TILs has the 

potential to predict pCR in patients with locally advanced rectal cancer after 

neoadjuvant CRT.  Furthermore, FACS profiling and sorting of individual TILs 

confirmed CD8+ TILs were the primary mediators for organoid killing and in artificially 

stimulated highly expressing PD-1 TILs, introduction of anti-PD-1 inhibitor reinvigorate 

TILs-mediated organoid death.  

 

Hence, it may provide a platform for measuring the response to check-point inhibitors. 

All six patients who achieved a pCR were accurately stratified before surgery, with 100% 

concordance. To the best of my knowledge, this is the first study to date that has 

demonstrated the functional characterization of individual patient-specific TILs against 

matched primary or metastatic (to the liver) colorectal cancer cells. 

 

Histopathological Assessment of Tumour Response 

 

This study was constructed in a manner that ensured all eligible patients received 

standardised treatment without variation, including an interval time to surgery of at 

least 10 weeks (from the last dose of radiation).  This minimised any underlying bias that 
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a shorter time interval to pathological evaluation may have on the assessment of tumour 

response. An appropriate interval to surgery is critical because of the evidence that 

tumour regression is dependent on the length of time. In a retrospective review of 132 

patients with locally advanced rectal cancer treated with neoadjuvant CRT, they found 

an interval time to surgery of more than seven weeks doubles the pCR rate from 17% to 

35% when compared to less than seven weeks.222 Similar findings were acknowledged 

by other authors, such as Kalady et al. reporting a pCR rate of 31% for patients receiving 

surgery after eight weeks compared to 16% with shorter time interval and Zeng et al. 

reporting a pCR rate of 27.1% vs 15.3% with interval time of surgery beyond seven 

weeks.223,224  

 

Furthermore, a strict pathological assessment was performed by three independent 

blinded pathologists across the entire irradiated tumour bed to ensure consistency in 

reporting. This has facilitated a robust interrogation of the kinetics of TIL cytotoxicity 

against patient matched organoids without confounders. Therefore, the primary aim of 

this research was to predict pCR, hence the dichotomisation of outcome comparing to 

incomplete pathological response. Reasons for doing this are of two-folds; 1) there is 

currently no agreed consensus on the assessment of partial and no response and 2) 

currently there is an alternate pathway (“watch and wait”) in those who are deemed to 

have pCR using the surrogate marker cCR. With this study, pCR depends on no tumour 

cells identified in both tumour bed and lymph nodes, eliminating any ambiguity in 

assessment.  This was clearly demonstrated by three independent gastrointestinal 

pathologists obtaining a 100% concordance and a robust guideline from the Anatomical 
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Pathology Department at Peter MacCallum Cancer Centre, for which if no tumours were 

identified, the whole specimen must be examined to confirm its absence.  

 

Nonetheless the assessment of partial and no response was a subject of inter-observer 

variability as shown in Table 21. Poor concordance is a common problem, and well 

documented throughout the literature.156 In a comprehensive assessment of tumour 

regression grade encompassing Mandard, Dworak and modified Ryan, the authors 

interrogated the rate of concordance amongst gastrointestinal pathologists in their 

institution. They concluded that there was little concordance across all three grading 

systems, with Kappa values of 0.28, 0.35 and 0.38, respectively. This translated to 1 in 10 

histopathology specimens having a unanimous grading concordance for the modified 

Ryan tumour regression grade.225 

 

The difficulty with the assessment of tumour regression grade lies with the need to 

gauge the degree of fibrosis, the displacement of epithelium, and misinterpretation of 

acellular mucin.226,227 Furthermore, with multiple tumour regression grade 

classifications currently in clinical usage, it hinders a standardised approach in the 

assessment of response to neoadjuvant CRT for locally advanced rectal cancer. A 

multicentre task force is required to develop an agreed worldwide tumour regression 

grade, because predicting no response is of clinical utility, with the potential of avoiding 

the harmful and uncomfortable side effects of chemoradiation. Furthermore, this subset 
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of patients has the worse prognosis, with limited therapeutic options left for improving 

tumour response, or disease recurrence.  

