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Abstract 

This study explored t mismatch repair deficient (dMMR) in rectal cancer, comparing outcomes with mismatch 

repair proficient (pMMR) cases in 1645 patients. DMMR tumors (46/1645) achieved pathological complete 

response more often, despite similar long-term oncological outcomes. While dMMR tumors showed an 

adequate response to neoadjuvant chemoradiotherapy, promising immunotherapy results stress the impor- 
tance of MMR-testing. 
Introduction: Data regarding the incidence and outcomes of mismatch repair deficient (dMMR) rectal cancer is 
limited. This study characterizes dMMR rectal cancer patients, comparing response after neoadjuvant radiotherapy 
and oncological outcomes to mismatch repair proficient (pMMR) rectal cancer patients. Method: A retrospective cross- 
sectional cohort study was conducted in 67 Dutch centers. Data including patient and tumor characteristics, radiological 
and pathological reports and oncological follow-up outcomes were gathered from documentation in electronic patient 
files for patients who underwent a curative resection for primary rectal cancer in 2016. MMR-status was verified in 

pathology reports from immunohistochemistry or PCR microsatellite instability testing. Results: MMR-status was deter- 
mined in 1645 (54.9%) of 3001 stage I-IV rectal cancer patients, of which 46 (2.8%) were dMMR. Median follow up was 
50 months (IQR 38-55). MMR-status was determined more often in younger patients. DMMR tumors were more locally 
advanced (cT4 23.9% vs. 8.8%, P = .010), and more distally located (mean distance to anorectal junction 3.6 cm vs. 
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5.3 cm, P = .004) than pMMR tumors. While radiological response after neoadjuvant (chemo)radiotherapy was similar, 
pathological complete response was significantly higher in dMMR compared to pMMR tumors (24.0% vs. 10.0%, P 

= .039). Four-year local recurrence, distant metastases, cancer-specific or overall survival rate between patients with 

dMMR or pMMR tumors were similar. Conclusion: In this population-based cohort, 2.8% of rectal cancers in which 

MMR-status was determined were subtyped as dMMR. Surprisingly, dMMR was associated with higher pathological 
complete response rate to neoadjuvant (chemo) radiotherapy than pMMR. MMR-status did not impact oncological 
outcomes. 

Clinical Colorectal Cancer, Vol. 000, No.xxx, 1–10 © 2024 The Author(s). Published by Elsevier Inc. This is an open 

access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
Keywords: Rectal cancer, Deficient MMR, Pathological complete response, Standard-of-care neoadjuvant therapy, 

Immunotherapy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 Cli
Introduction 

Worldwide, colorectal cancer (CRC) records 1.9 million new
cases annually, with a 65% average 5-year survival rate. 1 Prognos-
tic determinants of CRC include patient characteristics, clini-
copathological factors, treatment factors, host response factors
and genomic factors. 2 , 3 Mismatch repair (MMR) status, observed
in approximately 13% of CRC, has emerged as a standard
addition to the list of relevant tumor characteristics. MMR
deficiency (dMMR) results from epigenetic silencing, mutations
or deletions of the MMR proteins leading to failure in correct-
ing DNA replication errors. 4 dMMR CRC differs from MMR-
proficient (pMMR) CRC, with a higher grade and more proxi-
mal location. 5 While stage 1 to 2 dMMR CRC shows more
favorable prognostic outcomes than pMMR CRC, 6 this benefit
diminishes in stage 3 tumors and is arguably reversed in the
metastatic setting; the latter in the preimmunotherapy era. 7

Recent studies highlight poor response of dMMR colon cancer to
(neo)adjuvant chemotherapy, 8 whereas neoadjuvant immunother-
apy yields a remarkably good response. 9 , 10 Advancing knowledge of
tumor-specific characteristics and behavior, emphasize the increas-
ing importance individualized oncological workup and tailored
treatment strategies. 

