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Abstract

Purpose Despite known high-risk features, accurate identification of patients at high risk of cancer recurrence in colon
cancer remains a challenge. As tumour stroma plays an important role in tumour invasion and metastasis, the easy, low-cost
and highly reproducible tumour-stroma ratio (TSR) could be a valuable prognostic marker, which is also believed to predict
chemo resistance.

Methods Two independent series of patients with colon cancer were selected. TSR was estimated by microscopic analysis of
4 um haematoxylin and eosin (H&E) stained tissue sections of the primary tumour and the corresponding metastatic lymph
nodes. Patients were categorized as TSR-low (<50%) or TSR-high (> 50%). Differences in overall survival and cancer-free
survival were analysed by Kaplan—Meier curves and cox-regression analyses. Analyses were conducted for TNM-stage I-11,
TNM-stage III and patients with an indication for chemotherapy separately.

Results We found that high TSR was associated with poor cancer-free survival in TNM-stage I-II colon cancer in two inde-
pendent series, independent of other known high-risk features. This association was also found in TNM-stage III tumours,
with an additional prognostic value of TSR in lymph node metastasis to TSR in the primary tumour alone. In addition, high
TSR was found to predict chemo resistance in patients receiving adjuvant chemotherapy after surgical resection of a TNM-
stage II-III colon tumour.

Conclusion In colon cancer, the TSR of both primary tumour and lymph node metastasis adds significant prognostic value
to current pathologic and clinical features used for the identification of patients at high risk of cancer recurrence, and also
predicts chemo resistance.

Keywords Colon cancer - Tumour stroma ratio - TSR - Survival - Chemo resistance

Introduction mainly based on pathological staging of the tumour classi-

fied by the tumour-node-metastasis (TNM) classification of
Chances of survival of colorectal cancer differ widely among the American Joint Committee on Cancer (AJCC) [1, 2]. In
patients. In current clinical practice, the indication for post-  this, nodal involvement is the most important factor in the
operative systemic treatment is still under debate and is  identification of patients at high risk of cancer recurrence.
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For these patients, adjuvant chemotherapy would be indi-
cated. However, lymph node involvement alone proves to be
inadequate to assess the metastatic potential of a tumour. In
15-20% of all patients with a TNM stage I-II colon tumour,
a tumour assumed to be of low metastatic potential, cancer
recurs within 5 years after treatment [3, 4]. The American
Society of Clinical Oncology (ASCO) attempted to identify
high-risk patients within this node negative group with high-
risk features, e.g. T4 stage, bowel perforation or clinical
bowel obstruction, inadequate lymph node sampling, poorly
differentiated histology or lymph-angio invasion [5]. How-
ever, these features have been shown insufficient for accu-
rate identification of patients with an indication for adjuvant
chemotherapy [6]. To be able to identify patients at risk of
cancer recurrence more accurately, and prevent under- and
overtreatment, additional prognostic markers are needed.
Recent findings suggest that the tumour microenviron-
ment plays an important role in tumour invasion and metas-
tasis [7, 8]. This tumour microenvironment, referred to as
tumour-stroma, consists mainly of myofibroblasts, an acti-
vated form of fibroblasts [2]. Activation of fibroblasts is
mediated by growth factors as TGF-f and platelet-derived
growth factor (PDGF), cytokines, and metabolites released
by cancer cells [9-11]. Myofibroblasts regulate a number of
tumour-promoting functions. By activating the Wnt path-
way they stimulate the preservation of cancer stem cells
at the invasive front of the tumour and promote epithelial-
to-mesenchymal (EMT) transition which is suggested to
cause epithelial tumour cells to change to a mesenchymal
cell phenotype and thereby form more myofibroblasts [2,
7, 12]. Studies have shown that myofibroblasts promote
tumour invasion by secreting soluble factors as Hepatocyte
Growth Factor (HGF) and Secreted Protein Acidic and Rich
in Cysteine (SPARC), and by remodelling the extracellular
matrix, metalloproteinases and their inhibitors, produced
by both cancer and stromal cells [7, 13]. Myofibroblasts,
or cancer-associated fibroblasts, are known to express the
cell surface protease Fibroblast Associated Protein (FAP),
especially at the invasive part of the tumour. This protein
contributes to the invasive behaviour of cancer cells by sup-
pressing the anti-tumour immune response [14, 15]. It is also
involved in remodelling of the extracellular matrix, which
facilitates tumour migration [16]. The tumour-stroma itself
impacts the aggressive behaviour of cancer cells through
autocrine- and paracrine signalling, and mechanical pres-
sure. The stroma forms a physical barrier around the tumour
that increases the interstitial pressure and hypoxia in the
tumour. Cancer cells respond to hypoxic conditions through
the up-regulation of hypoxia-inducible factor 1a, a master
transcription factor that activates a whole range of genes
involved in angiogenesis, migration, metabolism, tumour
invasion and metastasis [17]. It has been suggested that this
growth stimulating micro-environment not only promotes
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tumour invasion and metastasis, but also chemotherapy
resistance of the tumour [18].

