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Abstract

Objective: To quantify the burden of cancer in systemic sclerosis (SSc).

Methods=Standardized incidence ratios (SIR) and mortality ratios (SMR) relative to the
general Australian population were derived. Cox proportional hazards regression was
used torestimate survival in SSc patients with cancer compared to those without.
Determintants of cancer were identified using logistic regression. Healthcare cost was

quantified through cross-jurisicational data linkage.

Results#This,SSc cohort of 1,727 had cancer incidence of 1.3% per annum and
prevaleneesof 14.2%, with SIR of 2.15 (93%CI 1.84-2.49). The most common cancers
were bteast, melanoma, hematological and lung. RNAP III antibody was associated with
increased risk of cancer (OR 2.9. p=0.044), diagnosed within five years of SSc disease
onset. Calcium channel blockers were associated with a higher risk of overall cancer (OR
1.47,p=0.016), breast cancer (OR 1.61, p=0.051) and melanoma (OR 2.01, p=0.042).
Interstitiallung disease (ILD) was associated with lung cancer (OR 2.83, p=0.031).
Incident'SS¢ cancer patients had more than a two-fold increased mortality compared to
SSc patients without cancer [HR 2.85 (95%CI 1.51-5.37), p=0.001). SSc cancer patients
utilized more healthcare than those without cancer with an excess annual healthcare cost

of AUD$1,496 (p<0.001).
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Conclusion: SSc carries an increased risk of developing cancer, particularly lung cancer
associated with ILD, and breast cancer and melanoma occurring close to SSc disease
onset in association with RNAP III antibodies. Compared to those without cancer, SSc
cancer patients had higher mortality and increased healthcare cost with an annual excess

per patient cost of AUDS$1,496 (p<0.001).

Significance and Innovation

The risk of cancer in Australian systemic sclerosis (SSc) patients is more than two
foldshigher than age- and sex- matched Australian population peers [standardised
incidence ratio (SIR) 2.15 (93%CI 1.84-2.49)].

Within five years of SSc onset, there is an increased risk of breast cancer and
melanoma [SIR 3.07 (95%CI 1.47-5.64) and SIR 3.40 (95%CI 1.10-7.93)
respectively], whilst the risk of lung cancer is increased regardless disease duration
[SIR"3:07 (95%CI 1.21-3.44)].

SScpatients with cancer have a higher all-cause mortality than the Australian
population [SMR 3.13 (95%CI 2.39-4.02)] and higher than SSc patients without
cancer [SMR 2.19 (95%CI 1.87-2.54)].

RNAP III antibody is associated with increased risk of cancer (OR 2.9. p=0.044),
diagnosed within five years of SSc disease onset.

SScseancer patients utilize more healthcare than those without cancer, with an excess

annualhealthcare cost of AUD$1,496 (p<0.001).

Introduction
Australiathas one of the highest reported prevalences of systemic sclerosis (SSc), an
autoimmune connective tissue disease characterized by vasculopathy and fibrosis [1].

Due to the progressive multi-organ nature of SSc and the lack of effective therapies,
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morbidity and mortality are high with an age- and sex-matched standardized mortality
ratio (SMR) of 4.06 for newly diagnosed SSc patients and 3.39 for prevalent disease [2].
Pulmonary arterial hypertension (PAH) and interstitial lung disease (ILD), are the leading
causes of SSc-related death while cancer is the leading cause of death not directly related
to SSc, aeeounting for 38.2% of deaths [2]. With emergent therapies and improved
survivahin PAH and ILD, cancer is becoming an increasing concern for clinicians and

patient§alike:

Some series have documented an increased risk of cancer in individuals with SSc
compated with the general population, in particular an increased risk of lung, breast and
hematological malignancies [3-6]. This association is thought to be driven by fibrosis,
chronic inflammation and B-cell stimulation, in addition to SSc-specific genetic factors,
environmental factors, the use of immunosuppressive therapies and cancer driven
autoimmunity, particularly in certain autoantibody profiles, [6, 7]. Identifying those
individwals'with SSc who are at increased risk of cancer is challenging, with conflicting
results. A recent study of American SSc patients postulated that increased cancer risk
may besdetermined by the SSc disease subtype (limited or diffuse), the SSc-specific
autoantibody profile, and time since the first SSc clinical manifestation (either Raynaud
or non-Raynaud) [8]. These findings are yet to be replicated in other SSc cohorts. Hence,
there are no recommended cancer screening guidelines to inform clinicians caring for SSc
patientsgnordefinitive high-risk profiles to aid in identifying those patients at heightened
cancer riskeFurthermore, the financial burden associated with health service utilisation in
SSc patients with cancer has not been quantified nor has the impact of cancer on the SSc

patient’s already reduced health related quality of life (HRQoL)[9].

Arguably, the risk of cancer is best explored through large population-based cohort
studies linked with cancer registries to ensure that all diagnosed cancers and their exact
location are,captured accurately and reliably. These databases contain information on the
utilization and associated costs of inpatient and outpatient treatment in public hospitals
and ambulatory care settings [10]. Therefore, we sought to quantify the true ‘burden’ of

cancer in Australian SSc patients by means of a data linkage study, examining its
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epidemiology, health service utilization and associated cost, in addition to its impact on

HRQoL and survival.

Australia is an ideal country to evaluate the burden of cancer as all Australian states are
required.by.law to register all cancer diagnoses to their affiliated state-based cancer
registryrand.all citizens and permanent residents have access to public healthcare
providédby a universal public health insurance scheme whose data are stored within

state-based"databases.

Methods

Consecutive'SSc patients prospectively enrolled in the Australian Scleroderma Cohort
Study (ASCS), a multi-center study of risk and prognostic factors for clinically important
outcomes in SSc, were included. The ASCS database contains comprehensive
demographic, disease-related and medication use data that are collected annually. Written
consentrwasiobtained from all patients at recruitment and ethical approval was obtained

from all'participating hospitals.

Inclusien"and exclusion criteria

We included all adult (>18 years) SSc patients recruited between January 2008 (ASCS
cohort mmception) and December 2015 (the most recent date for which cancer registry and
health sefvice utilization data are available). All patients fulfilled the American College

of Rheumatology / European League Against Rheumatism Classification criteria for SSc

[11].

Data Linkage

Cancer,diagnosis and healthcare utilization were captured by means of data linkage.
Throughsthe Australian Institute of Heath and Welfare (AIHW), the ASCS database of
de-identified SSc patients’ demographic information, disease-related data, medication
and HRQoL data were merged with the respective state cancer registry, hospital
admission database, emergency department (ED) database, and the Medical Benefit

Schedule (MBS), thereby capturing all cancer diagnoses, hospital admissions, ED
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presentations and ambulatory care use. All de-identified merged data were stored and
analyzed within the Secure Unified Research Environment (SURE), which is a remote-

access secure computing environment allowing researchers to analyze linked data.

Cancer Registry data

The ASES dataset was linked with state based cancer registries for all cancers diagnosed
to 201 5"inclusive. For calculation of the standardized incidence ratio, incident cancers
diagnosedbetween 2008-2015 were included due to the availability of Australian cancer
epidemiology statistics. Each registry contains data on the type of cancer (site,
morphologysgrade and behavior) and cancer diagnosis year. All cancers except non-

melanoma skin cancers were included in the data analysis.

Healthcare utilization

Hospital.admission and ED presentation databases contain information on the primary
diagnosisiand/or procedure, in addition to unique state-based variables required to
estimate'thesfinancial cost to the government. The MBS lists the ambulatory care services
for whieh,a government-funded payment can be claimed [12] such as medical or allied
health.viSits, pathology and imaging. Every MBS-listed service is assigned a ‘schedule
fee’, an amount the government considers appropriate for the service and a ‘benefit
payablefee’, that is approximately 75-85% of the schedule fee which the government

contributes:

Medication data

Medication utilization was determined from the ASCS database, wherein detailed
medication.use data are recorded at each visit for all patients enrolled. Extended time on
therapy.was.defined as >2 consecutive years on therapy or >50% of the patient’s follow-

up time.if follow-up was <2years.

Costing methodology

Healthcare cost
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Every hospital admission and ED presentation is allocated a Diagnosis Related Grouping
(DRG), an Urgency Related Grouping (URG) and an associated weighted unit, which
incorporates the expected costs of investigations and medications for that condition in a
hospital setting. Cost was calculated based on financial year of admission and the
corresponding weighted value. Ambulatory care cost was calculated using the total MBS

‘benefitipayable fee’, making it an accurate reflection of Australian government cost.

