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Abstract

Background: More than half of the patients with locally advanced low rectal cancer exhibit no or minor response to nCRT. Itis
important to investigate the predictive and prognostic values of potential biomarkers in patients with locally advanced low rectal
cancer receiving nCRT.

Materials and Methods: This retrospective study included |62 patients with locally advanced low rectal cancer who underwent
nCRT, followed by total mesorectal excision (TME) between 2016 and 2019. Cytokeratin 7 (CK7) expression and mismatch repair
(MMR) status were determined by immunohistochemistry (IHC). Categorical variables were compared using the chi-square test.
Overall survival (OS) and disease-free survival (DFS) curves were estimated using the Kaplan—Meier and Cox methods.

Results: There were predominance significant differences in distance from anus margin (P <.0001) and circumferential extent of
the tumor (P < .0001).CK7 positive expression was detected in 21 of the 162 patients (13%). The univariate and multivariate
analysis revealed that patients whose tumors had CK7 positive expression had significantly shorter OS (HR = 3.878,P =.038; HR =
1.677, P=.035) and DFS (HR =3.055, P=.027;HR = 3.569, P = .038) than those with CK7 negative expression. While patients with
CKY7 positive expression had a higher proportion of worse TRG compared with CK7 negative patients (P = .001). Patients with
deficient mismatch repair (dMMR) just occupied a small proportion (8.6%), but there was still a close connection between the
MMR status and recurrence after TME (P = .045). MMR status was an independent risk factor affecting the OS (HR = .307, P <
.0001; HR =.123, P <.0001) and DFS (HR =.288, P < .0001; HR = .286, P < .0001) by univariate and multivariate analysis. But no
significant difference in the proportion of TRG was observed between patients with dMMR and pMMR (P = .920).

Conclusions: The result confirms negative prognostic role of CK7-positive and dMMR statuses, which have potential
predictive value for neoadjuvant chemoradiotherapy response. This provides opportunity to modify individualized treatment
strategies for patients with different CK7 expression levels and dMMR statuses.
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Introduction

Relative to cancer-related morbidity and mortality, colorectal
carcinoma (CRC) is the second most common malignancy in
the world. Approximately 862,000 deaths occur annually
with a slowly decreasing mortality rate annually." Some
patients with low rectal cancer require removal of the anus to
ensure complete excision of the tumor.” Based on clinical
treatment guidelines, total mesorectal excision (TME) after
neoadjuvant chemoradiotherapy (nCRT) is the primary
treatment for patients with locally advanced low rectal
cancer. nCRT not only reduces local recurrence in patients
with low rectal cancer’ but also increases the chance of
preserving the anus by reducing tumor size and downgrading
tumors.

Many studies have shown that the responses to nCRT
are highly variable.” More than half of the patients exhibit
no or minor response to nCRT, and develop metastasis and
recurrence in over 25% of the cases.® nCRT can increase
the risk of toxicity without any apparent benefits.” It is
important to identify these patients and formulate an in-
dividualized neoadjuvant therapy strategy to reduce
perioperative complications and recurrence rates. There-
fore, identifying biomarkers as predictors to identify these
patients prior to treatment has become an important
clinical challenge; however, none of these identified
protein markers or signatures have been independently
verified in the clinic. Thus, the present study aimed to
investigate the predictive and prognostic values of po-
tential biomarkers in patients with locally advanced low
rectal cancer receiving nCRT.

Materials and Methods
Study Population

A total of 162 rectal cancer cases receiving nCRT followed
by TME were selected. This study was retrospectively an-
alyzed from consecutively collected patient data. The written
informed consents were obtained for the use of the tissue
specimens for research purposes, as approved by the ethics
committees of Tianjin Union Medical Center. This study was
conducted in one center. This study was a retrospective
analysis based on patient information for which data were
consecutively collected. The grade and stage of the tumors
were recorded based on the medical records from our in-
stitution. Staging was assigned according to the American
Joint Committee on Cancer (AJCC) tumor node metastasis
(TNM) staging system (8th edition). The four categories of
AJCC tumor regression grading (TRG) system were clas-
sified as following: grade 0 (complete response), no re-
maining viable cancer cells; grade 1 (moderate response),
only small cluster or single cancer cells remaining; grade 2
(minimal response), residual cancer remaining, but with
predominant fibrosis; grade 3 (poor response), minimal or no

tumor regression with extensive residual cancer.'® Medical
records from the pathology department provided 162 ran-
domly selected cases of histopathologically verified rectal
adenocarcinoma that were surgically treated between
2016 and 2019, including distance from anus margin and
circumferential extent of the tumor, which were measured by
pathologists during pathological examination. Patients with
synchronous multiple primary cancers, inflammatory bowel
disease, or familial adenomatous polyposis were excluded
from this study.