In rectal cancer, the focus on achieving organ preservation is
growing, emphasizing the importance of radiological response evalu-
ation and assessment of MMR-status. Current Dutch guidelines
recommend routine determination of MMR-status for patients
below the age of 70, with uniform recommendations for neoadju-
vant treatment for dMMR and pMMR rectal cancers. 11 Hypothet-
ically, patients with dMMR rectal cancer, similar to dMMR colon
cancer, could respond less to standard-of-care (SoC) neo-adjuvant
therapy, which might reduce organ preservation chances. Scarce
literature on this topic shows contradictory results. 12-15 

Moreover, immunotherapy has shown promising results in small
cohorts of dMMR rectal cancer patients, enabling organ perserva-
tion. 16 , 17 In this evolving treatment landscape, and while await-
ing long-term outcomes for dMMR rectal cancer postimmunother-
apy, this nationwide retrospective study aimed to evaluate dMMR
rectal cancer incidence, possible differences in clinicopathological
risk factors and response after SoC neo-adjuvant therapies between
dMMR and pMMR tumors and assess the impact of MMR-status
on surgical and oncological outcomes. 
 

nical Colorectal Cancer 2024 
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Methods 

The Snapshot Rectal Cancer 2016 study is a retrospective
national cross-sectional cohort study including all 2016 rectal cancer
resection in 67/69 Dutch hospitals providing rectal cancer care.
Patients selection utilized the Dutch ColoRectal Audit (DCRA),
a mandatory registry containing baseline characteristics and short-
term ( < 90 days) surgical outcomes. Patients under watch and wait
were excluded due to incomplete registration. Between October
2020 and February 2022, local collaborative teams including
surgeons and residents in surgery received a study specific data
collection manual and gathered a standard set of additional detailed
information on diagnostics, treatment, and oncological outcomes
from electronic patient files with a 4-year follow-up period. A more
detailed description of this Snapshot design can be found in previ-
ous publications. 18 

MMR-Status 
Local collaborators validated MMR-status derived from the

DCRA database after additional instruction concerning MMR
terminology. During data validation, pathology reports from
2016 to 2022, including those from recurrence or metastasis,
were checked for immunohistochemical staining (IHC) of MMR
proteins or microsatellite instability (MSI). Abnormal IHC (loss of
expression of MLH1, MSH2, MSH6, or PMS2) or MSI were both
classified as dMMR, while normal IHC and MSS were categorized
as pMMR. When neither IHC was conducted nor MSI was tested,
the MMR-status was categorized as undetermined. If data validation
was impossible, patients were excluded from analyses. 

Outcomes and Definitions 
This study aimed to compare tumor- and treatment-related

characteristics among patients with dMMR, pMMR and undeter-
mined MMR-status, including neoadjuvant therapy, surgical
procedure, complications and pathological outcomes. Treatment
decisions, following Dutch guidelines, were based on the multidisci-
plinary team’s evaluation, offering CRT (25 × 2Gy or 28 × 1.8Gy
with concomitant capacetibine) for locally advanced tumors, short-
course RT (5 × 5Gy) or direct surgery for intermediate risk tumors
and low risk tumors were offered direct surgery. In general, no
adjuvant therapy was offered. For the analysis of surgical compli-
cations, pelvic sepsis was defined as anastomotic leakage, presacral
s of Patients With Mismatch Repair Deficient Rectal Cancer Operated in 
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abscess or any other abscess related to the tumor or surgery. Missing
values were reported in Appendix 1 . 

Clinical and pathological response after neoadjuvant therapy were
analyzed for pMMR and dMMR tumors. Clinical response was
categorized based on restaging MRI reports without central review,
and classified as clinical complete or partial response, stable disease,
or progressive disease. Pathological response after 5 × 5Gy RT with
long interval or CRT was categorized into pathological complete
response (pCR; absence of microscopic tumor cells in the surgical
specimen, including tumor bed and lymph nodes [ypT0N0]) or not.