ASCS Clinical data

Patient demographics and clinical variables were obtained from the ASCS database.
Clinicalimanifestations and autoantibody status were defined as present if present ever
from the'time of SSc diagnosis. SSc disease onset was defined as the first SSc clinical
manifestation: SSc skin onset was defined from first skin change. Autoantibodies are
tested at enrollment and annually thereafter at St Vincent’s laboratory. Antinuclear
antibody, (ANA) is tested for by indirect immunofluorescence , the extranuclear antibody
(ENA) sereened for by an enzyme linked immunosorbent assay (ELISA) and if positive,
characterization is performed. PAH was diagnosed by right heart catheterization
according to international criteria (defined as mean pulmonary arterial pressure (mPAP)
of at least 25mmHg and a pulmonary arterial wedge pressure (PAWP) of <I15mmHg)).
[13]. ILD was defined by characteristic changes on high-resolution computer tomography
(HRCT),lung. All patients in the ASCS undergo annual screening for PAH and ILD using
echocardiography and lung function tests. Myocardial disease was defined on
endomyoeardial biopsy or as the presence of conduction deficits, arrhythmia, right
ventricular or left ventricular dysfunction in the absence of other causes. Gastrointestinal
(GIT) involvement included any of the following: gastro-oesphageal reflux disease
(GERD),reflux esophagitis, oesphageal dysmotility and/or esophageal stricture on
endoscopy,.intestinal dysmotility defined on barium and nuclear medicine studies, and
diarrhea.and/or fecal incontinence. Patient status (alive or dead) was censored in January
2016 and'the cause of death, verified from hospital records and death certificate, was

recorded in the database.

Statistical analysis
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Data are presented as mean + standard deviation (SD) for normally distributed and
median (interquartile range (IQR)) for non-normally distributed continuous variables, and
as number (percentage) for categorical variables. Differences in frequency were tested
using chi-square and Fisher’s exact tests. Standardized incidence ratios (SIR), with exact
poisson 95% confidence intervals (95% CI), were calculated as the ratio of cancer
incidence inSSc patients to the incidence in the general Australian population weighted
accordingto age and sex, derived from the AIHW registry of incident cancers occuring
during 2008-2015 [14]. Standardized mortality ratios (SMRs) were calculated as the ratio
of observed deaths in SSc patients compared with the expected death rate in the general
Australiangpopulation weighted according to age and sex [14]. Univariable and
multivariable logistic regression were used to determine the associations of different
variables with cancer. Variables with a p-value <0.05 in univariable regression or
variables deemed to be of clinical significance to the outcome with a p-value <0.20 were
included in the multivariable logistic regression analysis. Further logistic regression
analyses'were preformed to determine the characteristics associated with early onset
cancer (diagnosed within 5 years of SSc disease onset) compared with late onset cancer
(diagnesed > Syears from SSc onset), and also characteristics associated with cancer
diagnoesed within 5, 3 and 1 years from SSc onset compared with those without cancer
recruited > 5, 3 and 1 year of SSc disease onset, respectively. Cox proportional hazards
regression was used to estimate survival in a (i) prevalent cohort, and (ii) an incident
cohort (defined as those recruited within 2 years of their disease onset) with cancer
compared:to'those without. Kaplan-Meier (K-M) curves were used to estimate survival
by cancer status. Log-rank and Wilcoxon tests were used to compare survival curves. A
two-tailed p value of 0.05 or less was considered statistically significant. All statistical

analyses.were performed using STATA 14.0 (StataCorp LP, College Station, TX, USA).

Results

Patient characteristics

Our cohort consisted of 1,727 SSc patients contributing to 7,081 person years of follow-
up. The majority were causcasian (92.1%), female (85.9%) with limited disease (IcSSc)
(73.9%) and a mean (£SD) age at SSc onset of 46.6(=14.3) years with mean (+SD)
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disease duration at enrolment of 10.9 (£10.6) years (Table 1). Of those with autoantibody
data, 796 (48.1%) were anticentromere (ACA) antibody positive, 249 (15.3%) were
antitoposomerase-1 (Scl-70) positive, 155 (14.0%) were RNA Polymerase 111 (RNAP)
antibody positive and 460 (29.6%) were negative for these three autoantibodies

(autoantibedy negative group) (Table 1).

Consistent'with other large SSc cohorts, the majority of patients experienced GIT
involvement(83.7%), nearly half experienced digital ulceration (DU) (46.5%) and
calcinosis (39.7%), a third had ILD (28.3%) and 12.2% had PAH (Table 1). One quarter
of the cehortyhad received extended immunosuppression (24.8%). Prednisolone (PNL)
was the most commonly prescribed (44.9%), followed by methotrexate (MTX) (21.9%),
hydroxychlotoquine (HCQ) (19.7%), mycophenolate mofetil (MMF) (10.9%) and
cyclophosphamide (8.9%). Biological disease modifying agents (bDMARDs) were rarely
used (2:3%). Of concern, 50.1% of the cohort had a current or past history of smoking
(Table F):

SSc patients with cancer had a higher all-cause mortality than the Australian population
[SMR.3:13 (95%CI 2.39-4.02)] and higher than SSc patients without cancer [SMR 2.19
(95%CI 1.87-2.54)] (Table 3). Incident SSc cancer patients (recruited within two years of
SSc disease onset) had more than a two-fold increased mortality compared to SSc
patientsswithout cancer [HR 2.85 (95%CI 1.51-5.37), p=0.001)] (Figure 1). In those with
cancer, thesprimary cause of death was non-SSc related in 58.1%, most commonly due to
their cancer (77.1%), followed by ischemic heart disease (IHD) (5.7%) and sepsis (5.7%).
In SSc patients without cancer, the primary cause of death was SSc-related in 69.5%,
most commonly due to PAH (47.0%), ILD (19.7%) or a combination of PAH and ILD
(17.1%).

Patient characteristics by cancer status
Cancer was diagnosed in 14.2% of our cohort, with 43 individuals having more than one
cancer type (Table 2). Our cohort had a higher incidence of cancer than the Australian

population [SIR 2.15 (95%CI 1.84-2.49)], with an increased SIR for early cancer
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diagnosed within 5 years of SSc disease onset [SIR 2.52 (95%CI 1.82-3.44)] (Table 3).
Specific cancer types with a higher incidence than the background population included
early breast cancer [SIR 3.07 (95%CI 1.47-5.64)], lung cancer [SIR 3.07 (95%CI 1.21-
3.44)] and early melanoma [SIR 3.40 (95%CI 1.10-7.93)] (Table 3).

The mean (=SD) age at cancer diagnosis was 57.7 (+12.9) years with a mean SSc disease
durationof8:1(+14.7) years (Table 1). Those who developed cancer were older at the
onset of SS€T49.9(£14.3) vs 46.0(£14.3) years, p=0.001], more likely to be Caucasian
(95.8% vs 91.5%, p=0.023), have PAH (17.9% vs 11.2%, p=0.003), mild ILD (35.1% vs
27.2%,p=0:011) and have had extended treatment with a calcium channel blocker (CCB)
(46.1% s 34.6%, p<0.001) than those without cancer. Cancer patients were more likely
to have been treated with cyclophosphamide (13.1% vs 8.2%, p=0.012). Rituximab was
more commonly used in cancer patients post their cancer diagnosis; none received it prior
to their eancer diagnosis (Table 1). Factors associated with cancer in SSc in univariable
logisticaregression are summarized in Supplementary Table 1. In multivariable logistic
regression, increasing age at SSc onset (OR 1.02, p=0.001), the presence of ILD (OR
1.46, p=0.017), PAH (OR1.53,p=0.021) and RNAP III antibody (OR 1.47, p=0.016) were
associated with cancer (Table 4). Cancer occurred independently of traditional risk

factors such as smoking history and immunosuppressive medications.

Temporal'association between cancer onset and SSc onset in those with cancer

In multivariable logistic regression, SSc patients with early onset cancer (diagnosed
within § years of SSc onset) were more likely to be older at SSc onset (OR1.05,
p=0.004), less likely to have DU (OR 0.43,p=0.042) and more likely to be RNAP positive
(OR 2.91,p=0.044) compared with those with cancer diagnosed more than five years
from disease/onset (Table 4). Univariable logistic regression analyses are summarized in

Supplementary Table 1.
Temporal association between cancer and SSc onset in those with and without cancer

SSc patients with early onset cancer (diagnosed <Syears from disease onset) compared to

SSc patients without cancer (>5 years from disease onset) were older at SSc onset (OR
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1.05, p<0.001), less likely to have DU (OR 0.44, p=0.018) and more likely to be RNAP
positive (OR 2.14, p=0.043). Univariable logistic regression analyses are summarized in
Supplementary Table 1. These variables maintained significance when assessing a closer

temporal association (defined at 3 years and 12months from disease onset) (Supplemetary

Table 2 and,3).