 

The Novel Immune Cytotoxic Assay 

 

The advantage of an organoid model is based on the resemblance to the original tumour 

in terms of tissue architecture, genetic mutations and maintenance of heterogeneity.228  

The inclusion of TILs in this model enables the recreation of a surrogate tumour 

microenvironment that more closely recapitulates the original patient tumour.  

Consequently, individualised TIL function can be measured, which represents the 

immune recognition of patient-specific tumour-associated antigens and effective 

cytotoxicity of TILs specific to a patient’s tumour.  Of greatest importance is the rapid 

establishment of patient-matched organoids and TILs within a clinically relevant 

timeline (3-4 weeks of patient biopsy) this leading this assay to multiple applications. 

 

Extensive phenotypic characterization of TILs for rectal cancer has been previously 

undertaken, identifying CD8+ve TILs as a key arbiter of good tumour regression 

grade.117-122,181 However, quantification of TILs is limited by an inability to predict 

response accurately whereby treatment decisions might be altered for the 

individual.117,121  This study advances upon the phenotypic characterization to include a 

functional aspect, reaffirming that CD8+ve TILs are the predominant T cell subset 

responsible for tumour cytotoxicity.  
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The functionality of CD8+ve TILs was proven to be a robust biomarker of response to 

neoadjuvant CRT for individual rectal cancer patients. Consequently, a high TIL density 

alone does not always equate to TIL-mediated tumour cell death or the achievement of 

a good tumour response to treatment. Importantly, the assay employs the same ratio of 

TILs to target cells across all samples, reinforcing the point that TIL number alone does 

not predict response.  

 

Another advantage of using whole TILs is the assessment of CD8+ TILs in the presence 

of other adaptive immune cells, such CD4+, CD56+/CD8+, and CD4+/FoxP3+ TILs that 

has also been exposed to the patient’s tumour-associated antigen. This is crucial when 

assessing the cytotoxicity of CD8+ TILs as there will be a magnitude of immune 

suppressors, such as Th2+ and FoxP3+ TILs in the parent tumour environment that can 

suppress cytotoxic activity.89,97 Although there is a small proportional shift in the T cell 

subsets (shown in Table 22), it did not influence the prediction of pCR. This is likely due 

to the construct of the assay, which was to measure the function of CD8+ TILs and does 

not rely on the quantity of immune suppressors to influence the function of other TILs. 

 

Moreover the generation of TILs under the influence of tumour pieces maintains 

cytotoxic function as shown in multiple tumour types, including melanoma, pancreatic 

cancer and renal cell cancer.208,229,230 However there is a limitation on the duration of 

expansion, exemplified by Janelle et al. with an experiment comparing TILs co-cultured 

for 21 and 28 days. They found prolonged expansion for an additional week (to 28 days) 
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increases the PD-1 and KLRG-1 expression in CD8+ TILs by 6-7 fold compared to co-

culture of 21 days, indicative of exhaustion phenotype.231  

 

In this study, immune cytotoxic assays were preferentially performed within three 

weeks of co-culture, and tracks with the low PD-1 expression as displayed in Table 22. 

This has allowed for an accurate assessment of CD8+ TIL function. Furthermore, a strict 

adherence to study protocol was performed, including capturing only organoids that 

were <100 μm from the edge of the Matrigel. A critical observation during the 

optimisation of the assay was the variability in the speed of TIL migration through the 

Matrigel.  

 

As for the FACs sorting data to separate the TIL subsets, CD8+ TILs were the 

predominant TIL-mediated tumour lysis, compared to NKT (CD56+/CD8+) and NK 

(CD56+/CD8-) cells. This is consistent with findings from Galon and his team.114 More 

compelling were results from two patients (patient code GE153 and RH211) 

demonstrating CD8+ TILs performed better in isolation compared to the pooled (not 

sorted) TIL population, suggesting some degree of immune-inhibitory effects. One 

explanation is the immune suppressing effects by T regulatory (CD4+/FoxP3+) cells,96 

as the ratio of CD8+ to T regulatory cells was highest in A0623 with a ratio of 56.6 

compared to GE153 (ratio 29.7) and RH211 (ratio 8.2).  Therefore, in the setting of AO623 

immune cytotoxic assay, there is a reduction in the inhibition of CD8+ TILs by T 
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regulatory cells with the added effects of Th cells promoting cytotoxicity. This requires 

further characterisation before any firm conclusion can be drawn.  