For analyses of oncological outcomes, patients without
synchronous metastases ( < 3 months of resection) were excluded,
and 4-year local recurrence (LR)-rate, metachronous distant
metastases (DM)-rate and cancer-specific survival were compared
between dMMR and pMMR tumors. 

Statistics 
Analyses were conducted in SPSS Statistics (Version 28, IBM,

Chicago, IL). Baseline characteristics were presented as numbers
with percentages for categorical data and mean with standard devia-
tion (SD) or median with interquartile range (IQR) depending on
distribution. Groups were compared using X2 or independent t-
tests. Kaplan-Meier survival analysis with the log-rank test assessed
oncological outcomes and survival probabilities. With exception
from the baseline characteristics, results of the undetermined group
are provided as information regarding the bias to test, but p-values
were calculated for dMMR versus pMMR only. A P -value of < .05
was considered statistically significant. 

Ethics 
The Medical Ethic Committee of the Amsterdam UMC

approved the study protocol in 2020. The Dutch Medical Research
Involving Human Subjects Act was deemed not applicable. Local
Institutional Review Boards granted approval in each center, and
determined whether informed consent was required or patients were
given the opportunity to opt-out. 

Results 

In 3001 patients ( Fig. 1 ), MMR-status had been determined
in 1645 (54.8%); 46 (2.8%) were dMMR and 1599 (97.2%)
were pMMR. Inter-hospital variation in determining MMR-status
ranged from 13.2% to 94.1%. MMR-status was determined in
77.4% of patients aged < 70, compared to 24.8% in patients aged
≥70 ( P < .001). Median follow-up for those with a determined
MMR-status was 50 months (IQR 38-56). 

Determined Versus Undetermined MMR-Status 
Table 1 displays baseline characteristics of the whole cohort and

MMR-status determination. There was no significant difference in
clinical T (cT) stage between both groups. However, clinical N
(cN) stage was significantly lower for undetermined MMR-status
(cN0 48.9% vs. 43.5%, P = .004). Moreover, slightly higher rates
of complete tumor and regional nodal response were found in the
undetermined group ([y]pT0 9.8% vs. 5.5%, P < .001; [y]pN0
68.5% vs. 64.0%, P = .011) compared to the determined group. 
Please cite this article as: Eline G.M. van Geffen et al, Incidence and Outcome
2016: A Nationwide Cohort From The Netherlands, Clinical Colorectal Cancer
dMMR Versus pMMR Tumors 
Compared with pMMR, dMMR patients were more often

females (50.0% vs. 35.9%, P = .050), and presented more
frequently with multiple rectal tumors on colonoscopy (11.0% vs.
2.9%, P = .008). Primary MRI showed higher cT-stage for dMMR
tumors (T4 25.0% vs. 9.3%, P = .010), and location closer to the
anorectal junction (ARJ) (mean distance 3.6 cm vs. 5.3 cm, P =
.008). Consequently, an APR was performed more often in dMMR
patiënts (34.8% vs. 22.9%, P < .001). pT-stage was similar for both
groups, but pN-stage was lower for dMMR tumors ([y]pN0 83.7%
vs. 63.4%, P = .019, Table 1 ). 

Clinical and Pathological Response After Neoadjuvant 
Therapy 

Of those who received 5 × 5Gy RT followed by a long interval
or CRT as neoadjuvant therapy, a restaging MRI was performed in
572 (of 658, 87%) pMMR tumors and 20 (of 25, 80%) dMMR
tumors. Clinical response was similar, but pathological response was
better in the dMMR group ( Table 2 ); in this group 6 of 25 patients
achieved a pCR (24.0%), compared to 66 of 657 (10.0%) in the
pMMR group ( P = .039). For patients with a pCR, dMMR tumors
were more often cT4 on primary MRI compared to pMMR tumors
(66.7% vs. 12.3%, P = .006), while neoadjuvant treatment pMMR
and dMMR tumors was (pMMR 86.4% CRT and 13.6% 5 × 5Gy
RT; dMMR 83.3% CRT and 16.7% 5 × 5Gy RT). 

