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Background: The available evidence in locally advanced rectal cancer (LARC) suggests a low prevalence of
deficient mismatch repair (AIMMR) protein status, approximating 1-3%.

Methods: Patients with LARC who were offered long course chemoradiation (LCRT), as per institution
protocol during the period of 1st January 2014 to 31st December 2015 at Tata Memorial Hospital (TMH) in
Mumbai were evaluated for outcomes and assessment of MMR status.

Results: A total of 419 patients were evaluated for LARC in TMH, of whom 354 were treated with LCRT.
Of these 354 patients, 296 were assessable for MMR status based on tissue adequacy for testing. Three
patients (1.01%) has dMMR status, while the remaining 293 patients had proficient MMR status. A total of
240 patients (67.8%) underwent curative intent resections. With a median follow-up of 32 months, estimated
3-year recurrence free survival (RFS) and overall survival (OS) for the resected group was 63.5% and 85.2%,
respectively, while 3-year event free survival and OS for the unresected cohort was 15.2% and 15.8%,
respectively. Signet ring histology, higher ypT stage, involved margin status post resection, and delays (>1
week) in LCRT were associated with inferior OS on multivariate analysis.

Conclusions: In a large LARC cohort, a majority of tumors had proficient MMR status, suggesting that
MSI as a biomarker may have limited applicability in the management of rectal cancers. Signet ring histology,

CRM involvement post resection, higher ypT stage and interruptions in LCRT predicted for inferior OS.
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Introduction

Colorectal cancers (CRC) primarily develop via a
chromosomal instability pathway, though 12-15% of
tumors also develop due to a deficient DNA mismatch
repair (AMMR) characterized by microsatellite instability
(MSI) (1). Most studies evaluating the incidence of
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dMMR have looked at CRC collectively, with a major
focus on its differential incidence across stages and benefit
with 5-fluorouracil (2-4). The available evidence in a
pure rectal cancer cohorts suggests a lower incidence of
dMMR, approximating 1-3% (4-6). Beyond incidence
rates of dMMR status, there is enough evidence to suggest
good correlation between measuring MMR status by
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immunohistochemistry (IHC) for the MMR proteins,
and MSI analysis by polymerase chain reaction (PCR)
(7,8). IHC has high sensitivity for detecting MSI-H
status (>90%) and is a cost effective method to screen and
evaluate MSI status.

Available evidence from India suggests that rectal cancers
are commoner than colonic primaries, the age at incidence
is younger and there is an advanced stage at presentation
as compared to available data from North American and
European countries (9-11). Previous data published from
our institution (patients treated between June 2006 and
December 2010) and other centres in India have shown
curative resection ranging from 72% to 98%, though overall
survivals (OS) have been similar (12-14) post treatment with
long course chemoradiation (LCRT) in LARC. However, all
the Indian studies used computerized tomography (CT) based
imaging for rectal primary, whereas the current imaging
standard for local rectal primary should be MRI based due to
its superiority in assessment of primary, mesorectal nodes and
extramesorectal nodes (15-17).

Studies from India have commented on the relatively
increased bulk of disease and advanced stage of
presentation of non-metastatic rectal cancers, but there is
unclear evidence in terms of factual documentation and
classification of these tumors as bulky or ‘ugly’ tumors. The
classification of LARC into favourable, intermediate and
advanced as suggested by Blomqvist et 4/. is a convenient
and easy to use method and is an indicator of local disease

burden (18).

Methods

Patients with LARC who were offered LCRT, as per
institution protocol during the period of 1st January
2014 to 31st December 2015 at the Department of
Gastrointestinal Oncology, Tata Memorial Hospital (TMH)
in Mumbai were evaluated. The study was approved by the
Institutional Review Board (IRB) and Ethics Committee
(EC) (IEC/1116/1799/001) and was conducted as per
the declaration of Helsinki guidelines. Patient data was
extracted from a prospectively maintained rectal cancer
database at TMH.
Patients included in the study satisfied all the following
criteria:
() Histologically confirmed adenocarcinoma of the
rectum, either T3/T4 and or node (N) positive
as per clinical examination and contrast enhanced

MRI (CE-MRI) of the rectum;
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(II) No evidence of metastases, based on contrast
enhanced CT (CECT) scans or 18-FDG contrast
enhanced positron emission tomography (PET)
scan;

(IIT) Planned for LCRT based on staging characteristics;

(IV) Availability of rectal biopsy specimen for dMMR
status testing by IHC.

