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Do microsatellite instability (MSI) and deficient mismatch repair
(dMMR) affect the pathologic complete response (pCR) in patients
with rectal cancer who received neoadjuvant treatment?
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Abstract

Recently, individualized approaches for the treatment of locally advanced rectal cancers (RC) have been introduced to deter-
mine the most beneficial one for boosting the tumor response and assessing the response more accurately. However, despite
each patient and tumor have different molecular features, the studies at the molecular level are very limited. In this study,
examining the clinical factors which are predictive of pathologic complete response (pCR), helping to determine a treatment
program for the management of patients with locally advanced RC, and evaluating the relation between regression grade and
MMR-MSI were aimed. 341 RC cases who had undergone surgery were included and divided into three groups according
to their response to neoadjuvant treatment. The following parameters were analyzed for all patients: age at diagnosis, sex,
tumor location, tumor differentiation, TNM stage, histological subtype, CEA (mean: <5 ng/ml) level, lymphovascular-neural
invasion, presence of mucinous subtype, grade, MMR, and MSI statuses. 147 patients (43.2%) had no response (group 1),
141 patients (41.3%) had an intermediate response (group 2), and 53 patients (15.5%) had a complete response (group 3).
Neoadjuvant chemoradiotherapy was used in all of the patients with the same protocol. Multivariate analysis revealed that
clinical T stage (p: 0.099) and MMR (p: 0.048) were the parameters which were significantly associated with pCR. Since
MMR and MSI statuses were found to affect pCR, more careful patient selection for “watch and wait” protocol and further
studies on molecular structures of the tumors for individualized therapies are required.
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Introduction is the gold standard treatment for early stage rectal can-
cers [2]. However, standard treatment for locally advanced
rectal cancer includes neoadjuvant chemoradiation
(CCRT), total mesorectal excision (TME), and adjuvant

chemotherapy (CT) [3]. These treatment methods have

Rectal cancer (RC) has the second highest-increasing inci-
dence among the digestive tract cancers according to the
data of the American Cancer Society (ACS) [1]. Surgery
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improved organ preservation, the local control of the dis-
ease, and thus increased patients’ overall survival (OS) [4].
Recently, individualized approaches have been introduced
to determine the most beneficial neoadjuvant treatment
for boosting the tumor response, assessing the response
more accurately, and amending the relation between clini-
cal results and pathologic findings. Pathologic complete
response (pCR) is observed in about 10-30% of patients
who received neoadjuvant treatments [5]. Thus, patients
with pCR lack any viable tumor cells in the final surgical
specimen.

Previous retrospective studies reported that tumor
response to preoperative CCRT is influenced by some
clinical factors such as smoking, tumor size, TNM clas-
sification, and carcinoembryonic antigen (CEA) level [6].
However, despite each patient and tumor have different
molecular features, the studies at the molecular level are
very limited. Whereas colorectal cancer (CRC) is a het-
erogeneous disease that can occur with different molecular
pathological pathways. The possible defined pathways in
which CRC can occur are chromosomal instability (CIN),
epigenetic alterations, and defects in the DNA mismatch
repair (MMR) system. Microsatellite instability (MSI) is
a phenotypic evidence which shows that MMR system is
not functioning normally, and it exists in around 15% of
all CRCs [7]. The outcomes of long-term prognosis of
deficient mismatch repair (AMMR) rectal cancers who
received curative therapy have not been reported yet.
There are reports in the literature supporting that high
microsatellite instability (MSI-H) CRCs have a better
prognosis compared to low MSI (MSI-L) or microsatel-
lite stable (MSS) RCs [8]. On the other hand, there are also
studies reporting the opposite [9]. However, there is no
definite information on whether germline mutations have
an effect on radiation sensitivity of the colorectal tumor.

In this study, examining the clinical factors which are
predictive of pCR after neoadjuvant CCRT and helping
to determine a treatment program for the management of
patients with locally advanced RC were aimed. Further-
more, the relation between regression grade and MMR-
MSI was evaluated, and its effect on prognosis and sur-
vival was presented.