Oncological Outcomes 
In patients without synchronous metastasis, the 4-year LR-rate

was 4.7% for dMMR, compared to 9.6% for pMMR tumors
( P = .280, Fig. 2 A). After 4 years, DMs were present in 19.3% of
dMMR patients, compared to 23.9% of pMMR patients ( P = .762,
Fig. 2 B). Also, cancer specific survival (CSS) and overall survival
(OS) were similar for patients with dMMR and pMMR tumors
(CSS 89.3% vs. 86.5%, P = .996; OS 85.5% vs. 82.2%, P = .990,
respectively, Fig. 2 C/D). Due to comparable oncological outcomes
and a low number of dMMR tumors, multivariable analyses were
not conducted. 

Discussion 

In this 2016 Dutch, cross-sectional cohort of 3001 patients
who underwent surgical resection for rectal cancer, MMR status
was determined in 1645 patients and 46 had a dMMR tumor
(2.8%). The incidence is similar to previous studies, which report an
incidence of approximately 3%. 19 , 20 The dMMR cohort consisted
of significantly more women, advanced cancers, and distally located
tumors, with a higher pCR rate after neoadjuvant (C)RT. Despite
these differences, oncological outcomes (LR, DM, OS and CSS)
were comparable. To our knowledge, this is the first population
based cohort of dMMR rectal cancer patients with appropriate
follow up. 

In 2016 the Dutch CRC guideline recommended MMR determi-
nation in patients < 70 years: 11 ; this was adhered to in 77.4% in this
cohort. This inevitably introduces a selection bias. Consequently,
the determined group had a lower age, lower ASA-classification,
more primary anastomoses and more pelvic sepsis. Baseline differ-
ences in pT/N-stage with a trend towards more (y)pT0/N0 in
Clinical Colorectal Cancer 2024 3 
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Table 1 Baseline, Treatment and Tumor Characteristics of the Cohort. 

Variable Whole 
Cohort 

(n = 3001) 

Undetermined 
MMR 

(n = 1356, 
45.2%) 

Determined 
MMR 

(n = 1645, 
54.8%) 

P - 
Value 

pMMR 

(n = 1599, 
97.2%) 

dMMR 

(n = 46, 
2.8%) 

P - 
Value 

n (%) n (%) n (%) n (%) n (%) 
Sex: male 1944 (64.8) 896 (66.1) 1048 (63.7) .176 1025 (64.1) 23 (50.0) .050 a 

Mean age in y (SD) 67.1 (10.1) 72.6 (8.5) 62.6 (9.0) < .001 62.7 (8.9) 59.6 (11.7) .081 
Mean BMI (SD) 26.6 (4.6) 26.6 (4.1) 26.6 (4.9) .691 26.6 (4.9) 25.9 (4.8) .355 
ASA-classification 
I/II 

2430 (81.8) 1021 (76.3) 1409 (86.4) < .001 1371 (86.5) 38 (84.4) .672 

III/IV 539 (18.2) 318 (23.7) 221 (13.6) 214 (13.5) 7 (15.6) 
Previous malignancy 
(excl BCC) 

387 (18.2) 213 (19.8) 174 (16.6) .057 167 (16.5) 7 (20.0) .583 

No. of primary 
tumors 
(colonoscopy) 1 

2891 (97.2) 1310 (96.6) 1581 (96.1) .470 1541 (97.1) 40 (89.0) .008 

2 + 84 (2.8) 33 (2.4) 31 (3.1) 46 (2.9) 6 (11.0) 
Distance to the ARJ 
in cm on primary 
MRI (SD) 