Canéterdetails
Breast cancer (30.2%), followed by melanoma (18.5%), hematological malignancies
(13.5%), female reproductive tract malignancies (13.5%), and lung cancer (10.2%), were

the fiveamoest,common cancers in our cohort (Table 2).

Breast Cancer

Breast cancer, occurring with a prevalence of 4.3% in our cohort (74 primary breast), did
not have an increased SIR compared with the Australian population [SIR 1.51 (95% CI
0.98-2.21)]"However, early breast cancer did [SIR 3.07 (95%CI 1.47-5.64)]. Factors
associated with early and overall breast cancer determined by univariable logistic
regression analysis are summarized in Supplementary Tables 4 and 5. In multivariable
logistiesrégression, age at SSc onset (OR 1.07, p<0.001 and the presence of RNAP
antibody (OR 4.28,p=0.018) were associated with an increased risk of early breast cancer.
Increasing age at SSc onset (OR1.03, p=0.005) and GIT mainfestations (OR 2.99,
p=0.036)Were associated with an increased risk of overall breast cancer, while pregnancy
history (OR#0.66, p=0.041) was protective (Table 5). The association between extended
use of CCB and increased risk of overall breast malignancy narrowly missed statistical

significance with an OR 1.61, p=0.051.

Melanoma.skin cancer

Melanoma; occurring with a prevalence of 2.1% in our cohort (37 patients), did not have
an increased. SIR compared with the Australian population [SIR 1.30 (95% CI 0.59-
2.46)]. However, early melanoma did [SIR 3.40 (95%CI 1.10-7.93)]. Supplementary
Table 4 summarizes factors associated with melanoma by univariable logistic regression.

In multivariable logistic regression, the use of CCB was associated with an increased risk
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of melanoma (OR 2.01,p=0.042) (Table 5), while increasing age at SSc onset was
associated with increased risk of early melanoma (Table 5). There was no significant
association between melanoma and smoking or use of immunosuppression

(Supplementary Table 4, Table 5).

Hematological Malignancies

Hematélogical malignancies occurred with a prevalence of 1.9% (32 primary
hematological malignancies). All patients were Caucasian. Factors associated with
hematological malignancies in SSc determined by univariable logistic regression analysis
are summarized in Supplementary Table 4. In multivariable logistic regression,
increasing age at SSc onset (OR 1.04, p=0.007) was associated with haematological
malignancies, while the absence of a SSc-specific anitbodiy was protective (OR 0.35,
p=0.05). A SIR for overall haematological malignancies in addition to lymphoma and
leukaemia was calculated (Table 3). There was no increased incidence of haematological

malignaneies in our cohort.

Lung Cancer

Lung cancer, occurring with a prevalence of 1.5% (25 primary lung cancers), had an
increased incidence compared with the Australian population [SIR 2.12 (95%CI 1.21-
3.44)]. The SIR was even higher for those diagnosed with late lung cancer (occurring >
Syears fromrdisease onset) [SIR 2.51 (95%CI 1.34-4.29)] (Table 3). Factors associated
with lungeeancer in univariable logistic regression analysis are summarized in
Supplementary Table 4. In multivariable logistic regression, the presence of ILD (OR
2.83, p=0.031) was associated with lung cancer, while the presence of ACA was
protective (OR 0.22, p=0.023) (Table 5). The risk of lung cancer was independent of

traditional rigsk factors such as smoking and immunosuppressive therapies.

Healthcareutilization and associated cost
Cancer patients were admitted to hospital more frequently and utilized more ambulatory
care services then those without cancer but there was no difference in the frequency of

ED presentations (Table 6). On average, the total annual healthcare cost in those with
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cancer was AUD$8,816(6,401-12,308) per person, composed of hospital cost
AUD$4,196.6 (2,676-6,489), ED cost AUD$443 (0-866) and ambulatory care cost of
AUDS$3,164 (2,173-5,825). This was significantly higher than those without cancer who
had a apnual healthcare cost of AUD$7,320 (5,076-10,368) per person, composed of
hospital cest AUDS$3,776 (2,291-5,928), ED cost AUD$422 (0-746) and ambulatory care
cost AUDS$24319 (1,380-3,502) (Table 6).

HRQoL

Our SSc cohort reported lower HRQoL than the general population particularly in the
physicalicomponent score (PCS) of the SF-36 (Table 1). Cancer patients had a even
lower PCS of the SF-36 those without cancer (53.5 vs 38.7, p<0.001) (Table 1).

Discussion

This largewell-characterized study investigates the epidemiology and determinants of
cancer i1 SS¢ patients prospectively enrolled in a SSc cohort database linked to
Austrahan cancer registry databases. In our cohort of 1,727 SSc patients, the cancer
incidenc€ and prevalence of 1.3% and 14.2% respectively, is consistent with previously
reported incidence (1.4%) and prevalence (4%-22%) [4]. SSc patients have an increased
risk of cancer compared with age- and sex-matched population peers [SIR 2.15 (93%CI
1.84-2.49))vespecially for lung cancer [SIR 2.12 (95%CI 1.21-3.44)], early breast cancer
[SIR 3.07(95%CI 1.47-5.64)] and early melanoma [SIR 3.40 (95%CI 1.10-7.93)]
occurring independently of traditional cancer risk factors (eg. smoking and
immunosuppressive therapy). Moreover, SSc cancer patients have a higher all-cause
mortality.that those without cancer [SMR 3.13 (95%CI 2.39-4.02) vs SMR 2.19 (95%CI
1.87-2.54)] . while incident SSc cancer patients have more than a two-fold increased
mortalitystate compared to non-cancer patients [HR 2.85 (95%CI 1.51-5.37), p=0.001)].
From an"ecenomic perspective, SSc cancer patients utilized more healthcare than those
without cancer, with an annual excess healthcare cost per patient of AUD$1,496

(p<0.001).
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Our epidemiological findings are consistent with the results of recent meta-analyses
evaluating cancer risk in SSc [4, 5, 15], all showing an increased cancer risk in SSc.
Consistent with the literature [15], we found an increased SIR for lung and early breast
cancer, but not for liver and bladder cancer given the low number of these cancers in our
cohort (2.and 1 respectively) [15]. Interestingly, we found an increased SIR for early
cancers in our cohort, occurring within five years of SSc disease onset, which is
consistent with the cancer induced autoimmunity hypothesis proposed in the literature,
[16, 17T with'studies showing a close temporal association between cancer diagnosis and
SSc onset, with one study reporting a SIR for cancer within twelve months of SSc onset

of 2.79 eompared with more than twelve months from SSc onset of 1.40 [15].

Within our cohort, increasing age at SSc onset, the presence of ILD, PAH and extended
use of CCB were associated with the development of overall cancers, independently of
the temporal association of cancer diagnosis with SSc disease onset. The biphasic cancer
incideneeiniSSc reported in the literature is interesting, with an increased cancer
incidence at'SSc onset, postulated to be a paraneoplastic phenomenon [16, 17], and a
second'peak 1n incidence after 6-8 years of disease duration [7]. We found that increased
age at.SSc onset, the presence of RNAP positivity and lack of DU were associated with
the development of early onset cancers (diagnosed <Syears from SSc onset) compared
with those who had late onset cancer (>5 years from SSc onset). These variables were
also associated with the development of early onset cancer compared with patients
without eancer and disease duration of >5years. The association between the presence of
RNAP and early onset cancer has been described in the literature [8, 18] and suggests that
its presence should alert the treating clinician to an increased cancer risk phenotype
concurtent. with SSc onset, thus ensuring that the patients undergo their age-appropriate
cancer screening. Furthermore, the potential role of SSc-specific autoantibodies in
profilingscancer risk phenotypes in SSc is further highlighted in our study in those with
lung caneer,and haematological malignancies wherein the presence of ACA is protective
for lung cancer (OR 0.22, p=0.031), while the lack of any SSc-specific autoantobodies
was protective for haematological malignancy (OR 0.35, p=0.005).
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Breast cancer was the most commonly diagnosed cancer in our cohort, occurring with a
prevalence of 4.3%. The overall SIR for breast cancer in our cohort was not increased,
however when assessing early breast cancer (occurring within five years of SSc onset),
the SIR was increased compared with Australian breast cancer incidence [SIR 3.07
(95%C1 1:47-5.64)] adding to the growing literature regarding the temporal association

between SSe‘onset and breast cancer diagnosis [19].