 

There are concerns that the immune cytotoxic assay is not a true representation of 

individual tumour microenvironment. As mentioned previously, CD8+ TILs were 

preferentially expanded using IL-2 neglecting other cells such as B lymphocytes, 

myeloid cells, cancer-associated fibroblasts, vascular endothelial cells, mesenchymal 

stem cells, adipocytes and pericytes.232 In particular myeloid cells that are known to be 

immune suppressors and cancer-associated fibroblasts that are situated in the invasive 

margin of the tumour to produce tumour-promoting growth factors.233  Hence, these 

cell types may hamper TIL cytotoxic function making this assay an inaccurate 

assessment for the prediction of pCR. 

 

In addition, neoadjuvant CRT was not administered into the culture. Both radiotherapy 

and fluorouracil-based therapy can induced lymphocyte apoptosis and changed the 

genetic construct of a tumour including rectal cancer.234,235 These therapies will cause 

the tumours to become more immunogenic, promoting TIL expansion, migration and 

target cell death. These require further clarification before such an immune cytotoxic 

assay can be used to dictate patient treatment pathway. 
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Other Methods for Measuring TIL Function  

 

The most common and widely used in vitro immune cytotoxic assay for quantification 

is the chromium (51Cr) release assay.236 51Cr is a synthetic radioisotope that emits gamma 

ray and has the inherent property of binding to cellular proteins. The concept relies on 

loading target cells (eg. organoids) with 51Cr through an incubation period and a series 

of washes and conducting a cytotoxic experiment in which effector cells (such as CD8+ 

TILs) can disrupt cell membrane integrity releasing radioactive bound protein 

substances into the surrounding supernatant. The supernatant is then measured for the 

level of radioactivity correlating to the degree of killing.237 The 51Cr release assay has 

proven to be a reliable and reproducible test for the analysis of rapid target cell lysis 

occurring within four hours, in which beyond this timeframe will lead to spontaneous 

release of 51Cr giving a false positive result. Furthermore, like many of the currently 

available proliferative assays in the market (  
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Table 23), the 51Cr release assay does not allow the evaluation of a distinct target cell 

type (not specific to the death or viability of the intended cell of interest) within the 

target cell population.87 Both the CellTitre-Glo 3D cell viability assay and MTT assay 

were trialled, and because both assays measure the metabolic activity (from ATP 

production) in the supernatant, it was unable to differentiate between organoids and 

TILs.  
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Table 23: Types of cell proliferative/cytotoxic assays 

 

Name of Assay Company Measurement 

51Cr Release Assay - Gamma emission radiation 

CellTitre-Glo 3D Cell Viability 

Assay 

Promega Luciferase catalyses the 

oxygenation of luciferin using 

ATP and oxygen to emit light 

MTT (3-(4,5-

dimethylthiazolyl-2)-

2,5diphenyltetrazoium 

bromide) Proliferation Assay 

ATCC Reduction of tetrazolium MTT by 

metabolically active cells 

 

For these reasons, a fluorescence microscopy based assay is the ideal platform to gauge 

the function of CD8+ TILs.238 As a result, the kinetics of TIL killing can be visualised and 

quantified over time. It allows the assessor to gauge specific cell lysis, as observed in the 

no response to neoadjuvant CRT group, in which the TILs could only suppress the 

growth of all the organoids but not lysed tumour cells. Another important observation 

is the death of TILs around the periphery of the organoids, suggesting factors associated 

with tumour immune tolerance such as Fas-FasL initiated apoptosis,239 enzymes that 

regulate the activity of amino acid (such as indoleamine 2,3-dioxygenase which catalyses 

the degradation of tryptophan and the production of metabolites that mediate 
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immunosuppression),240,241 and induction of nitric oxide synthase for the degradation of 

L-arginine to nitric oxide.242 

 

Furthermore, each cell type can be stained with a specific colour fluorescence, as shown 

in as shown in Figure 13; in which an organoid was stained with Hoecht (blue) and 

during organoid apoptosis, changing the fluorescence emission from blue to green. 