5.1 (3.6) 5.1 (3.5) 5.1 (3.6) .642 5.3 (3.6) 3.6 (3.0) .004 

Above the sigmoid 
take off 

301 (11.0) 121 (10.0) 180 (11.8) .121 179 (12.1) 1 (2.3) .050 

Clinical T category 
(MRF ±) T1 

125 (4.4) 55 (4.4) 70 (4.5) .188 67 (4.5) 3 (6.8) .010 

T2 816 (29.0) 397 (31.4) 419 (27.1) 410 (27.3) 9 (20.5) 
T3 (MRF-) 980 (34.9) 419 (33.1) 561 (36.3) 551 (36.7) 10 (22.7) 
T3 (MRF + ) 586 (20.8) 257 (20.3) 329 (21.3) 318 (21.2) 11 (25.0) 
T4 269 (9.6) 118 (9.3) 151 (9.8) 140 (9.3) 11 (25.0) 
Tx 35 (1.2) 18 (1.4) 17 (1.1) 17 (1.1) 0 (0.0) 
Clinical N category 
N0 

1319 (45.9) 629 (48.9) 690 (43.5) .004 673 (43.7) 17 (37.8) .666 

N1 856 (29.8) 383 (29.8) 473 (29.8) 459 (29.8) 13 (31.1) 
N2 681 (23.7) 267 (20.8) 414 (26.1) 400 (26.0) 13 (31.1) 
Nx 16 (0.6) 7 (0.5) 9 (0.6) 9 (0.6) 0 (0.0) 
Synchronous 
metastases b 

208 (6.9) 82 (6.1) 126 (7.7) .084 125 (7.8) 1 (2.2) .254 

Neoadjuvant therapy 
none 

1214 (43.6) 624 (46.0) 683 (41.5) .002 668 (41.8) 15 (32.6) .167 

5 × 5 short interval 418 (15.3) 181 (13.3) 279 (17.0) 273 (17.1) 6 (13.0) 
5 × 5 long interval 280 (10.0) 151 (11.1) 148 (9.0) 145 (9.1) 3 (6.5) 
CRT 878 (31.2) 400 (29.5) 535 (32.5) 513 (32.1) 22 (47.8) 
Surgical procedure 
LAR 

1707 (56.9) 692 (51.0) 1015 (61.7) < .001 998 (62.4) 17 (37.0) < .001 

APR 693 (23.1) 311 (22.9) 382 (23.2) 366 (22.9) 16 (34.8) 
HP 384 (12.8) 235 (17.3) 149 (9.1) 143 (8.9) 6 (13.0) 
Local excision 200 (6.7) 113 (8.3) 87 (5.3) 84 (5.3) 3 (6.5) 
Proctocolectomy 15 (0.5) 5 (0.4) 10 (0.6) 7 (0.4) 3 (6.5) 
Total exenteration 2 (0.1) 0 (0.0) 2 (0.1) 1 (0.1) 1 (2.2) 
Surgical technique 
open 

496 (17.7) 200 (16.1) 296 (19.0) .045 281 (18.5) 15 (34.9) .007 

Minimally invasive 2305 (82.3) 1043 (83.9) 1262 (81.0) 1234 (81.5) 28 (65.1) 
Pelvic sepsis 374 (14.5) 155 (12.5) 247 (16.1) .008 246 (16.3) 2 (5.1) .060 
Deviating ostomy c 894 (52.3) 343 (51.1) 540 (53.2) .389 528 (52.9) 12 (70.6) .147 
Margin status R0 2776 (93.7) 1252 (93.9) 1524 (93.6) .788 1482 (92.7) 42 (91.3) .532 

( continued on next page ) 
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Table 1 ( continued ) 

Variable Whole 
Cohort 

(n = 3001) 

Undetermined 
MMR 

(n = 1356, 
45.2%) 

Determined 
MMR 

(n = 1645, 
54.8%) 

P - 
Value 

pMMR 

(n = 1599, 
97.2%) 

dMMR 

(n = 46, 
2.8%) 