Materials and methods

The retrospective study protocol was approved by the
institutional Ethics Committee (Number: 253, Date:
26.09.2018). A written informed consent was obtained
from each patient. The study was conducted in accord-
ance with the principles of the Declaration of Helsinki.
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Patients

341 RC cases who had undergone surgery in our depart-
ment between January 2014 and August 2018 were
included in the study. Specimens were subjected to histo-
logical examination, and histological response was defined
in accordance with American Joint Committee on Cancer’s
(AJCC) classification [10]. Tumor regression is graded
(TRG) from 0 to 3. TRGO means no existence of viable
tumor cells which is also called pCR. TRG1, 2, and 3 rep-
resent a small group of tumor cells, residual cancer with
fibrosis, and intense residual cancer, respectively.

Our patients were divided into three groups according
to their response to CCRT: the patients with no response
(Group 1), intermediate response (Group 2), and complete
response (pCR) (Group 3).

The inclusion criteria were (1) patients with pathologi-
cally confirmed RC and had undergone curative surgi-
cal resection, (2) patients with stage II-III disease, and
(3) patients who had received neoadjuvant CCRT. We
excluded the patients with (1) two or more primary tumors,
(2) carcinoma in situ (CIS) tumors, and (3) patients who
had received neoadjuvant alone RT (to reduce pCR rate).

Disease staging was performed according to the fifth
edition of the AJCC TNM classification. The patients’
demographics and clinicopathological characteristics were
collected from a medical data platform by trained staff
who used standardized data collection and quality-control
procedures.

The initial evaluation included digital examination
of the rectum and colonoscopy (biopsy performed). The
screening and clinical staging was established using
thoraco-abdominal computed tomography, endorectal
ultrasonography, and magnetic resonance of the pelvis.

The following parameters were analyzed for all patients:
age at diagnosis, sex, tumor location, tumor differentiation,
TNM stage, histological subtype, CEA (mean: <5 ng/ml)
level, lymphovascular-neural invasion, presence of muci-
nous subtype, grade, and MMR and MSI statuses.

Chemoradiotherapy and surgery

Patients received preoperative RT to the primary tumor
and perirectal metastatic lymph nodes in 55 Gy dose, 5
days a week for 30-35 days. Either two cycles of bolus
infusions of 5-fluorouracil (5-FU) at 425 mg/m? per
day, five times weekly, every 4 weeks or capecitabine at
825 mg/m? twice a day, and 5 days per week for 6 weeks
were given concurrently.
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Patients underwent low anterior resection or abdomin-
operineal resection approximately 9—12 weeks after neo-
adjuvant treatment.

All patients received FOLFOX (folinic acid, 5-fluroura-
cyl, oxaliplatin) regimen as adjuvant chemotherapy in 3—6th
weeks after the surgery.

Mismatch repair (MMR) and microsatellite
instability (MSI)

Cases who were negative for the expression of human mutL
homolog 1 (h(MLHI1), human mutS homolog 2 (hMSH2),
human mutS homolog 6 (hMSH6), and/or PMS2 genes were
defined as having mismatch repair deficiency (AIMMR), and
all other patients were defined as having mismatch repair
proficiency (pMMR). In our cases, all genes of MMR sys-
tem were evaluated by immunohistochemistry (IHC). The
detailed distribution of the negative expression of these
genes (most common ones were MLH1 and PMS2) was not
given in this study, since this study was focused on the only
dMMR/pMMR statuses rather than a genetic aspect.

A change that occurs in the DNA of certain cells (such
as tumor cells) in which the number of repeats of micro-
satellites (short, repeated sequences of DNA) is different
than the number of repeats that was in the inherited DNA.
These microsatellites are also used as dAMMR markers. MSI
is caused by dMMR which results in production of a trun-
cated, nonfunctional protein or loss of a protein. Therefore,
dMMR is frequently analyzed by testing for loss of an MMR
protein or for MSI using a PCR-based assay.

It should be noted that MSI testing is not a genetic test,
but rather helps to stratify the risk of having an inherited
cancer predisposition syndrome and identifies patients who
might benefit from subsequent genetic testing. Immuno-
histochemistry is available as an add-on to this test (IHC/
Mismatch Repair (MMR) Protein Immunohistochemistry
Only, Tumor).