Similarly, TILs were stained with Syto11, a green fluorescence dye, (data not shown as it 

is a video presentation) to assess homing to target organoids before initiation of 

apoptosis followed by complete cell death. Staining each cell type with a different dye 

allows specific observation and quantification of cell lysis. 

 

Potential Clinical Significance of an Immune Cytotoxic Assay 

 

“Watch and Wait” Strategy 

 

With an increasing number of trials assessing the safety of a “watch and wait” approach 

for patients with locally advanced rectal cancer, this study addresses the gap in the 

clinical decision making process for this cohort.243 The key issue currently surrounds a 

significant proportion of patients is the risk of developing local regrowth due to the lack 

of a robust pre-treatment test to guide accurate patient selection.28,40,216,244-246 Extensive 

research to identify novel biomarkers for the prediction of pCR has included the use of 
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restaging pelvic MRI or PET/CT as an adjunct to clinical assessment.  Reported MRI 

sensitivity and specificity is 53% and 97% respectively52 with a PET/CT accuracy of 

91%.63 Although this demonstrates a reasonable correlation, other studies have failed to 

show similar results.40,245,246  

 

An extension to the MRI assessment is a newly developed mrTRG, with a reported 

sensitivity of 94% (95% CI 0.74-0.99) for the prediction of complete and near complete 

pathological response.  The major limitation is the inclusion of near complete response 

instead of pCR alone.54 Consequently, with limited accuracy in current imaging 

modalities, CD8+ TIL function has the potential to bring personalised medicine to the 

fore in the treatment of rectal cancer, by facilitating patient selection for the “watch and 

wait” protocol.36 

 

Potential Pre-Clinical Model for Cancer Immune Biology 

 

The ability to improve our understanding of the interactions in the tumour 

microenvironment is facilitated by this assay, offering insight into the immunoediting 

process of individual tumours, and acting as a platform to assess the efficacy of immune 

and targeted therapies.112 By measuring the functionality of TILs, we introduced a 

further important element of the tumour microenvironment that addresses cytotoxic 

competence. The success of Cetuximab (an epidermal growth factor receptor inhibitory 

antibody) in mediating tumour regression relies upon the function of cytotoxic T 
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cells,247 demonstrating the importance of assessing the impact of the drug on the 

immune axis of tumour control rather than the tumour cells alone. With immuno-

modulatory agents in clinical use, this assay provides another dimension for assessing 

its function, role in tumour control and the often-complex effects of novel therapeutics. 

 

High Throughput Drug Screen that Includes Immunotherapy 

 

In this regard, Hans Clevers’s laboratory has established a colorectal cancer biobank for 

individualised targeted treatment using organoids as a platform to assess drug 

efficacy.204 This thesis has added another dimension, by utilising patient-matched TILs, 

an assessment of immunotherapy efficacy can be performed. Immunotherapy is a 

treatment that enhances the host immune system to mediate tumour lysis. The main 

types of immunotherapy currently in clinical use are; check-point inhibitors (anti-PD-1 

and anti-CTLA-4 antibody), cancer vaccines, adoptive T cell therapy and non-specific 

immunotherapies (IL-2 and IFN-γ).  

 

Immunotherapy has revolutionised the treatment of multiple advanced metastatic 

cancers with high mutational burden such as melanoma, lung cancer and renal cell 

cancer.218 As such, it has been successful in MSI-H colorectal cancer which is known to 

have high somatic mutation.145 However, for stable and low mutational load cancers, it 

has not shown a similar efficacy.219 This can be attributed to an inability to predict and 

select appropriate patients for immunotherapy.220 Efforts to characterise TILs subsets 
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and location, including receptor and ligand expression by immunohistochemistry has 

had low yield in predicting response to immunotherapy.221 

 