Multiple tumour microenvironment derived param-
eters have been suggested in literature, but few have been
implemented in clinical practice. To make a parameter
implementable in the pathologist’s routine diagnostics, its
assessment should be simple, reliable and cost-effective.
Tumour-stroma ratio (TSR), as described by Mesker et al.,
seems to comply with these requirements [19]. With this
method, the tumour microenvironment is assessed by stand-
ard microscopical analysis on conventional haematoxylin
and eosin (H&E)-stained sections of the most invasive
part of the tumour. A high stromal content, as estimated
using this method, has been associated with poorer survival
in a number of solid cancers, including colorectal cancer
[19-21]. Adding to this, tumour-stroma scoring in metastatic
lymph nodes has been suggested to predict survival even
more accurately [22, 23].

With this study we aim to assess the prognostic value
of tumour-stroma in colon tumours and their lymph node
metastases on oncological outcome, while using the scoring
technique described in detail by van Pelt et al., and estimate
its reproducibility [24]. In addition, we aimed to determine
whether high tumour-stroma content in colon tumours is
associated with chemo resistance in patients receiving adju-
vant chemotherapy.

Methods
Patients and data

The original series included all consecutive patients diag-
nosed with a TNM-stage I-III primary colon carcinoma, and
treated by complete oncological resection between January
2010 up to and including December 2016 at VieCuri Medi-
cal Centre. The following patients were excluded: patients
with carcinoma in situ, patients with metastatic disease at
time of surgery or metastasis within 3 months after surgery
as this was considered present at time of surgery, patients
with a neuroendocrine tumour because of different tumour
characteristics and prognosis, all rectal tumours because of
differences in tumour biology and treatment, and patients
of whom tumour tissue was missing or insufficient for re-
assessment. To confirm the findings found in this original
series, we reproduced this study in an independent study
cohort. An existing cohort of all consecutive patients diag-
nosed with a TNM-stage I-II primary colon carcinoma, and
treated by complete oncological resection from November
2002 up to and including December 2012 at Jeroen Bosch
Hospital was used as validation series. Exclusion criteria
covenant those of the original series. A flow chart of the
study is presented in Fig. 1.
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Original Series

Validation Series

946 patients underwent
oncological resection of CRC

258 rectal carcinomas

215 patients underwent
oncological resection of
TNM-stage |-l colon carcinoma

3 neuroendocrine tumours

7 carcinomas in situ

59 metastatic disease at diagnosis

19 metastasis within 3 months after surgery v

2 metastasis within 3 months after surgery
12 missing or insufficient tumour tissue

\

23 missing or insufficient tumour tissue

J 578 patients with TNM-stage
I-11l colon carcinoma

201 patients with TNM-stage
I-1l colon carcinoma

421 patients with
TSR-low tumour

157 patients with
TSR-high tumour

143 patients with
TSR-low tumour

58 patients with
TSR-high tumour

Fig.1 Flowchart of the study

Data from the Netherlands Cancer Registry (NCR) were
used. The NCR collects data on all newly diagnosed cancer
patients in the Netherlands, containing patient demograph-
ics, tumour characteristics and information on diagnosis and
treatment. The tumour-node-metastasis (TNM) classifica-
tion was used for stage notification of the primary tumour,
according to the edition valid at time of cancer diagnosis.
Additional data were collected from medical records of the
patients. This included information on histopathological
characteristics of the tumour, ASA-classification, comor-
bidities, follow-up and cancer recurrence.

Histopathological material and analysis

The amount of tumour-stroma was estimated by microscopic
analysis of 4 um haematoxylin and eosin (H&E)-stained tis-
sue sections of the primary tumour and the corresponding
metastatic lymph nodes using a scoring technique described
by van Pelt et al. [24]. In this, an X 2.5 or X 5 objective was
used to select the area appearing to have the highest amount
of tumour-stroma. Hereafter, an X 10 objective was used to
select an area with both tumour-stroma tissue and tumour
cells, where tumour cells were present at all quadrants of
the selected image field’s border. Then, the tumour-stroma
ratio (TSR) was estimated in a range from 10 to 90% per
10% increment. A cut-off value of 50% stroma was set to cat-
egorize patients as TSR-low (<50%) or TSR-high (>50%),
as determined in earlier research to be most discriminative
[20]. In case one metastatic lymph node was TSR-high, the
final score on the metastatic lymph nodes of this patient
was considered TSR-high. When assessing TSR of both pri-
mary tumour and lymph nodes together, TSR was considered

high when either the primary tumour or its metastatic lymph
nodes was categorized as TSR-high.