MSI is determined by five markers; BAT25/26, D2S123,
D5S346 and D175250. The MSI status was classified into
three groups: a high-frequency group (MSI-H) with >2 of
the five markers, a low-frequency group (MSI-L) with one
marker, and a stable group (MSS) with no markers all of
instability. The status of MSI was determined according to
these standards in all cases. MSI testing was performed on
paraffin-embedded tumor tissue due to the insufficiency of
pre-treatment biopsies.

Follow-up

Follow-up data were collected from the follow-up platform
of our hospital. OS was defined as the time from the initial
surgical resection until death for any reason. Disease-free
survival was defined as the time from the initial surgical

resection to recurrence or metastasis of CRC. The median
duration of follow-up for all participants was 21 months
(range 6.4-55.2 months).

Statistical analysis

For discrete and continuous variables, descriptive statistics
(mean, standard deviation, and percentile) were given. In
addition, the homogeneity of the variances, which is one of
the prerequisites of parametric tests, was checked through
Levene’s test. The assumption of normality was tested via
the Shapiro—Wilk test. To compare the differences between
three and more groups, one-way analysis of variance was
used when the parametric test prerequisites were fulfilled,
and the Kruskal-Wallis test was used when such prerequi-
sites were not fulfilled. The Bonferroni correction method,
which is a multiple comparison test, was used to evaluate
the significant results concerning three and more groups.
Binary outcome variable with continuous arguments con-
sists of both discrete variable logistic regression analysis to
examine the relationship between a set can identify.

Chi-squared test was used for determining the relation-
ships between two discrete variables. When the expected
sources were less than 20%, values were determined through
the Monte Carlo Simulation Method to include such sources
in analysis. Survival analysis for using the Kaplan—-Meier
method and the comparison of the variables of the survival
times of the factors between the categories was evaluated
by the Log-Rank Mantel Cox test. The data were evaluated
via SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statis-
tics for Windows, Version 25.0. Armonk, NY: IBM Corp.).
p <0.05 and p <0.01 were taken as significance levels.

Results

Demographics, and clinical and histopathologic
characteristics

Among 341 patients with RC, 147 patients (43.2%) had no
response (group 1), 141 patients (41.3%) had an intermediate
response (group 2), and 53 patients (15.5%) had a complete
response (group 3).

Demographics of the patients are given in Table 1.
Among 341 patients, 67.7% were male. Median age at the
diagnosis was 64.75 years (range 2488 years), and the cases
were mostly diagnosed at age 60 years and over (69.8%).
There were one or more comorbid conditions in 20% of the
patients, and hypertension, diabetes mellitus, and coronary
artery disease were most frequent ones. The tumor was
located in the lower rectum in 48.9% of the patients. Tumor
localization and initial CEA concentration were not associ-
ated with tumor response rate.
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Table 1 Demographic

o Features All patients (n: 341) Group 1 Group 2 Group 3 (n:53-15.5%) p value
Characterlst.lcs of the study (n:147— (n:141—
cohort strat%ﬁed by type 43.2%) 413%)
of pathologic response to
neoadjuvant treatment Sex (%) 0.043
Female 110 (32.3) 57 (38.8) 35 (24.8) 18 (34)
Male 231 (67.7) 90 (61.2) 106 (75.2) 35 (66)
Mean age + SD, years 64.75 63.67 65.77 64.98 0,297
Age, years (%)
<50 42.1 (9.1) 39.909.00 4428 42.7(11.9) 0.356
50-59 55.5 (21.1) 55.1(25.7) 56 (19.6) 55.8 (13.6)
60-69 64.5 (34.6) 64.4(33.4) 64.4(34.8) 65(37.3)
>70 76.4 (35.2) 76.5(31.9) 76.7(37.6) 75.4(37.3)
Comorbidity index (%)
0 80 80.4 80.1 78.8 0.526
1 16.4 16.2 16.3 17.1
>2 3.6 34 3.8 4.1
Tumor localization (%)
Upper rectum 36 (10.6) 12 (33.3) 16 (44.5) 8(22.2) 0.067
Middle rectum 138 (40.5) 53 (38.4) 64 (46.4) 21 (15.2)
Lower rectum 167 (48.9) 73 (43.7) 70 (41.9) 24 (14.4)
Preoperative CEA, ng/mL (%)
<5 154 (45.2) 71 (48.2) 62 (44) 21 (39.6) 0.445
>5 187 (54.8) 76 (51.8) 79 (56) 32 (60.4)