Immunohistochemistry Staining and Assessment

Paraffin-embedded tissue samples were sectioned and stained
using an immunohistochemistry autostainer (BenchMark,
Roche, Basel, Switzerland). Primary monoclonal antibodies
against cytokeratin 7(CK7) (clone EP16; Zhong Shan Jinqgiao,
Beijing, China), mutL homologl (MLHI) (clone OTI4H4;
Zhong Shan Jingiao), mutShomolog2 (MSH2) (clone
OTIR1B12; Zhong Shan Jingiao), mutS homoligb (MSH6)
(clone UMAB258; Zhong Shan Jingiao), and postmeiotic
segregation increased2 (PMS2) (clone EP51; Zhong Shan
Jinqiao) were used.

Treatment and Follow-Up

All patients underwent chemoradiotherapy before total mes-
orectal excision, which defined as neoadjuvant chemo-
radiotherapy, including chemotherapy regimens with
fluorouracil/oxaliplatin, and radiotherapy was administered
at 2.0 Gy in 25 fractions over 5 weeks, with a total dose of
50 Gy (24-26). Physical examinations and computed to-
mography scans were performed every 3—6 months for the first
1 year and every 6 months for the following 2 years after TME
as a routine follow-up strategy for all patients. The data were
updated in May 2022.

Microscopic Observation

All immunohistochemical examinations were performed
under a microscope by two experienced pathologists. For
CK?7 IHC staining, the distribution of CK7 positive cells was
scattered in some cases, and even less than 10% of the
positive cells for CK7 IHC staining in one slide, it was also
considered as immunoreaction. Tumors with any obvious
nuclear staining for MSH2, MSH6, PMS2, or MLH1 were
considered MMR-proficient (p)MMR). Tumors with negative
nuclear staining and positive control in the normal adjacent
epithelium and lymphocytes were considered MMR-
deficient (AIMMR).

Ethical Statement

This study was reviewed and approved by the ethics com-
mittees of Tianjin Union Medical Center in Tianjin, China (the
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ethical approval number was 2023 (B74) and the ethical
committee name was the Ethics Committees of Tianjin
Union Medical Center), and was conducted in accord with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. The reporting of this
study conforms to the REMARK guidelines'' and all pa-
tient information was de-identified. Written informed
consent for their data to be used was obtained from all of the
patients.

Statistical Analysis

Categorical variables were compared using the chi-square test.
Opverall survival (OS) and disease-free survival (DFS) curves
were estimated using the Kaplan—-Meier method and Cox
proportional hazards regression model with P values for
prognostic factors. Variables with P values <.05 in the uni-
variate analysis or multivariate analysis were considered
statistically significant. All statistical analyses were performed
using the SPSS software.

Results

Clinicopathological Data

A total of 162 patients were enrolled in this study. Among
them, CK7 expression and MMR status were detected by IHC,
21 patients had CK7 positive expression, while IMMR tumors
were found in 14 patients. No significant differences were
observed between the CK7-positivity and CK7-negativity
group in terms of age, sex, pT or pN stage, number of
lymph nodes and recurrence after TME (P > .05) (Table 1).
There were statistically significant differences in distance from
anus margin (P < .0001) and circumferential extent of the
tumor (P < .0001) (Table 1). As to the different MMR status
groups, significant differences were found in distance from
anus margin (P < .0001) and circumferential extent of the
tumor (P < .0001) either (Table 2). Meanwhile, IMMR pa-
tients were more easily happened to recur after operation (P =
.045) (Table 2).

CK7 Expression was Associated with Survival and
Tumor Responses to Neoadjuvant Therapy

Among the 162 enrolled patients, 21 CK7 positive and
141 CK7 negative cases were summarized in Table 1.
Univariate analysis revealed that CK7 expression was
associated with OS (HR =3.878, P=.038) and DFS (HR =
3.055, P=.027)after nCRT of rectal cancer (Table 3).After
neoadjuvant therapy, patients with CK7 positive expres-
sion had a lower OS(HR = 1.677, P =.035) (Figure 1(A)),
and DFS(HR = 3.569, P = .038) (Figure 1(B)) in the
multivariate analysis (Table 4). After nCRT, patients with
CK7 positive expression had a higher proportion of worse

Table 1. The Clinicopathologic Characteristics of Patients after
CRT based on CK7 Expression.