Histopathological scoring of TSR was conducted by two
independent assessors (MS and AG (research physicians) for
the original series and MS and TF (pathology resident) for
the validation series) at two different moments segregated
by minimum a week time. All assessors gained insight into
the scoring technique prior to starting this study by passing a
validated e-learning obtained from Leiden University Medi-
cal Centre from the UNITED study [25]. Intra- and inter-
observer agreement was analysed and consensus between
both assessors was reached. In case consensus could not
be reached, a third observer (AB, expert pathologist) was
decisive.

Endpoints and definitions

Primary endpoints of this study were overall survival (OS)
and cancer-free survival (CFS). OS was defined as the time
between date of surgery and the date of death or last follow-
up (with a maximum of 5 years) in months. CFS was defined
as the time from date of surgery until the date of cancer
recurrence, defined as the first date of either radiologic or
pathologic diagnosis of metastases or tumour recurrence
of colorectal cancer, or last follow-up (with a maximum of
5 years) in months. Patients dying without cancer recurrence
were censored on the day of death and patients being alive
at the date of last follow-up were censored at the date of last
follow-up.

Secondary endpoints were inter- and intra-observer
agreement in TSR-scores. The intra-observer agreement was
defined as the degree of agreement of TSR-scores by one
assessor on different moments in time. The inter-observer
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agreement was defined as the degree of agreement of TSR-
scores between both assessors. Intra- and inter-observer
agreement was defined as substantial in case a kappa-
coefficient of 0.61-0.80 was reached. In case of a kappa-
coefficient above 0.81, the agreement was defined as almost
perfect.

Statistical analyses

In this retrospective observational cohort study statistical
analyses were conducted for both series separately. Descrip-
tive statistics were performed to provide an overview of both
study populations. Continuous variables were expressed as
means + SD or median with interquartile range when not
normally distributed; categorical variables were shown as
counts and percentages. Between TSR-groups continuous
variables were compared using unpaired t-tests, and cat-
egorical variables were compared using Chi-square statis-
tics or Fisher’s exact test, as appropriate. Inter- and intra-
observer variability were determined using the Cohen kappa
coefficient.

Differences in OS and CFS survival according to TSR-
groups were visualized by means of Kaplan—Meier curves.
Univariable and multivariable cox-regression analyses were
conducted to calculate the prognostic association between
TSR and OS and CFS, while adjusting for other prognos-
tic variables. For each endpoint, variables included for
adjustment were chosen based on clinical judgment, differ-
ences at baseline and database availability. Those included
patient demographics (age, gender, comorbidities identified
at admission according to Charlson Comorbidity Index),
tumour characteristics (tumour stage, localisation, differen-
tiation, lymph-angio invasion) and treatment characteristics
(surgery, chemotherapy). Goodness of fit of the multivari-
able models was tested using the 2-log likelihood test. A
two-tailed p-value <0.05 was considered significant in all
analyses.

Data was analysed using IBM SPSS Statistics, version
25.0 IBM Corp, NY, Armonk, USA).

Results
Original series

A total of 578 patients were included with a median age
of 71 years (IQR 63-78). All cause-death occurred in 129
patients (22.3%) during a median follow-up of 56 months
(IQR 40-60). Cancer recurrence occurred in 95 patients
(16.4%) during a median follow-up of 55 months (IQR
37-60).

A total of 157 tumours (27.2%) were classified as
TSR-high (>50%). These tumours were more likely to
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comprehend one or more of the high-risk features T4
stage, lymph node metastasis and lymph-angio invasion,
as described by the ASCO [5], but not poor differentia-
tion (Table 1). Patients with a tumour classified as TSR-
high were more likely treated with adjuvant chemotherapy
(Table 1). Most patients were treated with both capecitabine
and oxaliplatin.

Validation series

The validation series consisted of 201 patients with a median
age of 73 years (IQR 65-79). During a median follow-up
of 60 months (IQR 35-60), all cause-death occurred in 40
patients (19.9%). Cancer recurrence occurred in 33 patients
(16.4%) during a median follow-up of 59 months (IQR
31-81).

In total 58 tumours (28.9%) were classified as TSR-high
(>50%). As in the original series, tumours classified as
TSR-high were more likely to comprehend the high-risk
feature lymph-angio invasion, as described by the ASCO
[5], but not poor differentiation (Table 1). The number T4
stage tumours in this series were too small to comment on
differences of this feature between TSR-groups.