The association between the extended use of CCB and overall cancer (OR 1.46,
p=0.016), breast cancer (OR 1.61, p=0.051) and melanoma (OR 2.01, p=0.042) in our
cohort wassunexpected, but has been reported in the literature with conflicting results [20-
22]. This‘association is hypothesized to be related to the role of calcium in cell apoptosis,
such as activation of the caspase pathway, induction of endonuclease activity and
mitochondrial permeation. By modifying the intracellular calcium level, CCBs can
indirectly affect these regulatory pathways, impairing cell apoptosis promoting the
development of malignancies. As due to its prevalent nature, correction for disease
duration“in'eur cohort was not possible, it is not clear whether this association reflects
cancereccurrence in longstanding SSc or is related to chronic CCB use. Given the
worldwide prevalent use of CCB, population-based cancer, prescription and health-

registries research is under way to resolve this contentious area.

Healthcaréutilization attributable to cancer accounts for a substantial proportion of
healthcaresexpenditure in Australia, accounting for an estimated AUD$4.5billion in 2009
and 4% of all government expenditure in health [23]. A recent Australian study estimated
the direct cost of cancer care to the Australian government, including hospitalizations,
ED visits,.ambulatory care and pharmaceutical therapy, in 2013 to be AUD$6.5billion for
cancer patients who survived five years post cancer diagnosis, equating to a mean annual
excess cost'of AUDS$2,500 per cancer patient [24]. Our study found an annual excess
total healtheare utilisation cost of AUDS$1,496 per SSc patients with cancer. This cost is
inclusive of hospital admission, ED presentation and ambulatory care, but is exclusive of
medication cost which is likely to be substantial given the currently available cancer

therapies. The high costs associated with SSc cancer patients highlights the complexity of
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care required for those with an underlying multisystem condition, such as SSc, who need
close and frequent monitoring, with a multidisciplinary approach to care, even in the
absence of cancer. Despite cancer being associated with significantly reduced HRQoL,
particularly in physical functioning and role physical domains of the SF-36 [25], there
was no difference in these domains in our cohort among those with and without cancer.
This may bebecasue SSc patients report significantly reduced HRQoL due to SSc itself,

even'in“absence of cancer [9].

Strengths of our study include its methodology of linking a large population-based
clinical.database with state-based cancer registries enabling a high degree of case
ascertainment, accuracy and reliability of results. Limitations of our study include low
patient numbers in some cancer types limiting further analysis particularly in our incident
SSc cancer cohort (n=53) which did not enable us to reliably determine factors associated
with cancer in this specific cohort. Additionally, as HRCTs were only preformed in those
patientsswith'a clinical suspicion of ILD or abnormal RFT, there is the potential for
selection bias and over-diagnosis of lung cancers in those that underwent a HRCT

compared with those that did not undergo a HRCT.

Conclusion

Through a data linkage study combining a large SSc clinical database with cancer
registries, We found that Australian SSc patients have an increased risk of cancer
comparedswith age- and sex-matched population peers [SIR 2.15 (93%CI 1.84-2.49)],
occurring independently of traditional cancer risk factors. Those with incident cancer
have a two-fold increased all-cause mortality compared to non-cancer patients [HR 2.85
(95%CL1.51:5.37), p=0.001)]. We highlight the economic burden associated with cancer
in a complex‘multisystem disease and stress the potential role of SSc-specific

autoantibodies in profiling cancer risk phenotypes in SSc.
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Table 1. Patient characteristics (n=1,727)

Patient.characteristics

SSc patients

SSc patients

SSc patients

with cancer without cancer
n=1727 | n=245 (14.20) n=1,482 (85.80) p value
mean+SD | meanx=SDor | mean+SD or %
or % %
Demographics

Female 1,483 (85.9%) 210(85.7%) 1,273 (85.8%) 0.939
Caucasian ethnicity 1,509 (92.1%) 226 (95.80) 1,283 (91.50) 0.023
Age.at.SSc onset*, years 46.6 (14.3) 49.9(14.3) 46.0 (14.3) 0.001
Age at onset of SSc skin involvement, years 48.5 (14.2) 52.5 (14.4) 47.8 (14.2) 0.001
SSc disease duration** at recruitment, years 10.9 (10.6) 13.7 (12.6) 10.5 (10.2) <0.001
Follow=up-since recruitment, years 4.1 (3.4) 4.3 (3.4) 4.1 (3.4) 0.452
Limited SSc 1,266 (73.9%) 184(75.7%) 1,082 (73.60) 0.477
Smoking history (current or ever) 856 (50.1%) | 126(52.7%) 730 (49.80) 0.513
Pregnancy history 941 (63.5%) | 139(66.2%) 802 (63.00) 0.374
Age at cancer diagnosis - 57.7(12.9) 47.8 (14.2) 0.001
Disease.duration at cancer diagnosis - 8.1(14.7) - -
Alive at'end of follow-up 1,460 (84.5%) 178(72.7%) 1,282 (86.%0) <0.001
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Scleroderma-specific antibodies

ACA*(n=1,656) 796 (48.1%) | 107(44.9%) 689 (48.60) 0.299
Scl-70.(n=1,630) 249 (15.3%) 37 (15.76) 212 (15.24) 0.829
RNAP (n=1,101) 155 (14.06) 23(13.6%) 132 (14.%%) 0.873
SSespecific antibody negative (n=1,556) 460 (29.6%) 74 (32.%%0) 386 (29.00) 0.237
Clinical manifestations
Telangiectasia (n,704) 1,477 (86.7%) 214(87.7%) 1,263 (6.80) 0.610
Calcinosis (n4,705) 676 (39.70) 94 (38.4%4) 582 (39.90) 0.658
Digital ulceration (n,721) 801 (46.5%) | 105(42.%%) 696 (47.1%) 0.212
GIT involvement (n4,727) 1,445 (83.7%) 210(85.7%) 1,235 (83.3%) 0.350
ILD (HRCT scari\n=874) 489 (28.3%) 86 (35.1%) 403 (27.26) 0.011
PAH™ (n=1,727) 210 (12.2%) | 44 (17.9%) 166 (11.26) 0.003
Body Mass Index, highest recorded (n673) 27.2 (8.2) 27.2 (6.3) 27.2 (8.4) 0.978
Medications
Calcium channel blockers (CCB) 1,121 (64.9%) 178(72.7%) 943 (63.60) 0.006
Extendedperiod on CCB" 625 (36.2%) | 113 (46.1%) 512 (34.6%) <0.001
Hormene replacement therapy (HRT) 0#27) 284 (16.4%) 45 (18.4%) 239 (16.30) 0.381
Immunosuppression 949 (54.96) 140(57.1%) 809 (54.6%) 0.457
Extendedsperiod on immunosuppression® 429 (24.8%) 63 (25.7%) 366 (24.7%) 0.733
DMARD:/ corticosteroid 964 (55.8%) | 142(57.%%) 822 (55.80) 0.467

This article is protected by copyright. All rights reserved




Prednisolone (PNL) 762 (44.1%) | 114(46.5%) 648 (43.7%) 0.413
Cyclophosphamide 153 (8.9%) 32 (13.24) 121 (8.2%) 0.012
Mycophenolate Mofetil (MMF) 189 (10.9%) 25 (10.20) 164 (11.20) 0.689
Methotrexate (MTX) 378 (21.9%) 51(20.8%) 327 (22.2%) 0.658
Leflunomide (LEF) 16 (0.9%) 2 (0.80) 14 (0.96) 0.846
Azathioprine (AZA) 136 (7.9%) 26 (10.6%) 110 (7.4%) 0.086
Hydroxycholorquine (PLQ) 340 (19.7%) 39 (15.90) 301 (20.3%) 0109
Cyclosporin 26 (1.5%) 3 (1.20) 23 (1.60) 0.697

bDMARDM 40 (2.3%) 11 (4.90) 29 (1.9%) 0.004
Rituximab™ 20 (1.2%) 8 (3.3%) 12 (0.8%) 0.001
TNF inhibitor 12 (0.7%) 3 (1.2%) 9 (0.6%) 0.281
Abatacept 4 (0.2%) 1 (0.4%) 3 (0.2%) 0.535
Tocilizumab 10 (0.6%) 0(0%) 10 (0.7%) 0.197

HRQoL™#
PCS (n=1,284) 38.2 (10.5) 35.5(10.2) 38.7 (10.5) <0.001
MCS (n=1,284) 46.0 (16.6) 44.3 (13.3) 46.2 (17.0) 0.158

Abbreviations: Interstitial lung disease (ILD), pulmonary arterial hypertension (PAH), gastrointestinal tract (GIT), disease modifying anti-dnegsn@®ARDSs), biological disease modifying
anti-rheumatic drugs (bDMARDSs), hormone replacement therapy (HRT), tumour necrosis factor (TNF), antice(@Omgrantitopoisomerase-1 (Scl-70), anti RNA Polymerase (RNAP) I, body
mass index (BMIhealth related quality of life (HRQoL) was defined using the36Btudy short form which provides a score range from 0-100. Scores below 50 indicate worse HRQoL than the
population normative score and every 10 points indicates 1 standard deviation. These scores can be summarized into the pmgsicacooenfRCS) and mental component score (M&8yes
below 50 indicate worse HRQoL than the population normative score and every 10 points indicates 1 standard deviation.