Baseline staging for all patients included a complete
physical examination, colonoscopy, CECT (Thorax,
Abdomen) or 18 FDG PET-CT, CE-MRI pelvis and
carcinoembryonic antigen (CEA) levels.

IHC for MMR status

In all the cases, histopathologic sections, including
hematoxylin and eosin (H&E) stained and IHC stained
sections were reviewed by in house pathologists.

Patients satisfying the above criteria were included in
the study and the formalin fixed paraffin embedded blocks
(FFPE) of these patients were retrieved and tested for
MMR status by IHC for the protein expressed by the MMR
genes, MLHI1, MSH2, MSHG6, and PMS2, respectively.
IHC staining was performed using the MACH?2
Universal HRP Polymer detection kit (Biocare Medical,
CA, USA) including peroxidase/3-3-diaminobenzidine
tetrahydrochloride (DAB). Details of the various IHC
antibody markers, have been enlisted in Table S1. IHC
scoring for the following markers were as follows:

MLH1, MSH2, MSH6 or PMS2

%  Tumor cells nuclei exhibiting brown staining

for each of these markers is considered as MMR
proficient (pMMR);

%  Tumor cell nuclei not displaying any brown
staining for any of these markers is considered as
MMR deficient (d{MMR).

Normal mucosa and infiltrating leucocytes were used as
internal controls for evaluation of the IHC.

Radiological classification of tumors

Reports of baseline CE-MRI’s of patients were reviewed
and all tumors were retrospectively classified as into three
groups as detailed below:
(I) Favorable—tumors satisfying all the following
criteria:
s T3 tumors;
% circumferential margin (CRM) negative;
% node negative;
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(II) Intermediate:

s T3 tumors with CRM threatened, but
technically CRM negative or/and N1/N2;

% T4 tumors with peritoneal and vaginal

involvement only, irrespective of N status;

(TIT) Advanced:

% T4 with overgrowth to prostate, seminal
vesicles, base of urinary bladder, pelvic side
walls or floor, sacrum, positive lateral lymph
nodes;

< All CRM positive tumors.

Treatment protocol

Radiotherapy protocol—radiotherapy was given to a dose of
45-50.4 Gy in conventional fractionation (180-200 cGy per
fraction, one fraction per day and five fractions per week)
with treatment ranging between 5-5.5 weeks.

Chemotherapy protocol—all the patients received oral
capecitabine concurrently to a dose of 850 mg/m’ in twice
daily for the duration of radiotherapy. Patients receiving 5
FU as concurrent chemotherapy were not included in study.
Interruptions in LCRT >1 week, either due to radiotherapy
or chemotherapy, were also noted.

Evaluation for resection

Patients were evaluated with CE-MRI 6-8 weeks post
completion of LCRT. Responses were recorded as complete
response (CR), partial response (PR), stable disease (SD) or
progressive disease (PD) based on changes in signal tumor
intensity, regression in tumor and nodal size, regression
in CRM status and presence of fibrosis on 12 weighted
sequences (16,19). Patients were taken up for surgery
based on multidisciplinary assessment if they satisfied the
following criteria:

(I) CRM negativity;

(II) Absence of extension through the greater sciatic
notch, encasement of external iliac vessels, para-
aortic lymphadenopathy, or sacral invasion above
S2-83 junction;

(III) RO resection possible.

Patients with extensive side-wall involvement were
considered for local resection based on a case-to-case
scenario.

Patients who were considered unresectable post LCRT
were offered chemotherapy with an attempt to further
downstage disease status to resectable status. Patients
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were offered potentially neoadjuvant intent capecitabine-
oxaliplatin (CAPOX), or modified 5 fluorouracil-
leucovorin-irinotecan-oxaliplatin (nFOLFIRINOX without
bolus 5 FU) for 2-3 months based on assessment by medical
oncologist. Our institution as well as others have previously
published data regarding this approach (20,21). Dosages and
schedules were as per standard schedules. A repeat MRI was
conducted post neoadjuvant therapy to assess resectability
status. The reasons for neoadjuvant chemotherapy were
documented for all patients who received the same. Patients
who were not feasible for resection post neoadjuvant
chemotherapy were offered the option of continuing
chemotherapy with palliative intent.