Test reproducibility

The degree of agreement in scoring at two different moments
by one assessor (intra-observer agreement), and between the
final scoring of both assessors (inter-observer agreement)
was expressed as Cohen Kappa Coefficient. In the original
series this resulted in an intra-observer agreement of 0.798
and 0.738. The inter-observer agreement between MS and
AG was stated as 0.781. In the validation series, intra-
observer agreements were stated at 0.854 and 0.780, with
an inter-observer agreement of 0.876 indicating substantial
to almost perfect agreement.

Survival: TNM stage |-
Original series

All-cause death and cancer recurrence occurred signifi-
cantly more often in patients with a TSR-high colon car-
cinoma compared to those with a TSR-low tumour, 23
(28.4%) versus 49 (15.8%), p=0.026, respectively. In the
group of patients with a TSR-high colon carcinoma, can-
cer recurred in significantly more patients compared to the
group of patients with a TSR-low tumour, 15 (18.5%) ver-
sus 30 (9.6%) p=0.009, respectively. Univariable analysis
showed that OS and CFS were significantly lower in patients
with TSR-high tumours compared to TSR-low tumours;
HR=1.86 (CI; 1.13-3.06, p=0.015) and HR =2.04 (CI,;
1.10-3.80, p=0.024) for OS and CFS, respectively. After
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Table 1 Baseline characteristics
of the study population

Original series

Validation series

TSR-low TSR-high p-value TSR-low TSR-high p-value

Age* 71 (63—78) 70 (60—77) 0.075 72 (65—80) 73 (65—77) 0.743

Gender, n (%) 0.238 0.864
Male 202 (48.0) 84 (53.5) 77 (53.8) 32 (55.2)

Female 219 (52.0) 73 (46.5) 66 (46.2) 26 (44.8)

Comorbidities, n (%) 0.832 0.402
0 212 (50.4) 78 (49.7) 35(35.7) 15 (38.4)

1 127 (30.2)  45(28.7) 31(31.6) 10 (25.6)
>2 82 (19.5) 34 (21.7) 32(32.7) 14 (35.9)

ASA, n (%) 0.303
I-1I 361 (85.7) 128 (81.5)

I-1v 49 (11.6) 23 (14.6)
Missing 11 (2.6) 6 (3.8)

Surgery, n (%) 0.102 0.103
Elective 399 (94.8) 143 (91.1) 137(95.8) 51(87.9)

Acute 22 (5.2) 14 (8.9) 6(4.2) 7(12.1)

Tumour localisation, n (%) 0.393 0.845
Right colon 172 (40.8) 58 (36.9) 74 (51.7) 31(534)

Left colon 249 (59.2) 99 (63.1) 66 (46.2) 26 (44.8)
pT-stage, n (%) <0.001 -

Tl 42 (10.0) 1(0.6) 4(2.8) 0(0.0)

T2 104 (24.7)  9(5.7) 18 (12.6) 8 (13.8)

T3 248 (58.9) 118 (75.2) 121 (84.6) 49 (84.5)

T4 27 (6.4) 29 (18.4) 0(0.0) 1(1.7)

pN-stage, n (%) <0.001
NO 310(73.6) 79 (50.3)

N1 80 (19.0) 51(32.5)
N2 31(7.4) 27 (17.2)

TNM stage, n (%) <0.001 0.774
1 123(29.2) 7(4.5) 22 (15.4) 8 (13.8)

1I 188 (44.7) 74 (47.1) 121 (84.6) 50 (86.2)
1 110 (26.1) 76 (48.4)

Differentiation, n (%) 0.015 0.816
Well/moderate 329 (78.1) 139 (88.5) 124 (86.7)  51(87.9)
Poor/undifferentiated 80 (19.0) 17 (10.8) 19 (13.3) 7(12.1)

Missing 12 (2.9) 1 (0.6)

Lymph-angio invasion, n (%) 0.026 0.023
Yes 60 (14.3) 35(22.3) 20 (14.0) 16 (27.6)

No 332 (78.4) 107 (68.2) 123 (86.0) 42 (72.4)
Missing 29 (6.9) 15 (9.6)

Chemotherapy, n (%) <0.001
Yes 90 (21.4) 66 (42.0)

No 331 (78.6) 91 (58.0)

Chemotherapy, n (%) 0.205
Capecitabine + oxaliplatin 77 (18.3) 49 (31.2)

Capecitabine monotherapy 11 (2.6) 14 (8.9)
Other 2(0.5) 3(1.9)

*Non—normal distributed data presented as median with interquartile range
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adjustment for some possible confounders (age, tumour
stage, differentiation grade and lymph-angio invasion) in
multivariable analysis these associations remained signifi-
cant, HR=1.71 (CI; 1.02-2.87, p=0.042) and HR =2.05
(CI; 1.04-4.05, p=0.038).