Bold value indicate the statistical significance

CEA carcinoembryonic antigen, CCRT chemoradiotherapy

Clinical and histopathologic characteristics of the
patients are shown in Table 2. When histological types were
assessed, 68% of the tumors were moderately differentiated
and 17.6% were poor/undifferentiated. Poor/undifferentiated
subtype was more frequent in no-response group, while well
differentiation was in pCR group. Majority of the cases were
diagnosed with stage III CRC (77.1%). There was a statisti-
cally significant difference between groups regarding dis-
tribution of the tumor stage. It was observed that patients
with early clinical T and N stages had a better response to
neoadjuvant treatment. Additionally, patients with grade 1
tumor were more common in the complete response group.

The dMMR subset accounted for 13.4% of the patients
whose data of MMR status were available, and 8.3% of the
cases who had available data of MSI status had high-fre-
quency MSI (MSI-H).

Proficient MMR and MSS were found to be significantly
higher in the complete response group, while dIMMR and
MSI-H were highest in the no-response group. This created
a statistically significant difference between the groups in
terms of MMR and MSI statuses.

Besides, 11 patients (3.2%) had Lynch syndrome and
seven of these had d(MMR and MSI-H.

@ Springer

In our series, lymphovascular invasion, neural inva-
sion, and mucinous subtype were more frequent in group 1
(respectively, 54.4%, 35.4%, and 43.5%).

Mean duration of hospital stay was 11.23 days. The
median duration of follow-up for all participants was
21 months (range 6.4-55.2 months). The recurrence and/
or metastasis rate of 15.3% (n: 52) was observed during
the follow-up, and the majority (56%) of these recurrent
cases were from no-response group.

Multivariate analyses of predictive factors for pCR were
performed using 13 parameters (Table 3). Multivariate
logistic regression analysis revealed that clinical T stage
(p: 0.099) and MMR (p: 0.048) were the parameters which
were significantly associated with pCR.

Survival analyses by tumor regression grade, MSI
status, and MMR status

Mean survival time was 21.7 months and median survival
time was 21 months.

Kaplan—Meier survival curves revealed that there
was no significant difference between the OS and tumor
response degree (Fig. 1).
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Table 2 Clinical and histopathologic characteristics of the study cohort stratified by type of pathologic response to neoadjuvant treatment

Features All patients (n: 341) Group 1 (n: Group 2 (n: Group 3 (n: p value
147-43.2%) 141-41.3%) 53-15.5%)

Histological type (%)