Hence, the successful introduction of an anti-PD-1 antibody into the assay to 

demonstrate improved anti-tumour cytotoxicity is an important advance towards the 

stratification and selection of patients for check-point inhibitor therapy. This is in spite 

of the fact that check-point inhibitors have had limited clinical success in rectal cancer 

outside of microsatellite-high tumours. Our results demonstrated that TILs expressing 

low levels of PD-1 were effective in killing matched rectal cancer organoids in certain 

patients (incomplete responders), while their activation with the commensurate 

induction of PD-1 expression led to impaired cytotoxicity. The addition of an anti-PD-1 

antibody into this setting, partially rescued killing activity. This finding has led to a 

number of successful collaborations to utilise the assay as a platform to predict response 

to vaccination protocols in recurrent rectal cancer (Targovax Trial – RAS vaccine 

therapy, Clinical Trials Identifier: NCT02933944) and anti-PDL1 blockade in 

neoadjuvant CRT for locally advanced rectal cancer. 

 

Limitations 

 

Despite the compelling findings of this study, there are limitations. Although this is a 

highly predictive biomarker, the sample size was small. An established joint 

international collaboration will work towards strengthening the power and global 
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applicability of this personalised cytotoxic assay by way of external validation in an 

expanded cohort. Another drawback was the steep learning curve at the start of the 

study, compounded by inadequate biopsy samples or tumours with a significant 

necrotic component, leading to the failure to establish organoids in 10 patients. 

Infection was another limiting factor, which was overcome by antibiotic coverage for 

colonic microbial content. With experience and the implementation of these steps, the 

overall failure to expand in vitro models was 1 out of every 8 patients. Finally, the 

fluorescence dye can photobleached and is directly related to the amount and intensity 

of light exposure. Consequently, this can affect the measurement of these dyes, and the 

risk of photobleaching was minimised by decreasing both intensity and capturing 

images at the shortest time interval. 

 

Conclusion 

 

In conclusion, measuring the patient specific cytotoxicity of TILs was highly predictive 

of pCR to neoadjuvant CRT in locally advanced rectal cancer. This pre-treatment 

biomarker has the potential to influence rectal cancer patient management decisions 

by improving the accuracy of patient selection for a “watch and wait” protocol, bringing 

personalised medicine to the fore. Furthermore, it is a powerful tool for the 

investigation of new therapeutics, being the first assay of its kind to assist in assessing 

the functional effectiveness of CPIs.  
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Chapter 7 Summary 

 

There has been a strong focus in advancing personalised therapy for cancer patients, 

including colorectal cancer. Personalised medicine allows the treating physician to 

appropriately select patients to a specific treatment pathway reducing patient 

morbidity, hospital burden, and improving overall outcomes for a patient. In this study, 

a subset of rectal cancer patients with Stage II-III disease were selected to identify 

methods or a novel biomarker to improve the prediction of pCR for “watch and wait” 

approach.40 

  

The ”watch and wait” approach for the treatment of locally advanced rectal cancer is a 

new concept first reported by Dr Angelita Habr-Gama and colleagues in 2004.27 It brings 

the concept of avoiding surgery after neoadjuvant CRT, eliminating the risk of surgical 

related complications including death in a third of these patients. The limiting factor to 

this unconventional approach is the inability to predict pCR accurately with the current 

clinical modalities, with a real risk of tumour regrowth of approximately 30%.36 This 

brings this study to the pertinent question of identifying a potential biomarker that can 

fill the current clinical void for predicting pCR in “watch and wait” approach.  

 

Parallel with Habr-Gama’s rectal preservation approach, was an increasing recognition 

that a patient’s adaptive immune system plays an important role in tumour progression, 

with evident clinical correlation of long-term survival114 and subsequent potential 
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prediction of response to neoadjuvant CRT in locally advanced rectal cancer.117 

However, in a meta-analysis (Chapter 3) assessing a number of research questions, 

found that none of the authors specifically address the prediction of pCR, instead 

focusing on good responders (inclusive of patients with partial response).117-122,181  

 

Nonetheless the meta-analysis validated the importance of cytotoxic (CD8+) T cells in 

rectal cancer patients and affirmed the need to re-assess methods to improve the 

prediction of pCR by IHC detection of immune cells. To address this, multispectral IHC 

was interrogated (Chapter 4), with the thought that co-staining multiple immune 

markers in a single tissue section may better represent the tumour microenvironment, 

and the dynamics of TIL movement, indicative of TIL function by density and location.  