CK7 Expression

Variable Total (n) CK7 +(n) CK7 -(n) P
Sex .542
Male 17 14 103
Female 45 7 38
Age .896
<60y 87 Il 76
>60 y 75 10 65
Distance from annus margin .007
<5 cm 84 12 72
5-10 cm 69 5 64
>10 cm 9 4 5
Circumferential extent of the tumor .050
<12 108 10 98
>1/2 54 Il 43
pT .863
TO | 0 |
Tl 6 0 6
T2 25 3 22
T3 115 14 101
T4 15 0 Il
pN 246
NO 97 12 85
NI 44 4 40
N2 21 5 16
Number of lymph nodes 931
<l|2 45 6 39
>|2 17 15 102
Recurrence after TME .342
Yes 38 7 31
No 104 13 9l
Censored 20 | 19
TRG .001
0 | 0 |
| 16 | 15
2 78 3 75
3 76 17 50

TRG compared with CK7 negative patients (P = .001)
(Table 1).

MMR Status was Associated with Survival and Tumor
Responses to Neoadjuvant Therapy

The associations of different clinicopathologic characteristics
between dMMR and pMMR groups are listed in Table 2.
Deficient MMR was defined as loss of expression of more than
one of the four proteins (MSH2, MSH6, MLH1, and PMS2)
in tumors by IHC. With a median follow-up period of
25.1 months, a statistically significant difference was observed
in MMR status and local recurrence rates (P = .045)
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Table 2. The Clinicopathologic Characteristics of Patients after
CRT based on MMR Status.

MMR Status
Variable Total (n) dMMR(n) pMMR(n) P
Sex .945
Male 117 10 107
Female 45 4 41
Age .394
<60y 87 6 8l
260 y 75 8 67
Distance from annus margin .000
<5 cm 84 4 80
5-10 cm 69 6 63
>0 cm 9 4 5
Circumferential extent of the tumor .000
<l 108 3 105
212 54 I 43
pT 432
TO I 0 |
TI 6 | 5
T2 25 | 24
T3 115 9 106
T4 15 3 12
pN 191
NO 97 7 90
NI 44 3 41
N2 21 4 17
Number of lymph nodes 488
<12 45 5 40
=12 117 9 108
CK7 expression 877
Positivity 21 2 19
Negativity 141 12 129
Recurrence after TME .045
Yes 38 5 33
No 104 5 99
Censored 20 4 16
TRG 920
0 | 0 |
| 16 2 14
2 78 6 72
3 67 6 6l

(Table 2).Univariate analysis showed that MMR status was
associated with OS (HR =.307, P <.0001) and DFS (HR = .288,
P <.0001) after nCRT of rectal cancer (Table 3). For patients who
received nCRT had disappointing OS (HR = .123, P <.0001)
(Figure 1(C)) and DFS (HR = .286, P <.0001) (Figure 1(D))
were observed in the presence of a dMMR status by mul-
tivariate analysis (Table 4).No significant difference in the
proportion of TRG was observed between patients with
dMMR and pMMR (P = .920). But patients with pMMR had
a better response to nCRT as higher proportion of TRG 3 was
confirmed in patients with dAMMR (Table 2).

Survival and Tumor Responses to nCRT According to
Other Clinical Findings

Univariate analysis showed that the distance from anus margin
(HR = 4.216, P < .0001) and circumferential extent of the
tumor (HR =5.612, P <.0001) were related to OS after nCRT
(Table 3). The distance from anus margin (HR = 3.585, P <
.0001) and circumferential extent of the tumor (HR = 4.176,
P < .0001) were also related to DFS after nCRT for rectal
cancer (Table 3).

Multivariate Cox analysis showed that the distance from
anus margin (HR = 6.324, P <.0001) and the circumferential
extent of the tumor (HR =4.371, P =.001) were independent
predictors of OS after nCRT (Table 4). The distance from anus
margin (HR = 8.764, P = .002) and the circumferential extent
of the tumor (HR = 4.878, P = .013) were independent
predictors of DFS after nCRT for rectal cancer (Table 4).

Discussion

The correlation between the protein levels of specific genes
and the response to nCRT in rectal cancer has been extensively
investigated using immunohistochemical analysis. The
identified protein biomarkers are involved in diverse bio-
logical processes such as DNA repair, oncogenic signaling,
and apoptosis.'>"'* Here, we analyzed whether the application
of protein markers could predict the response to nCRT and
found that CK7 expression and MMR status were important
factors affecting the prognosis of patients undergoing nCRT.

