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Introduction
Colorectal cancer (CRC) is one of the most com-
mon malignant tumors, which seriously threatens 
mankind’s health and life.1 For locally advanced 

colorectal cancer (LACC), neoadjuvant chemo-
therapy (NAC) combined with radical resection 
and adjuvant therapy was the standard treatment 
strategy.2,3 Compared with postoperative adjuvant 
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Abstract
Background: Deficient mismatch repair (dMMR) or microsatellite instability is one of the well-
established molecular biomarkers in colorectal cancer (CRC). The efficiency of neoadjuvant 
chemotherapy (NAC) in locally advanced colorectal cancer (LACC) patients with dMMR is 
unclear.
Objectives: We assessed the tumor response and clinical outcome in LACC patients with 
dMMR received NAC.
Design: Retrospective, single-center analysis.
Methods: From 2013 to 2018, a total of 577 LACC patients with dMMR who underwent radical 
surgery were identified. Among them, 109 patients who received adjuvant chemotherapy 
were further screened out for analysis. According to whether receiving NAC or not, 109 
patients were divided into two groups with the purpose of retrospectively analyzing their 
characteristics, treatment, and survival results, especially the 5-year disease-free survival 
(DFS) and 5-year overall survival.
Results: Baseline characteristics were matched between the two groups. One of 40 patients 
in NAC group recurred, while 13 of 69 patients in non-NAC group recurred. Univariate and 
multivariate analyses showed that NAC (hazard ratio: 0.115; 95% confidence interval: 0.015–
0.897; p = 0.039) was independent influence factor for DFS. In NAC group, there were 13/40 
(32.5%) patients for tumor regression grade 1 and 27/40 (67.5%) patients converted clinical 
positive N-stage into negative N-stage.
Conclusion: In this study, NAC was associated with better tumor downstaging and longer 
5-year DFS in LACC patients with dMMR. Consequently, NAC might be an additional treatment 
choice when it comes to such patients in the future.
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chemotherapy, NAC can not only improve the 
local control rate, but also decrease the distant 
metastasis.4

DNA mismatch repair pathway was a crucial 
post-replicative repair process.5 Microsatellite 
status was one of the well-established molecular 
biomarkers in CRC6,7 and previous data showed 
that 10–20% of CRC were microsatellite insta-
bility (MSI), which was caused by MMR defi-
ciency.8 As a result, deficient mismatch repair 
(dMMR) was considered equivalent to MSI-high 
(MSI-H).9 In recent years, MMR status has been 
proved to affect prognosis of CRC and guide 
treatment.10 Previous studies have demonstrated 
that immune checkpoint inhibitors (ICIs) have 
significantly therapeutic effects on CRC patients 
with dMMR.11 Nevertheless, there were still 
many LACC patients with dMMR who cannot 
benefit from immunotherapy on account of 
developed resistance and insensitivity. Although 
it is a remarkably clinical issue and urgent need 
to transform immunologically ‘cold’ immune 
microenvironment into the ‘hot’ one, it has 
existed as a tricky problem and been not well 
resolved at present.

When LACC patients are ineffective in immuno-
therapy, NAC might be the remaining potential 
option. But there were opinions that LACC 
patients with dMMR have the resistance to fluo-
rouracil and are not sensitive to chemother-
apy.12,13 However, Their results could be better 
convinced if they did not limit the objects for 
dMMR patients.12,13 Interestingly, Cercek A et al. 
gave evidence that the dMMR group was more 
likely to exhibit disease progression after receiving 
NAC.14 Thus, NAC has little relevance to dMMR 
status. In contrast, gastric cancer patients with 
MSI-H who received NAC had a better sur-
vival.15,16 That is, the resistance of fluoropyrimi-
dine was not universal for patients with dMMR. 
Unfortunately, few previous investigations have 
directly reported if LACC patients with dMMR 
can benefit from NAC.