Patients were offered CAPOX or single agent capecitabine
as adjuvant chemotherapy to complete 6 months of
perioperative therapy. Post completion of planned therapy,
patients were kept on surveillance as per institution protocol.

Prognostic factors

Pre-defined prognostic factors evaluated for correlation
with OS were:
% Younger age at diagnosis (<40 vs. > 40 years);
% Degree of differentiation (poorly differentiated wvs.
well/moderately differentiated adenocarcinoma);
%  Signet ring (SR) histology (presence vs. absence);
% mucinous histology (presence vs. absence);
% tumor location (upper vs. mid vs. lower);
s T stage;
« N stage;
%  Favourable vs. intermediate vs. advanced as per
previously mentioned criteria;
%  Baseline CEA status [> upper limit of normal
(ULN) vs. within ULN].

Treatment related factors and correlation with survival

Pre-defined post LCRT related factors were assessed for
correlation with OS:

% ypT0-T2 vs. ypT3-4;

s ypNO vs. ypN+;

% TRG 1-3 vs. TRG 4-5;

% Margin status (involved vs. uninvolved);

% Presence of pathological CR vs. absence of CR.

Clinical data collection and statistics

For the purposes of this study demographic data and
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baseline clinical and tumor characteristics, LCRT,
surgical procedures and outcomes were collected from the
charts maintained prospectively (GI Medical Oncology
Information System and electronic medical record system).
All data was entered in SPSS software version 21 (IBM) and
used for analysis. Descriptive statistics including median,
frequency and percentage for categorical variables is used to
describe age, gender distribution, treatment and response
to treatment. Survival outcomes in terms of recurrence
free survival (RFS) and OS were analysed for patients
undergoing resection of the primary. Median RFS was
calculated from the date of diagnosis to the date of clinical
or radiological evidence of disease recurrence. Survival for
patients not undergoing resection was reported as event free
survival (EFS). Median EFS was calculated from the date of
diagnosis to the date of clinical or radiological evidence of
disease progression or the last follow-up date. Median OS
was calculated from the date of diagnosis until last follow-
up or death. Survival analysis was done using Kaplan-
Meier estimates and log rank test for bivariate comparisons.
Variables achieving statistical significance (P<0.05) on
univariate analysis were evaluated for multivariate analysis
by cox-regression.

Results
MMR status

A total of 419 patients were evaluated for LARC in TMH
in the pre-specified time period, of whom 354 satisfied
the stated inclusion criteria and were treated at TMH
with LCRT. Of these 354 patients, 296 were assessable for
MMR status based on tissue adequacy for testing (272 pre
NACTRT and 24 post-operative specimens). Three patients
(1.01%; n=296) had dMMR status, while the remaining
293 patients had proficient MMR status. The first patient
had loss of MLHI1 and PMS2 expression, second patient
had loss of MLH1 and MSH 6 expression while the third
patient had loss of MSH2 and MSH6 expression.

Baseline characteristics and details of baseline T & N
staging as per MRI is reported in 7able 1. Administration of
LCRT and responses along with details including responses
to neoadjuvant chemotherapy post LCRT are reported in
Tables S2,S3 respectively.

Resection details and pathological staging are described
in Table 2. A total of 240 patients (67.8%) underwent
curative intent resection of local rectal cancer. The
majority of surgeries conducted were anterior resection and
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abdominal perineal resection in 98 patients (40.8%) each.
Pathological CR was seen in 62 patients (17.5%; n=354).
Adjuvant chemotherapy details are reported in Table S4.

Recurrence patterns and survival

With a median follow-up of 32 months, a total of
146 patients (41.2%) had events (either recurrence or
progression) in the entire cohort with median EFS not
reached (Table 3). The estimated 3-year RFS for the
resected cohort was 63.5%), while the 3-year EFS for the
unresected cohort was 15.2%. One hundred ten patients
(31.1%) had died at time of follow-up with median OS not
achieved. The estimated 3-year OS for the resected cohort
was 85.2% while it was 15.8% for the unresected cohort.

Prognostic factors for OS—pre-treatment

Of the factors planned for evaluation as prognostic, signet
ring histology (P<0.001), mucinous histology (P=0.047), T
stage (P=0.030) and the subdivisions of LARC (P=0.045)
achieved statistical significance on univariate analysis. On
multivariate analysis, only signet ring cancers retained
statistical significance in predicting outcomes (P<0.001;

95% CI, 1.27-3.06) (Tuble 4).