 

The balance between pro- (Th2 and T regulatory cells) and anti-tumourigenic (NK, NKT 

and cytotoxic T cells) effects by immune cells  play a crucial role in tumour progression 

and response.187 Therefore, by staining all the TIL subsets in a single specimen, it may 

give assessors an indirect correlation of TIL function within tumour microenvironment 

to better predict pCR before neoadjuvant CRT by taking into account; i) densities of 

pro- versus anti-tumourogenic TIL population, and ii) the location – CT and stromal 

region. Although high density CD8+ and CD4+/FoxP3+ correlated with pCR, these were 

also identified in most patients that did not have any tumour response to neoadjuvant 

CRT. 
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This observation suggests that high CD8+ T cell density and their location does not 

mean they are able to cause anti-tumourogenic effect. This led to the hypothesis that 

direct measurement of CD8+ T cell killing can better improve the prediction of pCR in 

locally advanced rectal cancer patients (Chapter 5 and 6). Consequently, a new novel 

immune cytotoxic assay was developed to measure individual patient cytotoxic T cell 

function against their own rectal cancer organoid derived from pre-treatment biopsy.  

 

Finally, in a small pilot study of 17 patients demonstrated that this assay has the 

potential to increase the accuracy of predicting pCR in a clinically attainable timeline of 

4-6 weeks. This is parallel with the current treatment pathway for locally advanced 

rectal cancer as patients will require five weeks of long-course CRT followed by an 

interval time to surgery of at least eight weeks. Furthermore, this is the first assay that 

demonstrated direct improvement of cytotoxic T cell function with the addition of a 

check-point inhibitor (anti-PD-1 antibody) compared to indirect correlation of TIL 

function by FACs and cytokine release (IFN-γ and TNF-α). This makes the assay a 

powerful pre-clinical tool not only for the prediction of current therapy but also 

immunotherapy including cancer vaccination therapy.  

 

Continuing this research is a larger validation cohort from a multicentre prospective 

study (local and international hospitals) that is currently underway. The intention is to 

recruit 105 patients; based on a pCR rate of 20%, power calculation of 20% (Type II error) 

and p-value of 0.05 (Type I error) to achieve an area under the receiver operating 
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characteristics of ≥ 0.95.248 Concurrently are several immunotherapy Phase II clinical 

trials such as; 

i) Phase II Targovax Clinical Trial – a RAS-peptide cancer vaccine in the 

setting of recurrent (local and metastatic) rectal cancer   

ii) MYPHISMO cancer vaccine trial – a TetMyb DNA vaccine being 

developed in Professor Ramsay’s laboratory to be conducted as a Phase 

I clinical trial in patients with locally advanced rectal cancer 

iii) Phase II anti-PD-L1 antibody trial – the first immunotherapy clinical 

trial conducted for primary locally advanced rectal cancer in the 

neoadjuvant setting 

 

Funding from pharmaceutical and government funding bodies was obtained, based on 

this immune cytotoxic assay, to explore its pre-clinical utility and the potential to 

identify novel pathways to TIL anergy. However, before this assay can be implemented 

in real-time clinical setting, there are a number of optimisation and validation steps that 

will be required to ensure its precision and reproducibility. One of the confounders will 

be the sub-optimal microscopy condition during each experiment, followed by a 

potential for photobleaching. These factors can be overcome by building a specialised 

microscope for the purpose of performing an immune cytotoxic assay and prolonging 

the time interval for taking images. But before such a considerable investment can be 

put forward, the validity of the assay needs to be ascertained.  
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In conclusion, this study has successfully developed an individualised immune cytotoxic 

assay that has many potentials, and one of the immediate possibilities is the prediction 

of pCR for locally advanced rectal cancer after neoadjuvant CRT. This assay provides an 

exciting innovative approach to assessing TIL anergy for colorectal cancer and hopefully 

may provide novel therapies to improve patient outcomes in the near future.  
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Chapter 9 Appendix A 

 

Supplementary Report for Chapter 2 

 

Table 2.1: A concise search was performed based on specific key words and the 

combinations of steps performed to derive the list of abstracts and titles for review 

before full text review. 