CRC is usually associated with a CK7 negative and
CK20 positive profile. CK7 is considered a good marker for
primary lung cancer and metastatic CRC; however, not all
CRCs lack CK7 expression. Studies have shown that the rate
of CK7-positivity can vary from 0 to 22%.">'° In terms of
TRG, the response to nCRT of patients with CK7 positive
expression was worse than that of CK7 negative patients in our
study, while less research between CK7 and nCRT was done.
A main finding of our study was that CK7 expression in low
rectal cancer with nCRT was an independent, strong, and
negative prognostic predicator. Bayrak et al. described more
frequent expression of CK7 in CRCs with regional lymph
node metastasis.'” Hernandez et al. reported a higher preva-
lence of CK7 positivity in advanced-stage CRCs than early-
stage cancers.'® Fei et al. reported a trend toward an increased
risk of positive lymph nodes and high-grade tumors in patients
with high CK7 expression.'® Moreover, Loupakis et al. re-
ported that CK7 expression signifies poor survival.?® In our
study, CK7 positivity was independently associated with
worse survival in the multivariate analysis of nCRT for OS and
DFS. A possible reason for the poor survival and tumor re-
sponse is that CK7 positivity has a particular molecular
phenotype in CRC with higher invasiveness. Fei et al. es-
tablished a close association between CK7 positive and
polyploid giant cancer cells, which are associated with tumor
budding, vascular invasion, and micropapillary patterns, by



Shi et al.

Table 3. Univariate Analysis of Overall survival (OS) and Disease Free Survival (DFS) in Patients With low Rectal Cancer After Neoadjuvant

Therapy.
(O DFS
Variable HR (95% Cl) P HR (95% ClI) P
Distance from annus margin (<5vs.5-10vs.>10 cm) 4.216 (1.460-12.168) .000 3.585 (1.408-9.127) .000
Circumferential extent of the tumor (<1/2 vs 21/2) 5.612 (3.752-8.393) .000 4.176 (2.832-6.158) .000
CK7 (positive vs negative) 3.878 (1.080-13.926) .038 3.055 (1.145-6.460) .027
MMR status (dMMR vs pMMR) 307 (.146-.641) .000 288 (.138-.604) .000
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Figure 1. Survival by CK7 expression and mismatch repair status. (A) OS and (B) DFS in patients by CK7 expression; (C) OS and (D) DFS in

patients by mismatch repair status.

observing more CK7 positive in tumor budding cells.'’
Furthermore, according to the previous studies,
CK7 expression may be regarded as a negative prognostic
factor with a relatively high recurrence, which is linked to
epithelial-mesenchymal transition that gives the tumor more
aggressive capacity.'” However, no significant differences
were observed between the CK7-positivity and recurrence
after nCRT in our study. A possible reason may be that the

CK7 positive group was small in CRC, with a rate varying
from 0 to 22%, and the number of cases available for nCRT
clinical studies is even smaller.

Tumors are typically classified as either pMMR or
dMMR,?' the latter can lead to microsatellite instability (MSI),
which could result in the accumulation of insertion or deletion
mutations within microsatellite DNA regions. Deficient MMR
can result from the inheritance of a germline mutation in the
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Table 4. Multivariate Analysis of Overall survival (OS) and Disease Free Survival (DFS) in Patients With low Rectal Cancer After

Neoadjuvant Therapy.

oS DFS
Variable HR (95% ClI) P HR (95% ClI) P
Distance from annus margin (<5vs.5—10vs.>10 cm) 6.324 (2.383-16.786) .000 4.371 (1.828-10.449) .001
Circumferential extent of the tumor (<1/2 vs21/2) 8.764 (2.258-34.018) .002 4.878 (1.388-17.147) 013
CK7 (positive vs negative) 1.677 (1.037-2.712) .035 3.569 (1.073-11.872) .038
MMR status (dAMMR vs pMMR) .123 (.062-.246) .000 .286 (.152.537) .000