Validation series

Also in the validation series, cancer recurred more often in
patients with a TSR-high tumour compared to those with a
TSR-low tumour (14 (24.1%) versus 19 (13.3%), p=0.060),
although only a trend that did not reach significance at the
p<0.05 level. Both univariable and multivariable analyses
(adjusted for age, tumour stage, differentiation grade and
lymph-angio invasion) showed that CFS was significantly
lower in patients with TSR-high tumours compared to TSR-
low tumours, HR=2.12 (CI; 1.06-4.23, p =0.033) and
HR =2.18 (CI; 1.07-4.43, p=0.031). In this series, there
was no significant association between TSR and OS (uni-
variable; HR =1.34 (CI; 0.69-2.60, p =0.383), multivari-
able; HR =1.64 (CI; 0.83-3.25, p=0.155)).
Table 2 shows the associations between TSR and CFS.

Survival: TNM-stage Il

TSR-high TNM-stage III tumours were associated with
poorer OS and CFS compared to TSR-low TNM-stage III
tumours. All-cause death and cancer recurrence occurred
in respectively 33 (43.4%) and 29 (38.2%) patients with a
TSR-high tumour, compared to 24 (21.8%) and 21 (19.1%)

confounders and other possible risk factors in multivari-
able analysis, OS and CFS remained significantly poorer in
patients with TSR-high tumours, HR =2.26 (CI; 1.26—4.03,
p=0.006) and HR =2.20 (CT; 1.18-4.08, p=0.013). Lymph-
angio invasion and treatment with adjuvant chemotherapy
were identified as confounding variables for both OS and
CFS. Additional confounding variables included for mul-
tivariable analysis were age and N-stage in case of CFS,
and age, comorbidities and tumour localisation in case of
overall survival.

Lymph node metastases were present in 186 out of 578
patients (original series) according to TNM-classification.
However, lymph node slides of 5 patients were missing,
leading to exclusion of these patients for TSR assessment
of lymph nodes. In 46 patients at least one lymph node was
found to be TSR-high. In 58 patients (32.0%) the TSR clas-
sification varied between the assessment of the primary
tumour and its metastatic lymph nodes (Table 3). Combining
TSR-analysis of the primary tumour and lymph nodes led to
restaging of 15 patients (8.3%) with a TSR-low tumour to the
TSR-high group. This restaging increased the 5-year CFS of
the remaining TSR-low group from 80% (TSR-low in PT)
to 85% (TSR-low in PT and LN). Within all patients with
a TSR-low primary tumour, the risk of cancer recurrence
within 5 years after treatment was over two times higher in
case of one or more TSR-high lymph nodes (n=15) (unad-
justed HR =2.66 (CI; 1.02-6.93), p =0.045).

Table 3 Overview of TSR on primary tumour versus lymph nodes

patients with a TSR-low tumour. Univariable analysis ~ Lymphnodes Primary tumour
showed that OS and CFS were significantly lower in patients TSR-low TSR-high
with a TSR-high tumour compared to those with a TSR-low TSR 97 (36.0% 13 (5817
tumour, HR =2.16 (CI; 1.28-3.66, p=0.004) and HR = 2.41 TSR'h?Wh . (14‘0;) . (41'9;)
(CL; 1.36-4.27, p=0.003). After adjustment for identified -hig (14.0%) (@1.9%)
Table 2 Association between tumour-stroma ratio and cancer-free survival in TNM-stage I-II colon tumours
Original series Validation series
HR (95% CI) p value HR (95% CI) p value

Unadjusted Unadjusted

TSR-low (£50%) (n=311,79.3%) 1 (reference) TSR-low (£50%) (n=143,71.1%) 1 (reference)

TSR-high (>50%) (n=81,20.7%) 2.04(1.10—3.80) 0.028 TSR-high (>50%) (n=58,28.9%) 2.12(1.06—4.23) 0.033
Model 1 Model 1

TSR-low (<50%) (n=311,79.3%) 1 (reference) TSR-low (£50%) (n=143,71.1%) 1 (reference)

TSR-high (>50%)  (n=81,20.7%) 2.16 (1.14—4.11) 0.018 TSR-high (>50%) (n=58,28.9%) 2.14 (1.07—4.27) 0.031
Model 2 Model 2

TSR-low (<50%) (n=268,68.4%) 1 (reference) TSR-low (£50%) (n=143,71.1%) 1 (reference)

TSR-high (>50%) (n=66,16.8%) 2.05(1.04—4.05) 0.038 TSR-high (>50%) (n=58,28.9%) 2.18 (1.07—4.43) 0.031

Model 1. Adjusted for age

Model 2. Adjusted for age, tumour stage, differentiation grade and lymph—angio invasion

HR hazard ratio, CI confidence interval, TSR tumour—stroma ratio
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This TSR-high group (TSR-high in primary tumour and/
or lymph node) showed an even higher HR on cancer recur-
rence within 5 years after treatment than TSR-high status
on the primary tumour alone (HR =2.14 (CI; 1.12-4.10),
p=0.022). Table 4 shows the association between TSR and
CFS after restaging according to TSR in metastatic lymph
nodes.