 

Steps Key words No. of studies 

1 Rectal cancer or neoplasm 46018 

2 Complete response or tumour regression grade 109277 

3 Neoadjuvant therapy or chemoradiotherapy 50833 

4 2 and 3 4946 

5 1 and 4 579 

6 After title and abstract screening; number of studies for 

full text review 

58 

7 Additional studies selected from full text review from 

step 7 

9 

8 Total number of studies for full text review 67 
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Inclusion and exclusion criteria 

 

Inclusion criteria: 

 

1. Pathological complete response defined as no viable tumour identified on 

surgical specimen 

2. Comparison of pCR with partial and/or non-responding tumours 

 

Exclusion criteria: 

 

1. Patients <30 

2. Studies including Stage IV rectal cancer 

3. Studies assessing the safety and efficacy of novel neoadjuvant drugs 

4. Studies without long-term outcomes or estimated risk ratio over time  
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Table 2.2: Reasons for study exclusion 

 

Exclusion No. of 

studies 

Assessing the safety and efficacy of new neoadjuvant modality and 

pCR was the only outcome measured 

14 

No or unrelated comparison to this study was performed 9 

Assessing the time interval from completion neoadjuvant CRT to 

surgery and the rate of pCR 

5 

Assessing the effects of neoadjuvant CRT and surgical/medical 

complications 

5 

Non-operative management of locally advanced rectal cancer after 

neoadjuvant CRT 

2 

Patients < 30 1 

Trial design and rational 1 

Patterns of failure for locally advanced rectal cancer 1 

Others (duplicates, no survival data or risk ratios, abstract, editorial) 12 

Total 50 
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Table 2.3: Newcastle-Ottawa Scale assessing quality of each study 

Author and Year Selection Comparability Outcome Total 

de Felice 2016 3 2 3 8 

Wilkins 2016 3 2 2 7 

McCoy 2015 3 2 3 8 

Wasmuth 2015 3 2 3 8 

Fokas 2014 3 2 3 8 

Abdul-Jalil 2013 3 2 2 7 

Agawal 2013 3 2 3 8 

Santos 2013 3 2 3 8 

Park 2012 3 2 3 8 

de Campos-Lobato 2011 3 2 3 8 

Topova 2011 3 1 2 6 

Hong 2010 3 1 3 7 

Kim 2010 3 2 3 8 

Losi 2006 3 1 2 6 

Shivnani 2006 3 2 3 8 

Chan 2005 3 1 3 7 

Ruo 2002 3 2 2 7 
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Supplementary Report for Chapter 3 

 

Table 3.1: Keywords and search strategy for identifying relevant studies 

 

Search 

sequence 

Search Terms No. of 

abstracts 

1 

Immunology, tumour infiltrating lymphocytes, 

cytotoxic cells, helper-induced cells, regulatory cells, 

CD8, CD4, FoxP3 

537017 

2 Colon neoplasm or cancer 89322 

3 Rectal neoplasm or cancer 43930 

4 Metastatic neoplasm or cancer 254623 

5 1, 2 and limits 

11303 

6 1, 2, 3 and limits 

7 Full text review 106 
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Table 3.2: Reasons for excluding the study 

 

Exclusion Number of articles 

Patients < 30 2 

No outcome data 2 

Analysis without IHC 7 

Analysis of MSI only 7 

Duplicates 9 

Letters and correspondence 11 

Genomic analysis 14 

Functional T cell study with FACs 27 

Others 2 
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Table 3.3: Definitions of each T cell subset 

 

T cell type Definitions and function 

CD3+ve  Generalised T cell marker 

CD8+ve Cytotoxic T cell that suppresses tumour 

formation 

CD4+ve Helper-induced T cell 

Th-1: Secretes cytokines that promotes 

tumour inhibition 

Th-2: Secretes cytokines that promotes 

inflammation and tumour formation 

Th-17: Secretes cytokines that promotes 

T regulatory formation 

T regulatory (FoxP3+ve)  Suppresses cytotoxic immune cell 

activity 
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Table 3.4: Assessment of TILs by immunohistochemistry 

Author and Year 
No of 

investigators Blinded Location Methods Definitions 

Flaherty 2016 1 Yes IM, CT As per Galon et al. As per Galon et al. 