Well 49 (14.4) 25 (16.7) 9(5.8) 15 (28.8) 0.001
Moderate 232 (68.0) 91 (62.5) 107 (76.8) 34 (61.0)
Poor/undifferentiated 60 (17.6) 31 (20.8) 25 (17.4) 4(10.2)
Clinical T stage (%)
3 263 (77.1) 94 (63.9) 120 (85.1) 49 (92.4) 0.001
4 78 (22.9) 53 (36.1) 21 (14.9) 4(7.6)
Clinical N stage (%)
0 111 (32.6) 20 (13.6) 59 (41.8) 32 (60.4) 0.001
1 162 (47.5) 73 (49.7) 72 (51.1) 17 (32)
2 68 (19.9) 54 (36.7) 10 (7.1) 4(7.6)
Pathologic T stage (%)
0 53 (15.5) - - 53 (100) 0.001
1 44 (12.3) - 44 (31.2) -
2 78 (22.3) - 78 (53.9) -
3 95 (27.3) 74 (51.7) 21 (14.9) -
4 71 (20.8) 71 (48.3) . -
Pathologic N stage (%)
0 145 (42.5) 13 (8.8) 79 (56) 53 (100) 0.001
1 128 (37.5) 75 (51.1) 53 (37.6) -
2 68 (19.9) 59 (40.1) 9(6.4) -
Stage (%)
2 116 (34.0) 26 (17.7) 59 (41.8) 31 (58.5) 0.001
3 225 (66.0) 121 (82.3) 82 (58.2) 22 (41.5)
Grade (%)
1 87 (25.5) 14 (9.5) 43 (30.5) 27 (50.8) 0.001
2 170 (49.9) 85 (77.6) 69 (64.5) 16 (27.1)
3 26 (7.6) 19 (12.9) 7(5) 0
Unknown 26 (18.1) - - -
MMR (%)
pMMR 245 (86.6) 80 (79.2) 126 (90.6) 39 (90.7) 0.001
dMMR 38 (13.4) 21 (20.8) 13(94) 4(9.3)
Unknown 58 - - -
MSI (%)
MSS 130 (41.3) 44 (34.4) 56 (40.9) 30 (60) 0.001
MSLL 159 (50.4) 63 (49.2) 77 (56.2) 19 (38)
MSL-H 26 (8.3) 21 (16.4) 4(2.9) 1)
Unknown 26 - - -
Lymphovascular invasion (%)
Negative 202 (59.2) 67 (45.6) 87 (61.7) 48 (90.6) 0.001
Positive 139 (40.8) 80 (54.4) 54 (38.3) 5(9.4)
Neural invasion (%)
Negative 252 (73,9) 95 (64.6) 108 (76.6) 49 (92.4) 0.001
Positive 89 (26.1) 52 (354) 33(234) 4(7.6)
Mucinous subtype (%)
No 236 (69.2) 83 (56.5) 105 (74.5) 49 (90.6) 0.001
Yes 105 (30.8) 64 (43.5) 36 (25.5) 504
Length of hospital stay (days) 11.23 11.31 11.22 11.02 0.949
Recurrence and/or metastasis (%) 52 (15.3) 29 (56) 18 (34.6) 50.4) 0.001

Bold values indicate the statistical significance
MMR mismatch repair, dMMR deficiency, pMMR proficiency, MSI microsatellite Instability, MSS microsatellite stable, MSI-L low, MSI-H high
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Table 3 Multivariate analysis of predictors for pPCR

Variable OR 95% Cl1 P value
Sex 1052 3300-3404 0.976
Tumor localization 1104 7418-9626 0.800
Clinical T stage 4799 0899-10,497 0.099
Pathologic T stage 6391 16,409-3626 0.211
Pathologic N stage 1533 13,771-10,705 0.806
Stage 1923 20,167-24,014 0.864
Mucinous subtype 1885 1748-5518 0.309
Lymphovascular invasion 1140 3692-3412 0.939
Neural invasion 1663 6352-3026 0.487
MMR 4355 8668-0.042 0.048
Histological type 2244 11,810-11,321 0.967
MSI 2806 4130-9742 0.428
Grade 1944 4883-8771 0.577
Link function: Logit
Bold values indicate the statistical significance
MMR mismatch repair, MSI microsatellite Instability

Group

—1No response
| S Iintermediate response
b 1 —Complete response

A L

0,64

Cum Survival

0.4

T T T T T
,00 20,00 30,00 40,00 50,00 60,00
Months

Fig. 1 Kaplan—Meier survival analyses of tumor response rate

The results of OS according to MSI and OS according
to MMR are shown in Figs. 2a—c and 3a-c, respectively.
There was no significant difference in survival between
groups in terms of both MSI and MMR statuses.

Discussion

There are many previous studies in which demograph-
ics and clinicopathologic factors affecting the pCR after
neoadjuvant CCRT in locally advanced rectal cancer
were assessed [11, 12]. Besides, a novel approach, “watch
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and wait” protocol has gained popularity in recent years.
Although there are limited published data of long-term
results, approximately 2.8-80% of these patients present
with local regrowth [13]. It should not be forgotten that
the immune and molecular structure of each patient and
tumor are different.

In addition to the patients’ demographics and clinico-
pathologic features, if the immune and molecular structures
are evaluated, both increased rates in TRG after neoadjuvant
treatment and much more successful rates of DFS and OS in
“watch and wait” strategy can be obtained.