Predictive factors for OS—post LCRT

Of the factors evaluated as predictive of outcomes post
LCRT on pathological staging, ypT0-2 vs. ypT3-4 status
(P=0.041), and margin status (P=0.001) predicted for
statistically significantly reduced OS. On multivariate
analysis, both factors, presence of margin involvement
(P=0.010; 95% CI, 1.27-5.70) and higher ypT status
predicted for reduced OS (P=0.048; 95% CI, 0.21-0.99).

Delays in LCRT, either radiotherapy or concurrent
chemotherapy component of greater than 1 week also
predicted for statistically significant reduction in OS
(P=0.003) (1uble 5).

Discussion

The concept of MSI-H status characterizing an entire
subset of CRC along with the development of the
CMS molecular subtyping has completely changed our
understanding of CRC (22-24). The use of MSI-H status
as a tumor agnostic marker for response to Pembrolizumab
has further underscored the importance of this biomarker in
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Table 1 Baseline characteristics

Characteristic n (% where applicable)

Median age (years) 47 17-62]
<40 years 129 (36.4)
>40 years 225 (63.6)

Gender
Male 253 (71.5)
Female 101 (28.5)

Site of disease
Upper 1/3 35(9.9)
Middle 1/3 110 (31.1)
Lower 1/3 209 (59.0)

Mucinous histology
Yes 63 (17.8)
No 291 (82.2)

Signet ring (SR) histology
Yes 62 (17.5)
No 292 (82.5)

Baseline CEA status
CEA > ULN 233 (65.8)
CEA < ULN 107 (30.2)
NA 14 (4.0)

Baseline tumor (T) stage
T2 26 (7.3)
T3 244 (68.9)
T4 84 (23.7)

Baseline nodal (N) stage
NO 43 (12.1)
N+ 311 (87.9)

Presence of extramesorectal

nodes
Yes 139 (39.3)
No 214 (60.5)
Information not available 1(0.3)

Table 1 (continued)
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Table 1 (continued)

Characteristic n (% where applicable)

Baseline classification of LARC

Favorable 18 (5.1)

Intermediate 181 (51.1)

Advanced 155 (43.8)
Baseline radiological CRM status

CRM involved 155 (43.8)

CRM uninvolved 199 (56.2)

LARC, locally advanced rectal cancers; CRM, circumferential
margin; ULN, upper limit of normal.

the clinical setting (25). In such a scenario, the use of a cost-
effective and largely interconvertible method of MSI testing
(as opposed to PCR), i.e., MMR protein testing by IHC,
expands the reach and usefulness of such testing.

The current study has a carefully selected cohort of
LARC patients (majorly stage III) receiving a consistent
treatment protocol of LCRT. The prevalence of dMMR
status seen in this study was 1.01%. This is a reiteration of
the low prevalence of dAMMR in rectal cancers as opposed
to the blanket value of dAMMR status of 15% in CRC that is
often quoted (3). A similarly low prevalence of AMMR was
seen in the stage II rectal cancer cohort in the QUASAR
study (1%) (4). Such results suggest that dMMR will not
be a major determinant of prognosis or treatment in rectal
cancers. Further clinical evidence of such an effect is seen
with the relative lack of benefit of adding oxaliplatin with
5-FU based concurrent chemoradiation as neoadjuvant
therapy. Besides an increase in pathological CR rates in one
study, none of the studies showed a relevant improvement
in resection rates or survival (26-28). The low prevalence
of dMMR status may circumvent the potential benefit
seen with oxaliplatin based regimens in dMMR rectal
cancers (29). Additionally, considering the controversial
risk (long term toxicities, especially oxaliplatin induced
neuropathy) vs. benefit ratio of adjuvant chemotherapy in
rectal cancer patients treated with LCRT and surgery, the
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Table 2 Details of surgery and pathological staging Table 3 Recurrence patterns and survival

n (% where n (% where

Characteristic applicable) Characteristic applicable)
Surgery Resected patients 240 (67.8)
Unresected primary rectal cancer 114 (32.2) Recurrence 78 (30.0)
Resected primary rectal cancer 240 (67.8) Sites of recurrence (n=78)
Uninvolved CRM 224 (93.3) Loco-regional with distal control 13 (16.7)
Involved CRM 16 (6.7) Distant metastases 65 (83.3)
Types of surgery (n=240) Unresected patients 114
Anterior resection 98 (40.8) Progressive disease (events) 68 (59.6)
Abdomino-perineal resection 98 (40.8) Site of progression
Intersphincteric resection 32 (13.3) Loco-regional with distal control 13 (19.1)
Exenteration 12 (5.0) Distant metastases 53 (78.0)
ypT category (pathological T stage Death during chemotherapy 2(2.9)

t dj t
post neoadjuvant) Event free survival (3-year)