Richards 2014 2 Yes IE, IM, Stroma NR NR 

Ling 2014 1 NR IM, CT, IE 40x Areas identified as most representative 

    IM Stromal area along IM by a depth of two high-power fields 

    CT 
Stromal area within the tumour mass between and clearly separated from the luminal 

border and the invasive front 

    IE Lymphocytes located within tumour cell nests 

        MSI Lack of nuclear staining - MLH1, MSH2, MSH6, PSM2 

Yoon 2012 2 Yes IE, Stroma 20x Within tumour cell nests or directly contacting a tumour cell 

    IE Dichotomised to low and high 

    Stroma  

        Median  

Deschoolmeester 2010 2 NR IM, IE, Stroma 10x Select five visual fields of most abundant distribution at 400 x magnification 

    IM  

    IE  

        Stroma   

Frey 2010 NR NR CT 40x NR 

            

Lee 2010 1 Yes IE, stroma 400X Select five fields of most abundant TILs 

          Computerised image analysis 

Sinicrope 2009 2 Yes Tumour core 10x Area of high TILs 

Suzuki 2009 1 Yes IE 400x 10 areas with most abundant TIL was selected 

Salama 2009 1 Yes No 40x Random TMA core from 2 sites and 1 of normal tissue 

Galon 2006 NR NR CT, IM NR NR 

Menon 2004 NR Yes IM, IE, Stroma 200x 
Total surface area 38 mm2 was observed for TILs located in IE in 25 different tumour 

fields of the tissue section 
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Chiba 2004 2 Yes IE 200x Identify three areas of most abundant TILs to count 

        IE Located within cancer cell nests 

Prall 2004 NR NR IE  TMA formed, deep invasive margin of the tumour with 3 punched biopsies 

        IE Intratumoural lymphocytes was determined by morphometric method 

Naito 1998 NR NR IE, IM, Stroma 200x No descriptive definitions 

    IE Area of most abundant TILs were selected 

    IM  

        Stroma   

NR – not reported, IE – intraepithelial, IM – invasive margin, CT – centre of tumour 
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Supplementary Report for Chapter 6 

Table 6.1: The rate of organoid and TILs cultivation over the study period 

Patient 
Organoids and 

TILs 
Date of 
biopsy Notes 

1 0 5/11/2015 Incubator malfunction 
2 1 9/11/2015 Included into study 
3 0 16/11/2015 Incubator malfunction 
4 0 30/11/2015 Incubator malfunction 
5 0 4/12/2015 Incubator malfunction 
6 0 9/12/2015 Incubator malfunction 
7 0 05/01/2016 Incubator malfunction 
8 0 05/01/2016 Incubator malfunction 
9 1 25/01/2016 Included into study 
10 0 22/02/2016 Infection 
11 0 1/03/2016 Infection 
12 0 15/03/2016 Failed TILs cultivation 
13 1 26/04/2016 Included into study 
14 0 26/04/2016 Failed TILs cultivation 
15 1 24/05/2016 Included into study 
16 1 30/05/2016 Included into study 
17 1 24/05/2016 Included into study 
18 0 10/06/2016 Failed organoid cultivation 
19 1 24/06/2016 Included into study 
20 1 11/07/2016 Included into study 
21 1 21/07/2016 Included into study 
22 1 22/07/2016 Included into study 
23 1 25/07/2016 Included into study 
24 1 8/08/2016 Included into study 
25 1 8/08/2016 Progressed to liver metastasis 
26 0 8/08/2016 Infection 
27 1 12/08/2016 Staging had liver metastasis 
28 1 12/08/2016 Did not tolerate long course CRT 
29 1 15/09/2016 Included into study 
30 1 23/01/2017 Immediate surgery 
31 1 25/01/2017 Included into study 
32 1 29/01/2017 Included into study 
33 0 3/02/2017 Infection 
34 1 5/02/2017 Immediate surgery 
35 1 22/02/2017 Progressed to paraortic LN 
36 1 24/02/2017 Staging had liver metastasis 
37 1 1/03/2017 Included into study 
38 1 1/03/2017 Included into study 

 