*SSc onset definedias the first symptom of SSc (Raynaud phenomenon or other)

** disease duration from recruitment
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*** n denotes the number of patients who underwent the bloods test thereby determining if they were positive or negative

% disease manifestation defined as present if present ever from SSc onset

“ILD defined based on characteristic changes on high-resolution computer tomography (HRCGJ4upatients underwent a HRCT based on clinical suspicion of ILD or abnormal respiratory
function tests.

“PAH diagnosed on right heart catheterization (RHC) according to international criteria [11]

#### all patients with cancer were treated with Rituximab post cancer diagnosis not prior

##mean HRQoL over the follow-up period

" Extended timen therapy (either CCB or immunosuppression) defined as >2 consecutive years on therapy or >50% of follow-up timeif follow-up time was <2years

" During 2008-2015, 20 SSc patients were treated with Rituximab (8 with cancer, 12 without cancer), 12 patients with a tumoactec(@&j inhibitor (3 with cancer, 9 without cancer), 10 with

tocilizumab (allwithout cancer) and 4 with abatacept (1 with cancer, 3 without cancer).

Table 2. Cancer details

Cancer
Organ invelved* n = 245 Total (%)
BreastCancer 74 74 (30.26)
Melanoma skin cancer 37 37 (18.80)
Haemateloegical malignancy
Lymphoma 15
Non:Hoedgkin 13
Hodgkin 2 33 (13.39)
Leukaemia
OtherHaematologic 12
Female genitalia 33 (13.30)
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Cervix 17

Ovary

Uterus
Lung cancer 25 25 (10.20)
Gastrointestinal

Colon 21

Esophagus 5 29 (11.80)

Stomach 2

Pancreas 1
Bladder, 1
Prostate 10
Kidney 5 18 (7.36)
Testicular 2
Brain 4 4 (1.6%)
Thyroid'gland 4 4 (1.8%)
Primary Liver Cancer 2 2 (0.80)
Sarcoma 1 1 (0.1%)
Unknown primary site 13 13 (5.20)
Patients.with > 1 cancer 43 43 (17.60)

*131 patients had a non melanoma sKin cancer and were excludeth@alata analysis
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Table 3. Standardized incidence ratios (SIR) and standardized mortality ratio (SMR)

Cancer.type

SIR (95% CI) *

Overall.cancer

2.15 (1.84 - 2.49)

Qverall cancer - early®

2.53 (1.82 - 3.44)

Overall cancer - late”

1.54 (1.22 - 1.91)

Breast cancer

1.51 (0.98 - 2.21)

Breast cancer - early®

3.07 (1.47 - 5.64)

Breast cancer - late”

1.38 (0.79 - 2.25)

Lung cancer

2.12 (1.21 - 3.44)

lung:cancer - early”

2.05 (0.42 - 6.00)

lLung cancer - late®

2.51 (1.34 - 4.29)

Melanoma skin cancer

1.30 (0.59 - 2.46)

Melanoma skin cancer - early”

3.40 (1.10 - 7.93)

Melanoma skin cancer - late”

0.87 (0.24 - 2.22)

Colon cancer

1.26 (0.58 - 2.40)

Colon cancer - early®

2.94 (0.80 - 7.53)

Colon cancer - late”

1.03 (0.33 - 2.39)

Cervieal cancer

4.68 (0.97 - 13.68]

Cervical cancer - early®

6.89 (0.17 - 38.39
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Cervical cancer - late”

4.94 (0.60 - 17.84]

Ovarian‘cancer

1.86 (0.38 - 5.44)

Qvarian cancer - early®

6.46 (0.78 - 23.35)

Qvarian cancer - early®

0.92 (0.02 -5.14)

Uterine/Cancer

1.53 (0.50 - 3.58)

Uterine cancer - early”®

1.63 (0.04 - 9.08)

Uterine cancer - late”

1.82 (0.50 - 4.66)

Prostate*cancer

1.34 (0.49 -2.92)

Prostate cancer - early”

1.56 (0.19 - 5.62)

Prostate cancer - late®

1.36 (0.37 - 3.48)

Haematological cancer

1.36 (0.55 - 2.81)

Haematological cancer -early®

0.97 (0.02 - 5.42)

Haematological cancer - late”

0.97 (0.02 - 5.42)

Non-Hodgkin’s Lymphoma

1.98 (0.73 - 4.30)

NonHodgkin’s Lymphoma - early”

1.66 (0.04 - 9.25)

NonHodgkin’s Lymphoma - late”

2.43(0.79 - 5.68)

LLeukaemia

0.52 (0.01 - 2.91)

All-cause mortality

SMR (95% CI)*

All-cause mortality in the whole SSc cohor

2.37 (2.08-2.70)
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All-cause mortality for non-cancer patients| 2.19 (1.87-2.54)

All-cause mortality for cancer patients 3.13 (2.39-4.02)

Abbreviations: Standardized incidence ratios (SIR), Standardized mortality ratios (SMR), confidence intervals (Cl)

Cancers included.in the SIR calculation include all incident cancers diagnosed btw 2008-2015

* SIR was caleulated using the exact Poisson method

SMR was calculated for the whole cohort and by cancer status. SMR based on all cause mortality, not cancer specific mortality

"Early cancerdefined as cancer incidence within 5 years of onset R&8wud phenomenon or other)

ALate cancer defined as cancer incidence after 5 years since onsef{Bag&ud phenomenon or othIrab|e 4. Determinants of cancer risk by multivariable Iogistic

regression-analysis

Correlates-of-cancer OR (95%CI) p-value
Age at SSc onset*, years 1.02 (1.01-1.03) 0.001
Female 1.18 (0.77-1.80) 0.449
White ethnicity 1.89 (0.963.72) 0.064
History of smoking (current or previous) 1.12 (0.851.53) 0.456
Extendedsmmunosuppression 0.88 (0.63-1.22) 0.430
Interstitial lung disease 1.46 (1.07-2.00) 0.017
Pulmonary-arterial hypertension 1.53 (1.04- 2.25) 0.021
Extended.calcium channel blockers therapy” 1.47 (1.06-2.02) 0.016
Correlates of early versus late cancer** OR (95%Cl)
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Age at SSc onset*, years 1.05 (1.02-1.08) 0.004
Female 1.31 (0.374.69) 0.675
Caucasian ethnicity 0.53 (0.102.53) 0.425
History of smoking (current or previous) 0.94 (0.461.95) 0.872
Extended’period on immunosuppression 0.60 (0.251.46) 0.264
Digital ulceration 0.43 (0.19-0.97) 0.042
RNAP antibody 2.91 (1.05-8.21) 0.044
Extendedperiod on calcium channel blockers ther 1.09 (0.50-2.36) 0.830
Correlates of early cancer versus no cancer*** OR (95%Cl)

Age at SSconset*, years 1.05 (1.03-1.08) <0.001
Female 1.51 (0.564.13) 0.418
Caucasian ethnicity 1.25 (0.364.31) 0.726
History of smoking (current or previous) 1.05 (0.571.93) 0.880
Extended period on immunosuppression” 0.62 (0.31-1.24) 0.180
Digital ulceration 0.44 (0.220.87) 0.018
RNAP antibody 2.14 (1.034.45) 0.043

Abbreviations: systemic sclerosis (SSc), anticentromere (ACA), anti RNA Polymerase (RNAP) IlI

*SSc onset defined’as the first symptom of SSc (Raynaud phenomenon or other)