MMR gene (MLHI1, MSH2, MSH6, or PMS2) that is often
associated with the CpG island methylator phenotype.**> Our
finding might imply that patients with dAMMR respond worse
to neoadjuvant therapy in terms of TRG than patients with
PMMR, as a higher proportion of TRG 3 was confirmed in
patients with dMMR. Previous studies have evaluated the
tumor response and survival effect of MMR status in rectal
cancer patients with conflicting results. Meillan et al. reported
that dAMMR was correlated with worse TRG.”* Wu et al.
showed that pMMR patients had a better response, and dMMR
is a good prognostic marker for DFS in ypStage II/III patients
after nCRT.** Conversely, Chen et al. found there were better
overall survival rates for LARC patients with AMMR status
after nCRT.>> Kim JH et al. also demonstrated the prognostic
features of MSI-H CRCs include a favorable survival of
patients.”® There may be two main reasons for this: One
possible explanation for the converse result involves different
nCRT regimens, such as consolidation chemotherapy with
Capeox or mFOLFOX6 regimens can significantly improve
survival,”’*® while a limited effects of fluoropyrimidines may
happened during nCRT.* On the other hand, compared with
other carcinomas, dIMMR status just occurs in less than 5% of
rectal cancer, a smaller number of AIMMR group was available
for the correlation clinical trials. Our data also showed that in
low rectal cancer patients who received nCRT, dJMMR status
was an independent and significant prognostic marker for OS
and DFS. While a close connection was observed between the
local recurrence rates and dMMR status in our study. Cercek
et al. found 29% of dAMMR/MSI locally advanced rectal tu-
mors had disease progression on nCRT,*” an alarmingly high
rate compared to no progression in pMMR rectal tumors. One
possible explanation for that is a process lacking a normal
repair system may occur as the presence of AMMR, resulting
in dMMR resistance to 5-FU; hence, a lower effect is induced
by fluorouracil-based chemotherapy with dMMR status.

As for the two indicators discussed above, Landau MS et al.
documented a significant association between CK7 expression
and microsatellite stability, as a more expression of CK7 in
BRAF-mutated MSS colorectal carcinoma.®' This may be due
to the high mutation pathway and genomic instability in MSI
CRC, which lead to the gaining of non-intestinal markers. The
association between CK7 positive expression and dMMR
status was corroborated in our study, unfortunately the

difference did not reach statistical significance, even both of
them exhibited a worse prognosis.

In addition, clinical factors that may be involved in pre-
diction have been identified, such as tumor size, TNM stage,
radiation dose, and the time interval between nCRT and
surgery. For decades, an N-staging system based on the
number of lymph nodes has been used to guide adjuvant
treatment.>” Previous studies have reported that preoperative
therapy may decrease LN yield. Amajoyi et al. observed that
the mean number of lymph nodes obtained was lower in
patients treated with nCRT than in surgery alone.’® In the
present study, even with no statistically significant differences,
a high proportion of less lymph nodes harvested from nCRT
samples was observed (27.8%), except the well-known direct
effect on reducing the size of primary tumors.

Several studies have investigated the correlation between
the tumor size and pCR of rectal cancer after preoperative
nCRT.>*** In general, large tumors always increase the
possibility of hypoxic status, which might be tightly associ-
ated with radioresistance and poor response to nCRT. Su-
wanthanma et al. reported that tumor length >4 cm was
associated with a low rate of pCR in rectal cancer followed by
CRT.*® Hsu et al. revealed that, for patients with locally
advanced rectal cancer receiving preoperative nCRT, tumor
compactness is a useful radiomic parameter for improving the
volumetric-based prediction model.>” Multivariate analysis in
our study showed that a larger proportion of tumors in the
intestinal lumen (>1/2) were an independent factor influencing
OS and DFS. Similarly, as described above, the smaller the
tumor volume, the less the tumor occupies the intestinal lu-
men, and the higher the OS and DFS obtained due to a better
response to nCRT. In this study, the multivariate analysis also
showed that the distance from anus margin was an unfavorable
independent prognostic factor for OS and DFS, which partly
associated with unsatisfactory radiation treatment fields.

Conclusions

Our study provides interesting results indicating that in low
rectal carcinoma with nCRT, CK7-positivity expression and
dMMR status are predictive and independent markers of poor
prognosis. There is great benefit in identifying biomarkers to
predict the response to nCRT in locally advanced low rectal
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cancer, which may help establish individualized treatment
strategies. However, this study has several limitations. First, it
was a retrospective study, and selection bias cannot be
avoided, although we used propensity score matching to re-
duce it. Second, the database did not include some important
clinicopathological characteristics such as the interval be-
tween nCRT and TME, baseline levels of tumor biomarkers,
and patient compliance with nCRT. A potential bias may have
been induced by the lack of information. Third, the MMR
status was determined by IHC. However, owing to the pos-
sible presence of non-functional proteins, the sensitivity and
specificity of IHC alone could not be on par with those of PCR
testing in a few cases of MSI with rare missense mutations.
The most important challenge is integrating the identified
markers to facilitate clinical implementation.

Appendix

Abbreviations

CRC colorectal carcinoma

TME total mesorectal excision

nCRT  neoadjuvant chemoradiotherapy
IHC immunohistochemistry

CK7 cytokeratin 7

MMR  mismatch repair

pMMR MMR proficient

dMMR MMR deficient

OS overall survival

DFS disease-free survival
TRG tumor regression grading
AJCC the American Joint Committee on Cancer.
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