P - 
Value 

n (%) n (%) n (%) n (%) n (%) 
R1 186 (6.3) 82 (6.1) 104 (6.4) 100 (6.3) 4 (8.7) 
(y)p T category T0 224 (7.5) 133 (9.8) 91 (5.5) < .001 85 (5.3) 6 (13.0) .183 
T1 483 (16.1) 244 (18.0) 239 (14.5) 231 (14.4) 8 (17.4) 
T2 905 (30.2) 409 (30.2) 496 (30.2) 486 (30.4) 10 (21.7) 
T3 1267 (42.2) 525 (38.7) 742 (45.1) 722 (45.2) 20 (43.5) 
T4 119 (4.0) 44 (3.2) 75 (4.6) 73 (4.6) 2 (4.3) 
Tx 3 (0.1) 1 (0.1) 2 (0.1) 2 (0.1) 0 (0.0) 
(y)p N category N0 1848 (66.0) 851 (68.5) 997 (64.0) .011 961 (63.4) 36 (83.7) .019 
N1 653 (23.3) 282 (22.7) 371 (23.8) 365 (24.1) 6 (14.0) 
N2 297 (10.6) 110 (8.8) 187 (12.0) 186 (12.3) 1 (2.3) 
Nx 3 (0.1) 0 (0.0) 3 (0.2) 3 (0.2) 0 (0.0) 
Adjuvant therapy < .001 .904 
None 2919 (97.3) 1338 (98.7) 1581 (97.3) 1536 (96.1) 45 (97.8) 
Radiotherapy 13 (0.4) 2 (0.1) 11 (0.7) 11 (0.7) 0 (0.0) 
Chemotherapy 63 (2.1) 15 (1.1) 48 (2.9) 47 (2.9) 1 (2.2) 
Chemotherapy and 
radiotherapy 

6 (0.2) 1 (0.1) 5 (0.3) 5 (0.3) 0 (0.0) 

Table of baseline, surgical and pathological tumor characteristics of the cohort and stratified by MMR-status. 
a P = .499. 
b < 3 months of surgery. 
c As a percentage of those who underwent a LAR. 
Missing values can be found in Appendix 1. 
Abbreviations: APR = abdominoperineal resection; ARJ = anorectal junction; ASA = American Society of Anesthesiologists Physical Status; BCC = basal cell carcinoma; BMI = body mass index; 
CRT = chemoradiotherapy; HP = Hartmann’s procedure; LAR = lower anterior resection; MRF = mesorectal fascia. 
Bold values indicate a p-value < .05. 

Table 2 Response After Neoadjuvant Therapy 

Undetermined pMMR dMMR P -Value dMMR vs. pMMR 

Clinical response on 
restaging MRIa 

n = 458 n = 572 n = 20 .876 

Progressive disease 4 (0.8) 7 (1.2) 0 
Stable disease 22 (4.8) 32 (5.6) 1 (5.0) 
Partial or complete response 432 (94.3) 533 (93.2) 19 (95.0) 
Pathological response n = 548 n = 657 n = 25 .039 

No/partial response 447 (81.6) 591 (90.0) 19 (76.0) 
Complete response 101 (18.4) 66 (10.0) 6 (24.0) 

a Clinical response on restaging MRI as indicated by the radiologist in the radiological report. 
Bold values indicate a p-value < .05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the undetermined group, might result from IHC/MSS analysis
sometimes being performed on the TME-specimen, which is not
possible for those who have achieved pCR. Although the 2015
hereditary colorectal cancer guideline recommends analysis to be
performed on biopsies, 21 it unknown for our cohort whether MMR-
status was determined on biopsies, resection specimens or on metas-
tases. 