**early cancer.defined as diagnosed within five years of the onset of the first clinical manifest&®c(Réynaud phenomenon or other)

*** early cancer defined as diagnosed within five years of the onset of SSc skin changes compared with SSc patients without cancer with at leadifieagedigation sin&Sconset (Raynaud

phenomenon or other)
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~ Extended period on therapy (either CCB or immunosuppression) defined as >2 consecutive years on therapy or >50% of follow-up time in ASCS if follow-up time was <2years

Table 5. Correlates of cancer types by multivariable logistic regression analysis

Correlates-of breast cancer (n=74) OR (95%Cl) P
Age at SSc.onset*, years 1.03 (1.011.05) 0.005
Caucasian ethnicity 1.57 (0.485.12) 0.457
History of smoking (current or previous) 1.13 (0.69-1.83) 0.626
Extended-period on immunosuppression” 0.79 (0.451.41) 0.430
Extended period on calcium channel blockers

therapyh 1.61 (0.992.63) 0.051
Pregnaney.history 0.66 (0.45-0.98) 0.041
GIT manifestations 2.99 (1.07-8.36) 0.036
Correlates of early breast cancer (n=27)

Age at SSe-onset*, years 1.07 (1.03-1.11) <0.001
Caucasijan ethnicity 1.69 (0.22-13.3) 0.617
History ef'smoking (current or previous) 0.42 (0.15-1.12) 0.095
Limited disease subtype 1.12 (0.33-3.72) 0.859
Extended period on immunosuppressive therapy 0.81 (0.29-2.27) 0.691
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Pregnancy history 0.87 (0.39-1.92) 0.727
Renal ‘crisis 2.36 (0.45-12.3) 0.309
RNAP antibody 4.28 (1.29-14.2) 0.018
Correlatés of lung cancer (n=25) OR (95%Cl) P

Age at SSewonset*, years 1.01 (0.97-1.03) 0.810
Female 2.08 (0.57-7.51) 0.266
White ethnicity 1.04 (0.234.69) 0.960
History ef.smoking (current or previous) 1.79 (0.734.39) 0.203
Extended period on mmunosuppressive therapy 1.03 (0.42-2.56) 0.943
Anticentromere antibody (ACA) positive 0.22 (0.06-0.81) 0.023
Interstitial lung disease (ILD) 2.83 (1.09-7.31) 0.031
Pulmonary arterial hypertension (PAH) 2.52 (0.94-6.81) 0.068
Correlates*of hematological cancer (n=32) OR (95%Cl) P

Age at.SSc.onset*, years 1.04 (1.01-1.07) 0.007
Female 0.79 (0.312.03) 0.622
History efssmoking (current or previous) 1.14 (0.522.43) 0.736
Extended period on immunosuppressive therapy 1.27 (0.58-2.79) 0.557
SSespecific antibody negative 0.35 (0.160.73) 0.005
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Correlatesof melanoma (n=37) OR (95%Cl) P

Age at SSc.onset*, years 1.01 (0.99-1.03) 0.428
Female 0.69 (0.281.73) 0.432
History of smoking (current or previous) 0.52 (0.261.05) 0.066
Extended period on calcium channel blockers

therapy? 2.01 (1.03-3.95) 0.042
Extended-period on immunosuppressive therapy 0.62 (0.27-1.43) 0.262
Correlates of early melanoma (n=11)

Age at:SSe-onset*, years 1.07 (1.02-1.13) 0.005
Female 0.34 (0.08-1.38) 0.131
History of smoking (current or previous) 0.48 (0.13-1.75) 0.266
Immunosuppressive therapy 0.89 (0.27-3.00) 0.858

*SSc onset defined as the first symptom of SSc (Raynaud phenomenon or other)

~ Extended petiodon‘therapy defined as >2 consecutive years on therapy or >50% of follow-up time in ASCSfifollow-up time was <2years

Table 6.Healthcare utilization and associated cost by cancer status (2008-2015)
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Episodes of care / total healthcare cost (AUD$) Cancer No Cancer p-
Median (25"-75™) Median (25"-75") value
Total healthcare cost per patient 2008-2015 52,798 (32,172-103,516) 35,810 (16,467-35,810) <0.001
Average.annual cost per patient consisting of: 8,816 (6,401 12,308) 7,320 (5,076-10,368) <0.001
average annual admission cost per patient 4,196.6 (2,676-6,489) 3,776 (2,291-5,928) 0.050
average annual ED presentation cost per patier 443(0-866) 422 (0-746) 0.314
average annual MBS service cost per patient 3,164 (2,173-5,825) 2,319 (1,380-3,502) <0.001
Hospitalizations
Frequency of hospital visits per patient per annt 2.4 (1-4.4) 1.7 (1-3) 0.001
LOS periepisode 1(1-2) 1(1-3) 0.415
Reason.for. hospital admission (top three)
1 Hemodialysis SSc
Antineoplastic agent administratio Iron deficiency anaemia
3 SSc Cataract
ED presentations
Annual frequency of presentations per patient 1(1-2) 1(1-1.7) 0.247
Reasen-for ED presentation (top three)
1 Chest pain Chest pain
Intestinal obstruction Intestinal obstruction
3 Acute LRTI Dyspnoea
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MBS utilization
Annualfrequency of service utilization per patie 88 (57-144) 73 (45-121) <0.001
Services utilized (top three)

1 Pathology (42.1%) Pathology (43.0%)

2| Professional attendances (29.8% Professional attendances (30.2

3 Allied health services (14.0%) Allied health services (14.2%)

Abbreviationsustandard deviation (SD), interquartile range (IQR). Medical Benefits Schedule (MBS), Emergency department (ED), ler{gtb ¥, $tayer respiratory tract infection (LRT]I),

scleroderma (SSc), All costs are in Australian Dollars (AUD)

Figure 1(a).Survival in SSc patients with and without cancer in the ASCS prevalent cohort
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Figure ¥(b)-Survival of SSc patients with and without cancer in an incident cohort (defined as SSc patients enrolled in the ASCS
within two years of SSc disease onget*
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*SSc onseWas the first symptom of SSc (Raynaud phenomenon or other)

Author Manuscrip
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Table 1. Patient characteristics (nAA7)