TO 62(17.5) Resected (recurrence free survival) 63.5%
T 102.8) Unresected (progression free survival) 15.2%
T2 46 (13.0) Overall survival (3-year)

T3 99 (28.0) Resected 85.2%
T4 11E) Unresected 15.8%
NA 12 (3.4)

ypN category (pathological T stage

post neoadjuvant) low prevalence of dAMMR lends itself to the hypothesis

NO 169 (47.7) generation that single agent 5-FU or capecitabine alone as
N1 42 (11.9) adjuvant chemotherapy may suffice as against an oxaliplatin
N2 298.2) containing doublet (30,31). Importantly, our study
potentially rules out use of anti-d MMR immunotherapy in
TRG status advanced rectal cancers (25), which in turn emphasizes the
1/5 70 need to direct our efforts towards the development of anti-
2/5 61 MMR proficient therapies.
/5 61 The cohort of patients seen in this study had a number
of unfavourable characteristics—a young age (36.4% <40
4/5 36 . . . . .
years), a high incidence of signet ring histology (17.5%),
5/5 5 and an unfavourable nature of local rectal cancer (43.8%).
NA 7 The division of LARC into subsets as suggested by
True pathological CR rates 62 (17.5) Blomqpvist et al. was used with certain modifications in this

CRM, circumferential margin; CR, complete response; TRG, study and helps us. to (?ffectlvely show that a .hlgh percentage
tumor regression grade: NA, not available. of tumors presenting in our centre have a high local burden

of disease and ‘unfavourable’ baseline characteristics.
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Table 4 Univariate and multivariate analysis of selected prognostic factors for overall survival (OS)

Characteristic P value (univariate analysis)

P value (multivariate analysis)

Hazard ratio (95% Cl)

Age
<40 years 0.092
>40 years

Signet ring histology
Yes <0.001
No

Mucinous histology
Yes 0.047
No

Tumor location
Upper 1/3
Mid 1/3 0.125
Lower 1/3

T stage
T2
T3 0.030
T4

N stage
NO 0.432
N+

Subtype of LARC
Favourable
Intermediate 0.045
Advanced

Baseline CEA
Raised

Not raised 0.066

0.247 0.85-1.86
0.003 1.27-3.06
0.430 0.75-1.96
0.500 0.36-1.65
0.139 0.82-1.42
0.943 0.36-3.02

LARC, locally advanced rectal cancer; CEA, carcinoembryonic antigen.

While such a stratification stresses on being predictive for
loco-regional failure rates (as opposed to factors such as
extramural vascular invasion, EMVI, predicting for systemic
recurrences), evidence for poor local control in rectal
cancers predisposing to development of distant metastases is
known (18,19). This is evident in the nature of recurrences
and progression seen in the current study. Patients with
resected disease predominantly had distant recurrences as
opposed to loco-regional recurrences (83.3% vs. 16.7%).

© Journal of Gastrointestinal Oncology. All rights reserved.

A similar pattern was evinced in patients who were unable
to undergo surgery (distant progression as first event 78%
vs. 19.1% as loco-regional progression as first event). Such
a recurrence pattern is partially explainable on the basis
of the molecular and clinical etiology of rectal tumors. As
per the CMS classification, most rectal tumors are of the
CMS—4 mesenchymal type. These tumors are known to
have MSI-S status (as seen in the current study also) and
an epithelial-mesenchymal transition (EMT) genotype ,
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Table 5 Univariate and multivariate analysis of selected post-LCRT factors predicting for OS

Characteristic P value (univariate analysis)

P value (multivariate analysis) Hazard ratio (95% Cl)

ypT status
ypTO-T2 0.041
ypT3-T4

ypN status
ypNO 0.092
ypN+

TRG status
TRG 1-3 0.398
TRG 4-5

CRM status
Margin involved 0.001
Margin uninvolved

Pathological CR
Present 0.095

Absent

0.048 0.21-0.99

0.010 1.27-5.70

CRM, circumferential margin; CR, complete response; Cl, confidence interval; OS, overall survival.

present in an advanced stage, and have poorer OS (24).
When this is superimposed with the fact that signet ring
cancers (17.5% of patients in this study as opposed to the
usual 1% seen in other studies) have a tendency to present
and recur with distant metastases, we are able to come up
with a feasible explanation for the recurrence pattern seen
with this study (32,33). Such a clinical and biological profile
in the setting of a low incidence of dMMR suggests that
future efforts in the neoadjuvant setting for LARC should
be directed against pMMR tumors and EMT genotypes
and possibly not with the use of MSI-H directed drugs like
pembrolizumab (34,35).