Therefore, we divided LACC patients with 
dMMR into two groups according to whether 
they received NAC, and compared their down-
staging rate and oncological outcomes. This study 
aims to explore if NAC has residual value in the 
era of immunotherapy.

Methods

Patient selection
Through retrospective analysis, we collected 
6028 CRC patients who underwent radical sur-
gery in the Sixth Affiliated Hospital of Sun Yat-
sen University from 2013 to 2018. A total of 577 
LACC patients were pathologically diagnosed 
with dMMR after surgery. In all, 109 patients 
who received adjuvant chemotherapy were 
enrolled (Figure 1). The inclusion criteria were as 
follows: (1) CRC patients with preoperative stag-
ing of stage II (T3 to 4, N0) or stage III (T1 to 4, 
N1 to 2) with a positive node defined as 1.0 cm or 
larger in diameter on imaging; (2) patients 
received radical surgery and postoperative adju-
vant chemotherapy; and (3) postoperative patho-
logical specimens were diagnosed as dMMR. The 
exclusion criteria for patients included the follow-
ing: (1) patients with other malignant tumors at 
the same time or in the past, (2) patients with dis-
tant or peritoneal metastasis, (3) concurrent mul-
tiple CRCs, and (4) patients with incomplete 
follow-up or collection of data. The information 
of demographic, treatment characteristics, and 
oncology outcomes were collected. Considering 
the impact of adjuvant chemotherapy on survival 
outcomes, 206 patients who did not receive adju-
vant chemotherapy were excluded. In addition, 
56 patients were excluded due to incomplete 
data, 35 patients did not receive 12 cycles of 
chemotherapy, and 19 patients who lost follow-
up were excluded.

Pathological assessment
Two experienced pathologists analyzed the 
expression of MMR protein by immunohisto-
chemistry (IHC) to test the MMR status in surgi-
cal pathological specimen. When the IHC result 
was uncertain, it can be further confirmed by the 
PCR-based MSI testing. Because of National 
Comprehensive Cancer Network (NCCN) and 
Chinese Society of Clinical Oncology guidelines, 
dMMR was defined as any lack of expression of 
MMR gene-related proteins (MLH1, MSH2, 
MSH6, and PMS2) in immunohistochemical 
detection. Pathological staging: The patients were 
staged by the American Joint Committee on 
Cancer staging /International Union Against 
Cancer TNM staging. Tumor regression grade 
(TRG) after preoperative treatment was evaluated 
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semi-quantitatively according to NCCN guide-
lines: TRG1, TRG2, and TRG3, which corre-
sponded to <10%, 10–50%, and >50% residual 
tumor cells within the tumor bed, respectively.

Treatment
The tumor and the entire pelvis were treated with 
radiotherapy 23–25 doses, with a total dose of 
46.0–50.4 Gy from Monday to Friday. Patients 
received four to six cycles of fluorouracil (leucov-
orin 400 mg/m2 intravenously followed by fluoro-
uracil 400 mg/m2 intravenously and fluorouracil 
2.4 g/m2 by 48-h continuous intravenous infusion) 
with the oxaliplatin 85 mg/m2 intravenously each 
chemotherapy treatment cycle and underwent 
radiotherapy during the 2–4 cycles. For postoper-
ative chemotherapy, patients accepted 6–8 cycles 
of mFOLFOX6, with the addition of radiation 
after surgery on the physicians’ decision.

Following up
The follow-up was carried out by outpatient or 
telephone every 6 month and the contents 
included: the patient’s current general condition, 
physical examination including digital rectal 
examination, carbohydrate antigen 19-9 and car-
cinoembryonic antigen (CEA), chest and abdo-
men computed tomography (CT), pelvic 
magnetic resonance imaging (MRI) and other 
examinations. If the review result were abnormal, 
further abdominal MRI and Positron emission 
tomography-CT examination were performed if 
necessary. The duration from radical resection to 
the date of last follow-up or tumor recurrence was 
defined as disease-free survival (DFS), and the 
duration from radical resection to the date of last 
follow-up or death caused by any reason was 
defined as overall survival (OS). This study was 
followed up until the date of death of the patient 
or the end of the study follow-up (January 2022).