acr_24076 _fl.docx

Patient characteristics

SSc patients

SSc patients
with cancer

SSc patients
without cancer

n=1,727 n=245 (14.20) n=1,482 (85.80) p value
mean +SD | mean+SD or | mean + SD or %
or % %
Demographics
Female 1,483 (85.9%) 210(85.7%) 1,273 (85.8%) 0.939
Caucasian ethnicity 1,509 (92.1%) 226 (95.80) 1,283 (91.50) 0.023
Age at SSc onset*, years 46.6 (14.3) 49.9(14.3) 46.0 (14.3) 0.001
Age at.onset of SSc skin involvement, years 48.5 (14.2) 52.5(14.4) 47.8 (14.2) 0.001
SSc dsease duratiorfat recruitment, years 10.9 (10.6) 13.7 (12.6) 10.5 (10.2) <0.001
Follow-up.since recruitment, years 4.1 (3.4) 4.3 (3.4) 4.1 (3.4) 0.452
Limited SSc 1,266 (73.9%) 184(75.7%) 1,082 (73.60) 0.477
Smoeking.history (current or ever) 856 (50.1%) | 126(52.7%) 730 (49.80) 0.513
Pregnaney history 941 (63.5%) | 139(66.2%) 802 (63.00) 0.374
Agegat cancer diagnosis - 57.7(12.9) 47.8 (14.2) 0.001
Disease duration at cancer diagnosis - 8.1 (14.7) - -
Alive at end of follow-up 1,460 (84.5%) 178(72.7%) 1,282 (86.50) <0.001
Sclerodermaspecific antibodies
ACA (n=1,656) 796 (48.1%) | 107 (44.%%) 689 (48.640) 0.299
Sck70.(n=1,630) 249 (15.3%) 37 (15.70) 212 (15.26) 0.829
RNAP.(n=1,101) 155 (14.06) 23 (13.6%) 132 (14.%26) 0.873
SSespecific antibody negative (n=1,556) 460 (29.6%) 74 (32.9%0) 386 (29.00) 0.237
Clinical manifestations
Telangiectasigén=1,704) 1,477 (86.7%) 214(87.7%) 1,263 (6.80) 0.610
Calcinosis(n=1,705) 676 (39.%0) 94 (38.4%0) 582 (39.90) 0.658
Digitakulceration(n=1,721) 801 (46.5%) | 105(42.%%) 696 (47.1%) 0.212
GIT involvement (n-,727) 1,445 (83.7%) 210(85.7%0) 1,235 (83.3%) 0.350
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ILD (HRCT scanj(n=874§ 489 (28.3%) | 86(35.1%) 403 (27.26) 0.011
PAH™ (n=1,727) 210 (12.2%) 44 (17.9%) 166 (11.26) 0.003
Body Mass Index, highest recorded (n673) 27.2 (8.2) 27.2 (6.3) 27.2 (8.4) 0.978
Medications
Calcium-channel blockers (CCB) 1,121 (64.9%) 178(72.7%) 943 (63.60) 0.006
Extended.period on CCB" 625 (36.2%) | 113 (46.1%) 512 (34.6%) <0.001
Hormeneweplacement therapy (HRT) @#27) 284 (16.4%) 45 (18.4%) 239 (16.30) 0.381
Immunesuppression 949 (54.96) 140(57.1%) 809 (54.6%) 0.457
Extende@eriod on mmunosuppression” 429 (24.8%) 63 (25.7%) 366 (24.7%) 0.733
DMARD /corticosteroid 964 (55.8%) | 142(57.9%) 822 (55.80) 0.467
Prednisolone (PNL) 762 (44.1%) | 114(46.5%) 648 (43.7%) 0.413
Cyclophosphamide 153 (8.9%) 32 (13.20) 121 (8.2%) 0.012
Mycophenolate Mofetil (MMF) 189 (10.9%) 25 (10.2%0) 164 (11.%0) 0.689
Methotrexate (MTX) 378 (21.9%) 51 (20.8%) 327 (22.20) 0.658
Leflunomide (LEF) 16 (0.9%) 2 (0.80) 14 (0.96) 0.846
Azathioprine (AZA) 136 (7.9%) 26 (10.6%) 110 (7.4%) 0.086
Hydroxycholorquine (PLQ) 340 (19.7%) 39 (15.90) 301 (20.3%) 0109
Cyelesporin 26 (1.5%) 3 (1.20) 23 (1.8%) 0.697
bDMARDM 40 (2.3%) 11 (4.9%0) 29 (1.9%) 0.004
Rituximab™ 20 (1.2%) 8 (3.3%) 12 (0.8%) 0.001
TNF inhibitor 12 (0.7%) 3 (1.2%) 9 (0.6%) 0.281
Abatacept 4 (0.2%) 1 (0.4%) 3 (0.2%) 0.535
Tocilizumab 10 (0.6%) 0(0%) 10 (0.7%) 0.197
HRQoL* ™
PCS(n=1,284) 38.2 (10.5) 35.5(10.2) 38.7 (10.5) <0.001
MCS (n=1,284) 46.0 (16.6) 44.3 (13.3) 46.2 (17.0) 0.158

Abbreviations: Interstitial lung disease (ILD), pulmonary arterial hypertension (PAH), igésttmnal tract (GIT), diseasrodifying antirheumatic drugs (DMARDSs), biological disease modifying
anti-rheumatic drugs (bDMARDSs), hormone replacement therapy (HRT), tumowsisefactor (TNF), anticentromere (ACA), antitopoisomerase-1 (Scl-70), anti RNA Polgn(BNHAP) 111, body
mass index (BMihealth related quality of life (HRQolyas defined using the S¥6 study slort form which provides a score ranfgem 0-100. Scores below 50 indicate worse HRQoL than the
populationfnormative score and every 10 points indicates 1 standard deviation. These sceresroamabized into the physical component score (R@8&)mentatomponent score (MCS$cores

below 50 indicate,worse HRQoL than the population normative score and every 10 points indicates 1csaiadiard

*SSc onsetlefinedas the first symptom of SScgfnaud phenomenan other)

** disease duration fromecruitment
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*** n denotes the number of patients who underwent the bloods test thereby determining if they itieeequomgative

**x - disease manifestation defined as present if present ever from SSc onset

“ILD defined basedson characteristic changesighresolution computer tomography (HRCT) luF4 patients underwent a HRCT based on clinical suspicion of ILD or abnormal respiratory
function tests.

*PAH diagngsed on right heart catheterization (RHC) according to international ¢fifdria

## all patients with'cancer were treated with Rituximab post cancer diagnosis not prior

##*mean HRQoL over the followp period

" Extendedime on therapy (either CCB or immunosuppression) define@ asnsecutive years on therapy or >50% of follow-up timeif follow- up time was <2years

" During 20082015, 20 SSpatients were treated with Rituximab (8 with cancer, 12 without cancer), 12 patients with a tumor restosiENIF) inhibitor (3 with cancer, 9 without cancer), 10 with
tocilizumab (all without cancer) and 4 with abatacept (1 with cancer, 3 withocga
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Table2. Cancer details

Cancer

Organ involved* n =245 Total (%)
Breast cancer 74 74 (30.2)
Melanomaskin cancer 37 37 (18.5%0)
Haematological malignancy

Lymphoma 15

Non Hodgkin 13
Hodgki 2 33 (13.30)

Leukaemia 6

Other'Haematologic 12
Female genitalia

Cervix 17

Ovary 8 33 (13.50)

Uterus 8
Lung cancer 25 25 (10R)
Gastrointestinal

Colon 21

Esophagus 5 29 (11.8%)

Stomaeh 2

Pancreas 1
Bladder 1
Prostate 10
Kidney 5 18 (7.3%)
Testicular 2
Brain 4 4 (1.60)
Thyroid gland 4 4 (1%)
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Primary Liver Cancer 2 2 (0.8%)
Sarcoma 1 1 (0.20)
Unknown primary site 13 13 (3B
Patients with > 1 cancer 43 43 (17.80)

*131 patients had a non melanoma skin cancer and were excluded from the dais analys
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Table3. Standardized incidence rati@&R) and standardized mortality ratio (SMR)

Cancer type

SIR (95% CI) *

Overall .cancer

2.15 (1.84 - 2.49)

Qverall cancer early™

2.53 (1.82 - 3.44)

Overall cancer late”

1.54 (1.22 - 1.91)

Breast cancer

1.51 (0.98 - 2.21)

Breastcancer- early*

3.07 (1.47 - 5.64)

Breastcancer- late”

1.38 (0.79 - 2.25)

Lung cancer

2.12 (1.21 - 3.44)

llung cancer early”

2.05 (0.42 - 6.00)

Lung.cancer late®

2.51 (1.34 - 4.29)

Melanoma skin cancer

1.30 (0.59 - 2.46)

Melanoma skin cancerearly”

3.40 (1.10 - 7.93)

Melahoma skin cancedate®

0.87 (0.24 - 2.22)

Colon cancer

1.26 (0.58 - 2.40)

Colon cancer early®

2.94 (0.80 - 7.53)

Colen cancer late”

1.03 (0.33 - 2.39)

Cervicahcancer

4.68 (0.97 - 13.68)

Cervical cancer early®

6.89 (0.17 - 38.39)

Cervical cancer late®

4.94 (0.60 - 17.84]

Ovarian.cancer

1.86 (0.38 - 5.44)

Qvarian cancerearly”

6.46 (0.78 - 23.35)

Ovarian cancer early®

0.92 (0.02 -5.14)

Uterine cancer

1.53 (0.50 - 3.58)

Uterine cancer early®

1.63 (0.04 - 9.08)
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Uterine cancer late® 1.82 (0.50 - 4.66)

Prostaté-cancer 1.34 (0.49 -2.92)
Prostate cancerearly” 1.56 (0.19 - 5.62)
Prostate cancerate” 1.36 (0.37 - 3.48)

Haematological cancer 1.36 (0.55 - 2.81)
Haematological canceearly* 0.97 (0.02 - 5.42)
Haematological cancedate® 0.97 (0.02 - 5.42)
Non-Hodgkin’s Lymphoma 1.98 (0.73 - 4.30)

Non-Hodgkin’s Lymphoma early* | 1.66 (0.04 - 9.25)
Non-Hodgkin’s Lymphoma fate® 2.43 (0.79 - 5.68)
Leukaemia 0.52 (0.01 - 2.91)

All -cause ‘'mortality SMR (95% CI)*

All -cause.mortality in the whole SSc cohont 2.37 (2.08-2.70)
All -cause mortality for neoancer patients 2.19 (1.87-2.54)
All -cause mortality for cancer patients 3.13 (2.39-4.02)

Abbreviations:Standardized incidence rati(8IR), Standardized mortality ratig§MR), confidence intervals (Cl)