Despite the unfavourable characteristics of the disease
cohort in this study, 67.8% of patients were able to undergo
a curative local resection with the majority being RO
resections (93.3%). This is in keeping with CRM positivity
rates seen in most population based non-trial studies across
the world (36-38). We have also shown that neoadjuvant
chemotherapy post LCRT is a feasible and effective option
in an attempt to further downstage tumors to curative intent
resection. Fifty-seven point three percent of patients were
able to undergo resection post neoadjuvant chemotherapy
as opposed to continuing chemotherapy with palliative
intent without local resection. Besides down staging, the use

© Journal of Gastrointestinal Oncology. All rights reserved.

of chemotherapy is an effective measure of interim systemic
disease control of potential micro metastatic disease and
also provides for assessment of tumor biology (20,21). Our
continued use of adjuvant chemotherapy (92.5% of patients)
post resection is also keeping in line with our philosophy
that the majority of tumors in our setting need adequate
systemic control of disease and not only local disease
control.

The EFS and OS seen in this study, within the confines
of a short follow-up with respect to rectal cancers, appear
encouraging. The standout prognostic feature appears
to be the presence of signet ring histology contributing
to poorer outcomes in terms of OS as well as EFS (not
reported). The biological and clinical differences between
signet ring and non-signet ring CRC is well known in terms
of outcomes and presentation (32,33,39). ypT stage post
LCRT also achieved statistical significance on multivariate
analysis (P=0.05) reiterating advanced nature of disease
on presentation and indicating urgent need to develop
strategies to downstage MMR proficient, signet ring disease
in a better way.

We also identified a delay or interruption (>1 week) in
chemoradiation as a predictor of inferior OS. As per our
knowledge, this is the first time such a variable has been
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identified in rectal cancers as predictive. While treatment
related delays in LCRT are inevitable if related to
complications (e.g., severe local skin reactions, large volume
tumor bleed, severe diarrhoea, HES, etc.), it is important
to realise that various tumor dynamics are at play from
the initiation of treatment for LARC to potential surgery
(approximately 3—4 months).

Multiple limitations in this study have to be acknowledged.
The data generated is retrospective and from a single tertiary
cancer referral centre where the possibility of a referral bias
in terms of more advanced LARC is likely. We do not have
PCR sequencing as a comparator or complementary method
to reconfirm the findings of MSI status as diagnosed by
IHC. The method of diagnosis of signet ring histology is
based on qualitative as opposed to a quantitative description
in terms of percentages. The classification of LARC into
different categories does not have information on factors
such as EMVI, which is an important predictor of systemic
relapse. The duration of follow-up in our study is 32 months,
which is relatively short in the context of rectal cancers being
potentially treated with curative intent.

In conclusion, we have shown that assessment of MMR
status by IHC is feasible in a large LARC cohort and a
majority of these tumors have proficient MMR status.
This suggests that MSI as a biomarker may have limited
applicability in the management of rectal cancers per se,
unless we develop immunotherapeutic agents directed
against pMMR tumors. A higher than usual prevalence
of signet ring rectal cancers was seen in this study and
signet ring histology was a powerful predictor of inferior
outcomes. Neoadjuvant chemotherapy LARC to downstage
the tumor further post NACTRT, is also an important
aspect of our study. We also identified, possibly for the first
time, that interruptions in LCRT beyond 1 week predicted
for inferior OS.
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Supplementary

Table S1 IHC antibody markers

Antibody Clone Dilution Manufacturer Secondary antibody Antigen retrieval used

MSH2 G219-1129; mouse 1:500 Cell Marque, MACH2 UNIVERSAL HRP Pressure induced-Tris EDTA
monoclonal antibody MilliporeSigma, USA POLYMER DETACTION

MSH6 44; mouse monoclonal  1:100 Cell Marque, (BIOCARE MEDICAL) Pressure induced-Tris EDTA
antibody MilliporeSigma, USA

PMS2 EPR3947; rabbit Ready to Cell Marque, Pressure induced-Tris EDTA
monoclonal use MilliporeSigma, USA

MLH1 G168-728; mouse 1:100 Cell Marque, Pressure induced-Tris EDTA
monoclonal MilliporeSigma, USA

IHC, immunohistochemistry.