Statistical analysis
SPSS 25.0 for data analysis was used. Chi-square 
test was used to analyze the classification parame-
ters, and the number and percentage of cases were 
recorded. The Kaplan–Meyer log-rank test was 
used to compare the effects of influencing factors 
on 5-year DFS and 5-year OS. Moreover, the 
prognostic factors were analyzed by Cox univariate 
analysis. When the p value was less than 0.05, the 
multivariate Cox analysis was included, and the 

hazard ratio (HR) value, 95% confidence interval 
(CI), and p value were output. When p < 0.05, the 
difference was statistically significant.

The reporting of this study conforms to the 
STROBE statement.17

Results

Clinicopathological factors
The characteristics, treatment, and pathological 
characteristics of the patients are summarized in 
Table 1. Baseline characteristics were matched 
between the NAC group and non-NAC group. 
From 2013 to 2018, there were 577 dMMR 
underwent radical resection in 6028 CRC 
patients. Among 577 dMMR patients, 352/3272 
(10.8%) were colon cancer patients with dMMR 
and 252/2756 (8.2%) were rectal cancer patients 
with dMMR (Figure 2(a)). A total of 109 LACC 
patients with dMMR received adjuvant chemo-
therapy, of which 76 males and 33 females were 

Figure 1.  Flowchart representing the selection of eligible patients for the 
present study.
CRC, colorectal cancer; dMMR, deficient mismatch repair; NAC, neoadjuvant 
chemotherapy.
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Table 1.  Clinical characteristics and treatment of dMMR LACC patients.

Variables Total (n = 109) NAC (n = 40) Non-NAC (n = 69) p Value

Age (years)

  <65 98 (89.9) 37 (92.5) 61 (88.4) 0.494

  ⩾65 11 (10.1) 3 (7.5) 8 (11.6)  

Gender

  Male 76 (69.7) 27 (67.5) 49 (71.0) 0.700

  Female 33 (30.3) 13 (32.5) 20 (29.0)  

Clinical T stage

  2–3 65 (59.6) 26 (65.0) 39 (56.5) 0.385

  4 44 (40.4) 14 (35.0) 30 (43.5)  

Clinical N stage

  0 32 (29.4) 13 (32.5) 19 (27.5) 0.583

  1–2 77 (70.6) 27 (67.5) 50 (72.5)  

Tumor differentiation

  Poor or moderate 69 (63.3) 25 (62.5) 35 (50.7) 0.234

  Well 40 (36.7) 15 (37.5) 34 (49.3)  

Preoperative radiotherapy

  − 97 (89.0) 28 (70.0) 69 (100.0) <0.001

  + 12 (11.0) 12 (30.0) 0 (0.00)  

Tumor location

  Colon 72 (66.1) 13 (32.5) 59 (85.5) <0.001

  Rectum 37 (33.9) 27 (67.5) 10 (14.5)  

Histologic type

  Adenocarcinoma 75 (68.8) 30 (75.0) 45 (65.2) 0.288

  Mucinous 34 (31.2) 10 (25.0) 24 (44.8)  

Vascular invasion infiltration

  − 97 (89.0) 38 (95.0) 59 (85.5) 0.127

  + 12 (11.0) 2 (5.0) 10 (14.5)  

Perineural invasion

  − 103 (94.5) 38 (95.0) 65 (94.2) 0.860

  + 6 (5.5) 2 (5.0) 4 (5.8)  

CEA (ng/mL)

  <5 82 (75.2) 30 (75.0) 52 (75.4) 0.966

  ⩾5 27 (24.8) 10 (25.0) 17 (24.6)  