In our study, patients with locally advanced RC were
divided into three groups according to their response to
neoadjuvant CCRT and clinicopathological features of these
three groups were compared. The pCR rate in our study was
15.5%. Factors which were found to have an effect on pCR
in univariate analysis were subjected to multivariate analysis
to detect the most significant ones. Furthermore, we evalu-
ated the possible predictive and prognostic roles of AMMR
and MSI statuses, before and after preoperative therapy in
patients who received preoperative CCRT and curative sur-
gery for locally advanced RC. To the best of our knowledge,
this is the largest clinical series of patients with AMMR RC
and its findings supported several important results. First,
we showed that patients with dMMR had lower rate of pCR
(0.001). Second, we found that AIMMR and MSI-H were
poor prognostic factors for RC, and although they do not
have an effect on OS, DFS rate was lower and distant metas-
tasis rate was higher.

Grading the histological changes is an alternative method
for evaluating the response to the treatment, which is called
TRG. Semiquantitative grading of viable tumor density is
the way of TRG for evaluating the response.

Tumor regression grading was showed to be an independ-
ent prognostic factor in esophagus, gastric, bladder, head,
and neck cancers. Previous studies showed that the incidence
of distant metastasis and treatment failure were higher, while
the local recurrence rate was not affected in RCs. However,
the long-term results showed a significant association of
TRG with DFS [14].

The risk of CRC is higher in males and its incidence
increases significantly in older ages. Also, in many previous
studies, it was reported that age did not affect TRG in RCs,
but males had a better response to CCRT [15]. Additionally,
the effect of CEA level on TRG is still controversial. While
some studies suggested that high CEA level represented
heavy tumor burden and might require a higher dose of
radiation to achieve the same tumor response and prognosis
[16], there are also publications asserting that CEA level had
no effect on TRG [15].

In our study, the male population was significantly
higher than females, and males were found to have higher
TRG rate when compared to females. The number of RC
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Fig.2 Kaplan—Meier survival analyses by tumor regression grade and MSI statuses. a OS of group 1 patients; b OS of group II patients; ¢ OS of
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Fig.3 Kaplan—Meier survival analyses by tumor regression grade and MMR statuses. a OS of group 1 patients; b OS of group II patients; ¢ OS

of group III patients

patients aged 60 and over was significantly higher, but age
was not observed to be dependent to TRG. In addition,
CEA level was found to have no effect on TRG.

Advanced clinical T stage (ycT) is always associated
with large tumor size and introduced as a prominent prog-
nostic factor in locally advanced rectal cancer after pre-
operative CCRT. Therefore, the radiobiological paradigm
for destroying tumor cells which depends on the tumor
size may partially explain the relation between the ycT
and TRG.

Previous studies identified cNO as an independent predic-
tive factor of pCR. The use of TME, since the mesorectal
lymph nodes which contain tumor deposits were removed,
decreased the recurrence rate in RC patients [17]. However,
the value of pathological lymph-node positivity (ypN +) as
an indicator of oncologic outcome is still unclear. Patients
with ypT3—4 or ypN1-2 disease were found to have higher
rates of distant metastasis and local recurrence in a post
hoc analysis of the German rectal cancer trial [14]. Pate
et al. reported that pathological T stage (ypT) affected local

recurrence, but there was no relation between pathologic
lymph-node status (ypN) and recurrence [18].

Our data suggested that ypT, ypN, and advanced grade of
tumors are associated with DFS but not with OS. We also
demonstrated that low T stage was the strongest determinant
of pCR by multivariate analysis, while cNO was associated
with higher rates of pCR in univariate analyses.

Presences of lymphovascular invasion, neural invasion,
and mucinous subtype were reported to be poor prognos-
tic factors and adversely affect TRG [19]. This is possibly
related to the autonomic pelvic nerve and lymphovascular
preservation in patients with the neural and lymphovascular
invasion [19]. Additionally, previous evidence has shown
that mucinous adenocarcinomas were associated with poor
survival and, therefore, require a more aggressive treatment
strategy, especially if TRG was inadequate [20]. Our results
which are corresponded with the literature suggested that
lymphovascular-neural invasion and mucinous subtype affect
the response to the radiation and prognosis adversely.