Cancers included in the SIR calculation include all incidenters diagnosed btw 202815

* SIR was caleulated using the exact Poisson method

SMR was caleulated for the whole cohort and by cancer status. SMR based on all cause mortality, npec#ierostality
~Early cancer defined as cancer incidence within 5 years of onset ¢R&8mud phenomenan other)

Late cancer'defined as cancer incidence after 5 years since onsef{@a&wd phenomenan other)
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Table4. Determinant®f cancer risk by multivariable logistic regression analysis

Correlates-of,.cancer OR (95%Cl) p-value
Age at SSc.onsktyears 1.02 (1.01-1.03) 0.001
Female 1.18 (0.77-1.80) 0.449
White ethnicity 1.89 (0.963.72) 0.064
History of.smoking (current or previous) 1.12 (0.851.53) 0.456
Extendedrimmunosuppression * 0.88 (0.631.22) 0.430
Interstitial lung disease 1.46 (1.07-2.00) 0.017
Pulmonary arterial hypertension 1.53 (1.04- 2.25) 0.021
Extendedrealcium channel blockers therapy” 1.47 (1.06-2.02) 0.016
Correlates of early versus late cancer OR (95%Cl)

Age at SSc.onsttyears 1.05 (1.021.08) 0.004
Female 1.31 (0.374.69) 0.675
Caucasiarthnicity 0.53 (0.102.53) 0.425
History of smoking (current or previous) 0.94 (0.461.95) 0.872
Extended period on immunosuppression 0.60 (0.251.46) 0.264
Digital ulceration 0.43 (0.19-0.97) 0.042
RNAP antibedy 2.91 (1.05-8.21) 0.044
Extended'period onatcium channel blockers therag 1.09 (0.50-2.36) 0.830
Correlates of early cancewersus no cancer** OR (95%Cl)

Age at SSc.onsttyears 1.05 (1.031.08) <0.001
Female 1.51 (0.564.13) 0.418
Caucasiarethnicity 1.25 (0.364.31) 0.726
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History of smoking (current or previous) 1.05 (0.571.93) 0.880
Extended.period on immunosuppression”® 0.62 (0.31-1.24) 0.180
Digital ulgeration 0.44 (0.220.87) 0.018
RNAP antibody 2.14 (1.034.45) 0.043

Abbreviations: systemic sclerosis (SSc), anticentromere (ACA), anti RNA Polymerase (RNAP) II

*SSc onsetlefinedas the first symptom of SSc&naud phenomena other)

** early cancemdefined as diagnosed within five years of the ongetfokt clinical manifestationf SSc(Raynaud phenomenon or other)

*** early cancer defined asagnosed within five years of the onset of SSc skin changes compared with SSc patients without cancer witheayésaistdhdisease duratisimce SSc onséRaynaud
phenomenowr other)

" Extended period on therapy (either CCB or immunosuppression) defir2d@ssecutive years on therapy or >50% of follow-up time in ASCSf follow- up time was <2years
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Table 5.Correlatef cancer types by multivariable logistic regression analysis

Correlates,of breast cancel(n=74) OR (95%Cl) P
Age at SSc.onsktyears 1.03 (1.011.05) 0.005
Caucasiarethnicity 1.57 (0.485.12) 0.457
History of'smoking (current or previous) 1.13 (0.691.83) 0.626
Extended period on immunosuppression® 0.79 (0.451.41) 0.430
Extended period onatcium channel blockers 1.61 (0.992.63) 0.051
therapy®

Pregnancy history 0.66 (0.45-0.98) 0.041
GIT manifestations 2.99 (1.078.3%) 0.036
Correlates-of early breast cancer (n=27)

Age at SSe‘onsktyears 1.07 (1.03-1.11) <0.001]
Caucasiarethnicity 1.69 (0.22-13.3) 0.617
History.ef'smoking (current or previous) 0.42 (0.15-1.12) 0.095
Limited disease subtype 1.12 (0.33-3.72) 0.859
Extended.period on immunosuppressive therapy 0.81 (0.292.27) 0.691
Pregnancy history 0.87 (0.391.92) 0.727
Renal crisis 2.36 (0.45-12.3) 0.309
RNAP antibody 4.28 (1.29-14.2) 0.018
Correlates of lung cancer (n=25) OR (95%Cl) P
Age at SSc'onsttyears 1.01 (0.971.03) 0.810
Female 2.08 (0.577.51) 0.266
White ethnieity 1.04 (0.234.69) 0.960
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History of smoking (current or previous) 1.79 (0.734.39) 0.203
Extended.period on mmunosuppressive therapy 1.03 (0.42-2.56) 0.943
Anticentfomere antibodfACA) positive 0.22 (0.060.81) 0.023
Interstitial"tung diseasg@LD) 2.83 (1.09-7.31) 0.031
Pulmonary arterial hypertensigRAH) 2.52 (0.94-6.81) 0.068
Correlates-of hematological cancer (n=32) OR (95%Cl) P
Age at SSc onsktyears 1.04 (1.01-1.07) 0.007
Female 0.79 (0.312.03) 0.622
History efssmoking (current or previous) 1.14 (0.522.43) 0.736
Extended period on immunosuppressive therapy 1.27 (0.58-2.79) 0.557
SSespecific;antibody negative 0.35 (0.160.73) 0.005
Correlates'of melanoma (n=37) OR (95%Cl) P
Age at SSe onsttyears 1.01 (0.99-1.03) 0.428
Female 0.69 (0.281.73) 0.432
History of smoking (current or previous) 0.52 (0.261.05) 0.066
Extended-period onatcium channel blockers 2.01 (1.03-3.95) 0.042
therapy”

Extended-period on immunosuppressive therapy 0.62 (0.27-1.43) 0.262
Correlates ofearly melanoma (n=11)

Age at SSc onsgtyears 1.07 (1.02-1.13) 0.005
Female 0.34 (0.08-1.38) 0.131
History=ef'smoking (current or previous) 0.48 (0.13-1.75) 0.266
Immunosuppressive therapy 0.89 (0.27-3.00) 0.858
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*SSc onsetlefinedas the first symptom of SSc#nhaud phenomenar other)
~ Extended period on therapy definedas:onsecutive years on therapy or >50% of follow-up time in ASCSfifollow-up time was <2years

Author Manuscript
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Table 6. Healthcare utilization and associated lopsancer status (28-2015)

Cancer

Episodes.ef.care /atal healthcare cost (AUD$) No Cancer p-
Median 25"-75") Median 25"-75") value
Total healtheare cost per patient 2€08.5 52,798 (32,172-103,516) 35,810 (16,467-35,810) <0.001
Average annual cost per pati@ansisting of: 8,816 (6,401 — 12,308) 7,320 (5,076-10,368) <0.001
average annuadmission cost per patient 4,196.6 (2,676-6,489) 3,776 (2,291-5,928) 0.050
average-annual ED presentation cost per patient 443(0-866) 422 (0-746) 0.314
average annual MBS service cost per patient 3,164 (2,173-5,825) 2,319 (1,380-3,502) <0.001
Hospitalizations
Frequency of hospital visits per patient per annum 2.4 (1-4.4) 1.7 (1-3) 0.001
LOS per_episode 1(1-2) 1(1-3) 0.415
Reason for hospital admissifinop three)
1 Hemodialysis SSc
2 | Antineoplastic agent administration Iron defciencyanaemia
3 SSc Cataract
ED presentation
Annualfrequency of presentations per patient 1(1-2) 1(1-1.7) 0.247
Reason for ED presentati{top three)
1 Chest pain Chest pain
2 Intestinalobstruction Intestinalobstruction
3 Acute LRTI Dyspnoea
MBS utilization
Annuabfrequency ddervice utilzation per patient 88 (57-144) 73 (45-121) <0.001
Services-utilizedtop three)
1 Pathology (42.1%) Pathology (43.0%)
2| Professional attendances (29.8%) Professional attendances (30.2%)
3 Allied healthservices (14.0%) Allied healthservices (14.2%)
Abbreviations; standard deviation (SD), interquartile range (IQRYlicalBenefits Schedule (MBS), Emergency department (ED), length of stay (LOS), lower cegpnatt infection (LRTI),
scleroderma (SSc)pAll costs are in Australian Dollars (AUD)
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Figure Xa) Survival in SSc patients with and without cancethm ASCSprevdent cohort
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Figure 1(b) &rvival of SSc patients with and without cancer in an incident cgtiefined as SSc patients enrolled in the ASCS

within two years of SSc disease oriet
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