Chemo resistance

Out of all 578 patients in the original series, 156 patients
received adjuvant chemotherapy (CT) after curative resec-
tion of their tumour. Among them were 128 patients (82.1%)
with a TNM-stage III tumour, and 28 patients (17.9%) with
a TNM-stage II tumour. In another 107 patients CT was
indicated according to the current treatment guidelines, but
treatment was waived.

Patients receiving CT were significantly younger and had
less severe comorbidities, compared to those not receiving
adjuvant treatment. The tumour was more often located in
the left-sided colon, and surgery was mostly performed in
elective setting, It is notable that, when indicated, it was
more likely that CT was administered in case of a TNM-
stage III tumour, compared to a high-risk TNM-stage II
tumour. Table 5 shows the descriptive characteristics of all
patients for whom CT was indicated.

The risk of cancer recurrence in patients for whom
CT was indicated but treatment was waived did not differ
between patients with TSR-low and TSR-high tumours,
independent of confounders (HR=1.10 (CI; 0.44-2.72,

p=0.845)). Patients with TSR-low tumours receiving CT
were less likely to experience cancer recurrence compared
to those not receiving CT despite the indication for this treat-
ment (HR =0.34 (CI; 0.14-0.86, p=0.023), independent of
the identified confounders (age, comorbidities and tumour
stage). In contrast, receiving CT when indicated was not
associated with a lower risk of cancer recurrence in TSR-
high tumours (HR =0.90 (CI; 0.40-2.04, p=0.799), inde-
pendent of identified confounders. Of all patients treated
with CT, patients with a TSR-high tumour had a 4.2 times
higher risk to develop cancer recurrence compared to
patients with a TSR-low tumour, p <0.001. Kaplan—Meier
curves for CFS according to adjuvant chemotherapy strati-
fied by TSR were presented in Fig. 2. Table 6 shows the
association between CT and cancer recurrence, according
to TSR.

Discussion

In this observational retrospective cohort study we validated
the tumour-stroma scoring method developed by the Leiden
University Medical Centre as a reproducible method with
prognostic value. As in other studies, TSR was more often
low in TNM-stage I and II disease compared to TNM-stage
III disease, which emphasises the importance of stratifica-
tion on TNM-stage when assessing the prognostic value [26,
27]. In the present study, TSR-high TNM-stage I-II tumours
showed to be associated with more than twice the risk of
cancer recurrence within 5 years after curative treatment,

Table 4 Association between tumour-stroma ratio and cancer-free survival in TNM-stage III colon tumours

Primary tumour only

Primary tumour and lymph nodes

HR (95% CI) p value HR (95% CI) p value
Unadjusted Unadjusted
TSR-low (£50%) (n=110,59.1%) 1 (reference) PT and LN TSR-low (n=92,49.5%) 1 (reference)
(£50%)
TSR-high (>50%) (n=76,40.7%) 2.41(1.36—4.27) 0.003 PT or/and LN TSR-high (n=89,47.8%) 2.73 (1.46—5.11) 0.002
(>50%)
Model 1 Model 1
TSR-low (£50%) (n=110,59.1%) 1 (reference) PT and LN TSR-low (n=92,49.5%) 1 (reference)
(£50%)
TSR-high (>50%) (n=76,40.7%) 2.26 (1.25—4.11) 0.007 PT or/and LN TSR-high (n=89,47.8%) 2.55(1.35—4.83) 0.004
(>50%)
Model 2 Model 2
TSR-low (£50%) (n=110,59.1%) 1 (reference) PT and LN TSR-Low (n=92,49.5%) 1 (reference)
(£50%)
TSR-high (>50%) (n=76,40.7%) 2.07 (1.13—3.77) 0.018 PT or/and LN TSR-High (n=89,47.8%) 2.14(1.12—4.10) 0.022
(>50%)

Model 1. Adjusted for age

Model 2. Adjusted for age, N-stage, lymph—angio invasion and treatment with adjuvant chemotherapy (yes/no)