Table S2 Details of LCRT and response rates (n=354)

Characteristics n (% where applicable)

Interruptions in LCRT (>1 week)

Interruption in radiotherapy 32 (9.0)

Interruption in capecitabine 39 (11.0)
Grade 3 and grade 4 toxicities 43 (12.1)
during LCRT

Individual toxicities

Oral mucositis 4(1.2)
Diarrhoea 18 (6.1)
HFS (grade 2 and grade 3) 18 (5.1)
Neutropenia 2 (0.6)
Anemia 3(0.8)
Non-neutropenic infections 3(0.8)
Fatigue (grade 3) 3(0.8)

Clinico-radiological response rates

Complete response 7 (2.0
Partial response 145 (41.0)
Stable disease 160 (45.2)
Progressive disease 14 (4.0)
Not available 28 (7.9)

LCRT, long course chemoradiotherapy; HFS, hand-foot-
syndrome.



Table S3 Details of neoadjuvant chemotherapy post LCRT (n=96)

Characteristics

n (% where

Table S4 Adjuvant chemotherapy

applicable)
Reasons for neoadjuvant chemotherapy
Persistent radiological CRM positivity 78 (81.3)
Organ infiltration requiring extended 6 (6.3)
resection
Interim chemotherapy 9(9.4)
Threatened radiological CRM 3(3.0)
Regimens used as neoadjuvant
mFOLFIRINOX 54 (56.3)
CAPOX 42 (43.7)
Median number of chemotherapy doses 4 [1-8]
Data available for grade 3 and grade 4 78 (81.3)
toxicities
Individual toxicities
Vomiting 2 (2.6)
Oral mucositis 2(2.6)
Diarrhoea 14 (17.9)
HFS (grade 2 and grade 3) 6 (6.3)
Neutropenia 14 (17.9)
Febrile neutropenia 5(6.4)
Anemia 2 (2.6)
Non-neutropenic infections 3(3.8)
Fatigue (grade 3) 2 (2.6)
Peripheral neuropathy (grade 3) 4 (5.1)
Clinico-radiological response rates
Complete response 0
Partial response 35 (36.4)
Stable disease 45 (46.9)
Progressive disease 8 (8.3)
Not available 8 (8.3)
Curative intent local resection post
neoadjuvant chemotherapy
Yes 55 (57.3)
No 41 (42.7)

Characteristic n (%)
Patients planned for adjuvant chemotherapy
Yes 222 (92.5)
No 18 (7.5)
Regimen of adjuvant chemotherapy (n=222)
CAPOX 186 (83.8)
Single agent capecitabine 36 (16.2)
Delivery of adjuvant chemotherapy
Median number of adjuvant chemotherapy 6 [1-8]
doses delivered
Completion rates of adjuvant 198 (89.2)
chemotherapy
Reasons for non-completion of adjuvant
chemotherapy (n=24)
Grade 3/4 adverse events 18 (75.0)
Reason unavailable 3(12.5)
Progressive disease on adjuvant 14.2)
Surgical wound complications 2(8.3)
Individual grade 3 and grade 4 toxicities
Vomiting 3(1.4)
Oral mucositis 3(1.4)
Diarrhoea 13 (5.9)
HFS (grade 2 and grade 3) 7 3.2
Neutropenia 10 (4.5)
Febrile neutropenia 5(2.3)
Anemia 4(1.8)
Non-neutropenic infections 4(1.8)
Fatigue (grade 3) 5(2.3)
Peripheral neuropathy (grade 3) 4(1.8)

LCRT, long course chemoradiotherapy; CRM, circumferential
margin; HFS, hand-foot syndrome; mFOLFIRINOX, modified
5 fluorouracil-leucovorin-irinotecan-oxaliplatin; CAPOX,

capecitabine-oxaliplatin.

CAPOX, capecitabine-oxaliplatin; HFS, hand-foot-syndrome.