Colorectal cancer is a disease deriving from genetic alter-
ations which involve changes in the DNA of oncogenes and/

@ Springer
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or tumor suppressor genes. MSI-high tumors consist of cells
with mismatch repair deficiency that accumulate DNA errors
throughout the genome and are associated with a superior
outcome. MSI-H tumors constitute about 15% of CRCs and
2-9.3% of RCs [21, 22].

MMR system has several roles in the response to DNA
damage and conduct the alteration from regular cell cycle to
cell death. Although common opinion accepts that MSI-H
and dMMR display poor response to adjuvant fluoropyrimi-
dine, their behavior with neoadjuvant fluoropyrimidine in
terms of combination with radiation is controversial [23].
There are publications which reported that MSI-H and
dMMR reduce pCR, as well as have no effect [11, 21, 24,
25].

In addition to radiation sensitivity, the results of studies
on the prognostic role of MMR or MSI statuses in RC are
also contradictory and inconclusive. Some studies reported
that patients with MSI-H tumors had a better prognosis than
those with MSI-L or MSS tumors [26, 27], while others
reported that MSI in CRC was not an independent prog-
nostic factor [28]. From these studies, Korean group study
presented MSI-H as a strong positive prognostic factor in
colon cancer, whereas it had no prognostic value in rectum
cancers [29]. According to the study of Samowitz et al.’s
MSI-H RCs, T4 tumors, higher grade, poorly differentiated
histology, and locoregional lymph-node metastasis were
more common and negative prognostic factors [9].

Pathologic complete response is a strong indicator of
oncologic outcomes of RC and it is known that patients
with pCR have better oncologic outcomes [30]. In a single-
center study, 5-year OS for complete, intermediate, and poor
response were 93.4%, 87.0%, and 77.3%, respectively [31].
In another RC subanalysis, 10-year DFS rates for complete,
intermediate, and poor TRG were of 89.5%, 73.6%, and
63.0%, respectively. Our results were also compatible with
the literature in terms of DFS. However, in our series, pCR
was found not to have an effect on OS.

According to many publications, low-lying rectal cancer
is associated with poor prognosis, which could explain the
poor histological response associated with this localization
[32]. Our results did not support this, since distance from
the anal verge was not related with pCR.

Another predictive factor for pCR is the delayed inter-
val of neoadjuvant treatment to surgery. Usually, surgery is
performed 6-8 weeks after neoadjuvant CRRT with a rate
of 11-20% pCR. However, previous studies revealed that
extending the waiting time did not change the pCR rate, but
might only be associated with higher morbidity and more
challenging surgical resection [11, 33]. Also, dose-escalated
RT (over 54 Gy) and double-agent CT did not have an effect
on increasing the pCR rate. In our study, the interval of neo-
adjuvant treatment to surgical resection and radiation dose
were not predictive of pCR.

@ Springer

Besides its distinguished aspects, there are also few limi-
tations of this study. First; the study population was iden-
tified using a linked administrative database that do not
include information regarding various known prognostic fac-
tors in colon cancer, such as family history, smoking status,
diet, or race/ethnicity. Second, KRAS, BRAF mutation, and
p53 expression were unknown due to the working protocols
of our hospital. Third; we could not access the MMR and
MSI statuses of all patients and all patients were from single
center. Additionally, salvage therapies and specific chemo-
therapeutic agents were not included in the data.

Conclusion

To the best of our knowledge, our series of 145 patients with
dMMR and 26 patients with MSI-H RC who underwent sur-
gery after neoadjuvant CRRT is one of the largest series in
this subject. Tumors with MMR were related with a reduced
PCR rate on multivariable analysis. Patients with MSI-H and
dMMR had poor prognosis. Also, as non-operative man-
agement trend has increased, emphasizing the importance
of MMR may lead clinicians to evaluate these statuses and
practice “watch and wait” protocol more carefully in AIMMR
cases. We believe that with the further future studies on
molecular structures of the tumors, more appropriate and
individualized therapies will be selected for patients.
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