CA19-9 (U/mL)

  <34 94 (89.5) 37 (92.5) 57 (82.6) 0.149

  ⩾34 15 (10.5) 3 (7.5) 12 (17.4)  

CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; dMMR, deficient mismatch repair; LACC, locally advanced colorectal 
cancer; NAC, neoadjuvant chemotherapy.
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47.61 ± 13.00 years old. In all, 40 LACC patients 
with dMMR (24.9%) received NAC while 69 
(75.1%) without NAC. The MLH1/PMS2 defi-
cient rate was 43.1%, the MSH2/MSH6 deficient 
rate was 32.1%, the MLH1/MSH6/PMS2 defi-
cient rate was 1.0%, and the deficient rates of sin-
gle MLH1 protein, MSH2 protein, MSH6 
protein, and PMS2 protein were 3.7%, 2.8%, 
8.3%, and 9.2%, respectively (Figure 2(b)).

Oncological outcomes
After a median follow-up of 49 months (9–
99 months), 14 of the 109 patients (12.8%) had 
tumor recurrence, of which 3 patients occurred 
local recurrence and 11 patients occurred distant 
metastasis. In the end, six patients (5.5%) died of 
disease deterioration. In the NAC group, there 
were 13 patients for TRG1, 16 patients for 
TRG2, and 11 patients for TRG3. In addition, 
27/40 (67.5%) patients converted clinical posi-
tive N-stage into negative N-stage after NAC. 
Comparing the 5-year DFS rate of LACC 
patients with dMMR with or without NAC 
(97.5% versus 81.2%, p = 0.014), there was a sig-
nificant statistical difference in the DFS rate 
between two group (Figure 3(a)). For the 5-year 
OS rate, there was not statistical difference 
between LACC patients with dMMR treated 
with or without NAC (97.5% versus 92.8%, 
p = 0.295) (Figure 3(b)). Besides, the effects of 
neoadjuvant radiotherapy and tumor location on 

DFS and OS were not statistically different 
(p > 0.05).

Prognostic analysis of clinical factors
Univariate analysis revealed that stage T4 (HR: 
2.892; 95% CI: 1.014–8.249; p = 0.047) and poor 
tumor differentiation (HR: 4.964; 95% CI: 1.384–
17.806; p = 0.014) would lead to shorter DFS, 
while longer DFS was associated with NAC (HR: 
0.126; 95% CI: 0.017–0.965; p = 0.046). In the 
multivariate analysis, stage T4 (HR: 1.845; 95% 
CI: 1.090–3.149; p = 0.025) and NAC (HR: 0.115; 
95% CI: 0.015–0.897; p = 0.039) resulted in longer 
DFS (Table 2). In addition, the analysis of the 
influencing factors on OS showed that age 
>65 years (HR: 8.372; 95% CI: 1.685–41.607; 
p = 0.009), stage T4 (HR: 5.619; 95% CI: 1.057–
29.881; p = 0.043), and CEA > 5 ng/mL (HR: 
8.653; 95% CI: 1.547–48.399; p = 0.014) were 
related to shorter OS. But there was no statistical 
difference in each factor during multivariate analy-
sis (Table 3). In addition, neoadjuvant radiother-
apy is not an influencing factor for DFS (HR: 
0.623; 95% CI: 0.081–4.761; p = 0.648) and OS 
(HR: 1.216; 95% CI: 0.139–10.622; p = 0.860). 

Discussion
To our knowledge, this study directly illustrated 
that NAC might have to do with better histologi-
cal regression and longer DFS in LACC patients 

Figure 2.  (a) The proportion of mismatch repair proteins deficient patients in CRC patients. (b) The mismatch 
repair proteins deficient of 109 LACC patients.
CRC, colorectal cancer; LACC, locally advanced colorectal cancer.
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with dMMR for the first time, which provided 
some evidence to fill the gap in this field.