HR hazard ratio, CI confidence interval, 7SR tumour—stroma ratio, PT primary tumour, LN lymph node
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Table 5 Descriptive

e . No adjuvant chemo-  Adjuvant chemotherapy p value
Characterl.stlcs of patients for therapy
whom adjuvant chemotherapy
treatment is indicated Age* 77 (69—81) 66 (60—72) <0.001
Gender, n (%) 0.007
Male 41 (38.3) 86 (55.1)
Female 66 (61.7) 70 (44.9)
Comorbidities, n (%) <0.001
0 37 (34.6) 93 (59.6)
1 33 (30.8) 46 (29.5)
>2 37 (34.6) 17 (10.9)
ASA, n (%) <0.001
I-II 73 (68.2) 146 (93.6)
m-1v 21 (19.6) 10 (6.4)
Surgery, n (%) 0.001
Elective 84 (78.5) 144 (92.3)
Acute 24 (21.5) 12 (7.7)
Tumour localisation, n (%) 0.027
Right colon 53 (49.5) 56 (35.9)
Left colon 54 (50.5) 100 (64.1)
pT-stage, n (%) 0.140
T1 1(0.9) 3(1.9)
T2 7 (6.5) 15 (9.6)
T3 69 (64.5) 112 (71.8)
T4 30 (28.0) 26 (16.7)
pN-stage, n (%) <0.001
NO 48 (44.9) 27 (17.3)
N1 42 (39.3) 89 (57.1)
N2 17 (15.9) 40 (25.6)
TNM stage, n (%) <0.001
1I 49 (45.8) 28 (17.9)
m 58 (54.2) 128 (82.1)
Differentiation, n (%) 0.838
Well/moderate 82 (76.6) 120 (76.9)
Poor/undifferentiated 24 (22.4) 33 (21.2)
Lymph-angio invasion, n (%) 0.903
Yes 37 (34.6) 54 (34.6)
No 63 (58.9) 95 (60.9)
Chemotherapy, n (%)
Capecitabine + oxaliplatin 126 (80.8)
Capecitabine monotherapy 25 (16.0)
Other 5(@3.2)

*Non—normal distributed data presented as median with interquartile range

in two independent series, independent of most known
high-risk features [5]. In the original series, this reflected
on the OS, with significantly poorer survival in TSR-high
tumours. This was not confirmed for the validation series,
in which more patients probably died due to non-cancer
related causes. However, the prognostic value for cancer
recurrence, also found in several other studies, implies that
TSR is a new high-risk feature that should help us improve
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the identification of lymph node negative high-risk cases
[19-22].

In lymph node positive patients, TSR of the primary
tumour showed to be of prognostic value for CFS, inde-
pendent of most known high-risk features and treatment
with adjuvant chemotherapy. Additionally, we have shown
that combining TSR of the primary tumour and metastatic
lymph nodes adds prognostic value to TSR of the primary
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Fig.2 Kaplan-Meier curves of A w0l—
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tumour alone, regardless of N-stage. This result is in line
with the findings of the only other study examining TSR
in metastatic lymph nodes (n=102) in colon cancer [22].
TSR in the primary tumour and its metastatic lymph nodes
was heterogeneous, which may be explained by the changing
intracellular signalling within the tumour microenvironment
during tumour progression [28]. Such heterogeneity has also
been described by studies investigating expression patterns
of other prognostic markers [29-31]. From this, we believe

- p=0023
Adjuvant Chemotherapy
Indicated, not treated
MTreated
12 24 3% 48 €0
Time since surgery (months)
54 44 39 28 22
86 83 80 66 5
T
!
]
’ L p=0799
Adjuvant Chemotherapy y
Indicated, not treated
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12 24 3% 48 60
Time since surgery (months)
26 22 18 13 9
57 48 44 36 20

that TSR has an additional value in predicting CFS in TNM-
stage III colon cancer, and should from now on be assessed
in both primary tumour and metastatic lymph nodes.
While TSR proves to be of prognostic value in oncologi-
cal outcome and can aid in the identification of patients
at high-risk of cancer recurrence, our results do not sup-
port treatment with adjuvant chemotherapy in these by
TSR defined high-risk patients. No improvement of CFS
in patients with a TSR-high tumour receiving adjuvant
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Table 6 Association between adjuvant treatment with chemotherapy and cancer-free survival, stratified according to TSP-groups

TSR-low tsr-high
HR (95% CI) p value HR (95% CI) p value

Unadjusted Unadjusted

No CT (n=171, 66.4%) 1 (reference) No CT (n=36,33.6%) 1 (reference)

CT (n=90, 57.7%) 0.37 (0.17—0.79) 0.010 CT (n=066, 42.3%) 1.15 (0.55—2.40) 0.708
Model 1 Model 1

No CT (n=171, 66.4%) 1 (reference) No CT (n=36, 33.6%) 1 (reference)

CT (n=90, 57.7%) 0.41 (0.17—0.98) 0.045 CT (n=66, 42.3%) 1.14 (0.53—2.48) 0.737
Model 2 Model 2