Microsatellite status was considered to be a prog-
nostic biomarker.18,19 Previous studies manifested 

that dMMR status represented a better prognosis 
for CRC patients, but the benefits of fluorouracil 
for dMMR patients were limited.20,21 Namely, the 
prognostic role of NAC in dMMR patients was 
controversial. De Rosa N et al. proved that NAC 

Figure 3.  Oncological outcomes LACC patients with dMMR. (a) Kaplan–Meier estimates for DFS. (b) Kaplan–
Meier estimates for OS.
DFS, disease-free survival; dMMR, deficient mismatch repair; LACC, locally advanced colorectal cancer; OS, overall survival.

Table 2.  Cox regression analysis of prognostic factors for the DFS of dMMR LACC patients.

Factors Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Age > 65 years 1.619 (0.362–7.239) 0.528  

Gender (female) 0.916 (0.287–2.922) 0.883  

pT stage 4 2.892 (1.014–8.249) 0.047 1.845 (1.090–3.149) 0.025

pN stage positive 3.060 (0.684–13.682) 0.143  

Poor tumor differentiation 4.964 (1.384–17.806) 0.014 3.594 (0.978–13.199) 0.054

NAC 0.126 (0.017–0.965) 0.046 0.115 (0.015–0.897) 0.039

Neoadjuvant radiotherapy 0.623 (0.081–4.761) 0.648  

Tumor location (rectum) 0.516 (0.144–1.850) 0.310  

Histologic type (mucinous type) 0.601 (0.168–2.153) 0.434  

No. of lymph nodes excised > 12 0.717 (0.100–2.571) 0.610  

Vascular invasion infiltration 2.349 (0.655–8.424) 0.190  

Perineural invasion 3.574 (0.417–30.623) 0.245  

CEA > 5 ng/mL 0.836 (0.233–2.997) 0.783  

CA19-9 > 34 U/mL 1.035 (0.232–4.627) 0.964  

CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CI, confidence interval; DFS, disease-free survival; 
dMMR, deficient mismatch repair; HR, hazard ratio; LACC, locally advanced colorectal cancer NAC, neoadjuvant 
chemotherapy.
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had not improve the progression-free survival and 
clinical response rates of dMMR rectal cancer 
patients compared with proficient MMR (pMMR) 
rectal cancer patients.22 Similarly, Elizabeth C 
Smyth et al. found that MSI-H had to do with a 
negative prognostic effect in gastric cancer patients 
treated with NAC.23 As the backbone of systemic 
therapy, the resistance of fluoropyrimidine raised 
concern on primary chemotherapy resistance in 
dMMR CRC patients. On the contrary, the study 
from Cercek A et al. made clear that the resistance 
of fluoropyrimidine was not universal for dMMR 
CRC patients, which displayed that a fraction of 
such patients may be salvaged with chemoradia-
tion.14 Therefore, the resistance of dMMR CRC 
to NAC might be only relative. Also, Shu-Biao Ye 
reported that CRC patients with dMMR could 
profit by NAC, while patients with stage III and 
pMMR can benefit from neoadjuvant chemora-
diotherapy.24 Undoubtedly, past researches pro-
vided some evidence to demonstrate the influence 
of MMR status on NAC. However, such studies 
were centered on the comparison of MMR states, 
which made it ignored whether dMMR patients 
could be helped by NAC. As many LACC patients 
with bulky and clinically symptomatic tumors, 
choosing the first-line treatment of local control 
appropriately and promptly is essential.