No CT (n=171, 66.4%) 1 (reference) No CT (n=36, 33.6%) 1 (reference)

CT (n=90, 57.7%) 0.34 (0.14—0.86) 0.023 CT (n=66,42.3%) 0.90 (0.40—2.04) 0.799

Model 1. Adjusted for age and comorbidities

Model 2. Adjusted for age, comorbidities, and tumour stage

HR hazard ratio, CI confidence interval, 7SR tumour—stroma ratio, CT chemotherapy

chemotherapy was found, while adjuvant chemotherapy led
to significant improvement of CFS in patients with a TSR-
low tumour. These results are in line with results found in
studies regarding the value of TSR as predictor of response
to neoadjuvant chemoradiotherapy [32, 33]. So, not only
tumour invasion and metastasis, but also treatment response
is largely influenced by the tumour microenvironment, a the-
ory supported by the results of our study [34]. The tumour
microenvironment is characterised by rigidity, hypoxia and
an altered composition of paracrine factors [35]. Hypoxia
leads to a reduction in drug availability through upregula-
tion of drug transporters promoting drug efflux, decreasing
the catalytic ability of cytochrome p450 which leads to drug
retention, and creating an acid environment reducing the
drugs ability to cross the hydrophobic plasma membrane of
cancer cells. Matrix rigidity activated signalling pathways
associated with cell survival and apoptosis, while paracrine
factors of the tumour microenvironment promote pro-sur-
vival signalling pathways promoting cancer stem cell self-
renewal [35-39]. All three characteristics promote EMT,
which is known to facilitate cell migration, aid invasiveness
and increases resistance to apoptosis, and to be highly chemo
resistant [35-39]. Moreover, in vitro models show that the
tumour microenvironment not only causes chemo resistance,
but also promotes further tumour growth by upregulation
of growth factors as TGF-f and IL-17A when targeted by
chemotherapy [34]. This stretches the importance of iden-
tifying treatments targeting tumour microenvironment in
addition to targeting tumour cells alone.

The present study strengthens the value of TSR as prog-
nostic marker in the identification of patients at high-risk
of cancer recurrence in both lymph node positive and nega-
tive patients, regardless of other known high-risk features.
It also confirms the additional prognostic value of TSR
in metastatic lymph nodes to TSR in the primary tumour
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alone in lymph node positive patients. Not only can TSR
serve as a prognostic marker that aids the identification of
patients at high-risk of cancer recurrence, but also of those
less likely to benefit from standard adjuvant chemotherapy.
This implicates its potential role in a therapeutic algorithm
needed to ensure that the risk of treatment-related compli-
cations is only taken when benefit of treatment is likely.
When implementing TSR as additional prognostic marker,
treatment risks can be further specified, which is espe-
cially important in this era of shared decision making and
an aging population bringing more age-related risk factors
for developing treatment-related complications. Benefits of
other treatments, targeting stromal components as immune
cells and extracellular matrix components, should be further
explored as it is believed that combination therapies target-
ing both cancer- and stromal cells can generate better tumour
response [40].

The main limitation of this study was its retrospective
character. For this, selection bias could not be fully excluded
due to missing tumour slides and the use of a validation
series which was formed prior to this study, lacking TNM-
stage III tumours and possibly excluding some TNM-stage
IT patients receiving chemotherapy. Also, residual confound-
ing may have occurred despite the fact that we were able
to adjust for some important confounders within database
availability. Unfortunately, we were not able to determine
cancer-specific survival due to missing information about
cause of death in a large number of patients. There were
also some important strengths to this study. The large num-
ber of included patients allowed us to stratify according to
lymph node positive and lymph node negative disease, and
conduct sub-analyses for patients for whom adjuvant chemo-
therapy was indicated, while correcting for multiple known
confounders. The entirety of variables in this dataset enabled
us to include most possible confounders.
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In conclusion, the TSR in colon cancer in both primary
tumour and lymph node metastasis adds significant prog-
nostic value to current pathologic and clinical features
used for the identification of patients at high risk of cancer
recurrence. A high TSR is not only associated with a poor
CFS in TNM-stage I-III colon cancer, but also predicts
chemo resistance in TNM-stage II-1II colon cancer, which
stretches the importance of identifying treatments target-
ing the tumour microenvironment to improve the prognosis
of these high-risk patients by giving them a suitable treat-
ment. A prospective study validating TSR as a prognostic
marker would be preferable, and has already been started
[41] . However, since the prognostic value of TSR has
now been described in several retrospective studies, and
TSR scoring shows to be easy, highly reproducible and low
cost, we recommend incorporating TSR in the current list
of high-risk features.
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