An ideal study to determine the benefits of NAC 
in dMMR CRC would require distribution of 
NAC group versus non-NAC group. This study 
analyzed this problem in a retrospective way. Our 
study found 13 (32.5%) patients achieved TRG1 
and 27/40 (67.5%) patients converted clinical 
positive N-stage into negative N-stage after 
receiving NAC. In addition, only one of 40 LACC 
patients with dMMR who received NAC occurred 
distant metastases. But three patients occurred 
local recurrence and 10 patients occurred distant 
metastasis in the 69 dMMR LACC patients who 
did not receive NAC. Furthermore, our study 
also revealed that NAC was associated with longer 
5-year DFS. Since not all patients received neo-
adjuvant radiotherapy, it is important to consider 
whether it influenced the outcome. Previous 
research conducted that dMMR rectal cancer 
patients were not sensitive to radiotherapy.25 
Moreover, the article from Shu-Biao Ye et  al. 
observed that the prognosis of rectal cancer 
patients with dMMR received neoadjuvant chem-
oradiotherapy was not significantly better than 
that of the ones received NAC.24 Our results also 

revealed that neoadjuvant radiotherapy was not a 
prognostic factor for dMMR patients. In addi-
tion, radical resection of T4 stage tumor was 
more difficult, so the value of NAC was more 
vital. Previous research from Federica Papaccio 
et al. indicated that NAC could improve the prog-
nosis of pMMR rectal cancer patients with stage 
T4.24 Our study demonstrated the stage T4 was 
an independent risk factor on DFS for LACC 
patients with dMMR. That is to say, NAC will be 
required to reduce the T stage before radical sur-
gery in the future.

In recent years, immunotherapy has gradually 
become a crucial choice for CRC patients with 
dMMR.11 But the challenges of acquired and 
intrinsic resistance to ICI remain.26,27 The mech-
anism of immunotherapy resistance was unclear 
and there was no truly effective method.28 How to 
make it a very real clinical problem when immu-
notherapy is ineffective in dMMR CRC patients, 
and NAC may be an alternate option. However, 
the use of chemotherapy must take the ratio of 
drug toxicity to benefit in consideration, and it is 
still unknown whether patients with dMMR can 
benefit from NAC. Our results suggested that a 
subset of patients with dMMR can still benefit 
from NAC. Therefore, NAC should be consid-
ered as the second treatment option for LACC 
patients with dMMR. For LACC patients with 
dMMR, NAC still has residual value in this era of 
immunotherapy.

It was undeniable that there were some limita-
tions in our study such as retrospective, single 
center, and limited sample quantity. In addition, 
some patients who reached pathological complete 
response after neoadjuvant chemoradiotherapy 
were unable to perform MMR status analysis due 
to the lack of tumor samples. Despite these limi-
tations, we still hope that this study can provide 
useful information for the treatment in LACC 
patients with dMMR.

Conclusions
In conclusion, NAC might be correlated with bet-
ter histological regression and longer DFS for 
LACC patients with dMMR. This study bridged 
the previous knowledge gaps and preferred NAC 
being an additional treatment choice for LACC 
patients with dMMR and improving their 
survival.
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Table 3.  Cox regression analysis of prognostic factors for the OS of dMMR LACC patients.

Factors Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Age > 65 years 8.372 (1.685–41.607) 0.009 4.353 (0.770–24.611) 0.096

Gender (female) 1.268 (0.230–7.002) 0.785  
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Neoadjuvant radiotherapy 1.216 (0.139–10.622) 0.860  

Tumor location (rectum) 0.909 (0.165–5.015) 0.912  

Histologic type (Mucinous type) 0.499 (0.058–4.289) 0.527  

No. of lymph nodes excised > 12 0.491 (0.088–2.736) 0.417  

Vascular invasion infiltration 4.318 (0.789–23.620) 0.092  

Perineural invasion 3.574 (0.417–30.623) 0.245  

CEA > 5 ng/mL 8.653 (1.547–48.399) 0.014 3.735 (0.583–23.951) 0.165

CA19-9 > 34 U/mL 3.263 (0.597–17.835) 0.172  

CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CI, confidence interval; dMMR, deficient mismatch 
repair; HR, hazard ratio; LACC, locally advanced colorectal cancer NAC, neoadjuvant chemotherapy; OS, overall survival.
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