Baseline differences between dMMR and pMMR rectal cancers
are less easily explained. While the dMMR rate in females only
slightly surpasses that in males, this finding is novel for rectal
cancer patients. Literature suggests a protective role of estrogen
Please cite this article as: Eline G.M. van Geffen et al, Incidence and Outcome
2016: A Nationwide Cohort From The Netherlands, Clinical Colorectal Cancer
in dMMR colorectal cancer occurrence, with an increased risk
postmenopause. 22 In this cohort, based on the mean age of 60
years, most women are likely to be postmenopausal, which might
contribute to this finding. 23 However, this effect is mainly related
to hypermethylated sessile serrated lesions, uncommon in rectal
cancer. 24 The retrospective nature of this study limits conclusions to
a small association between dMMR rectal cancer and sex, prompt-
ing larger studies investigating the role of estrogens and hyper-
methylated lesions in dMMR rectal cancer to gain insights into
possible causal pathways. dMMR, associated with Lynch syndrome,
aligns with hereditary cancer marked by tumor multiplicity. 25 , 26 
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Figure 1 Flowchart of patient selection. 
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This study reinforces findings with more tumors on colonoscopy in
the dMMR group. Interestingly, dMMR tumors tend to be located
closer to the ARJ on MRI compared to pMMR tumors, unlike
dMMR colon cancer, which are more often located in the proxi-
mal part of the colon. 27 , 28 While the type of surgical procedure was
not standardized across participating centers, a higher APR need for
dMMR tumors supports this finding. These location-related differ-
ences of dMMR rectal cancers have not been previously described. 

While lacking central MRI review, using data based on radiol-
ogy reports, this study found a similar radiological response after
neoadjuvant (C)RT on restaging MRI, while a pCR was observed
more often in dMMR tumors. Existing literature is inconclusive,
while a study based on a nationwide American database showed a
nical Colorectal Cancer 2024 
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reduction in pCR in locally advanced dMMR rectal cancer (5.9%
vs. 8.9% for pMMR) after treatment with CRT, 12 and Swets et al.
reported a trend towards a more favorable response in the pMMR
group, 13 a study by Charara et al. showed increased response rates
in dMMR tumors, 14 and a meta-analysis by O’Connel found no
differences between both subtypes. 15 A possible explanation for the
higher pCR rate observed in the dMMR group might be the inter-
action between neoadjuvant radiotherapy and the tumor’s impaired
DNA repair mechanisms. The deficient DNA repair in dMMR
tumors, combined with their higher tumor mutational burden and
increased neoantigen load, results in a more immunogenic tumor
microenvironment .29 Along with the tumor’s reduced capacity to
repair radiotherapy-induced DNA damage, the increased immune
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Figure 2 (A-D) Oncological outcomes for dMMR and pMMR rectal cancer. (A) Local recurrence (LR) rate of pMMR and dMMR 

tumors (4-y LR 9.6% vs. 4.7%, P = .280), undetermined 6.0%. (B) Distant metastasis (DM) rate of pMMR and dMMR 

tumors (4-y DM 23.9% vs. 19.3%, P = .454), undetermined 17.2%. (C) Cumulative cancer-specific survival of pMMR 

and dMMR tumors (4-y cancer-related survival 89.3% vs. 86.5%, P = .996), undetermined 89.0%, (D) Overall survival 
rate of pMMR and dMMR tumors (4-y OS 85.5% vs. 82 ·2%, P = .990), undetermined 79.1%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

activity leads to more effective tumor cell destruction and increased
apoptosis in response to radiotherapy .30 

However, potential selection bias might have also contributed
to the higher pCR rate in the dMMR group, as those with clini-
cal (near) complete response treated in a watch-and-wait protocol
were not registered in the DCRA and thus not included. While
the numbers of dMMR tumors in the watch-and-wait protocol are
unknown, this treatment strategy was not yet common practice in
the Netherlands in 2016. A misbalance in neoadjuvant treatment
because of higher local staging in the dMMR group may have also
affected these results. Moreover, pre-operative RT induces loss of
MSH-6 expression in 20% of colorectal tumors, 31 which might
have had a small effect on outcomes. In spite of these limitations,
dMMR rectal tumors respond at least similarly to the standard neo-
adjuvant treatment regimens as their pMMR counterparts, and are
associated with a slight, nonsignificant, decrease in LR-rate (4.7%
vs. 9.6%). Further analyses correcting for more advanced staging,
type and timing of neoadjuvant therapy might contribute to further
Please cite this article as: Eline G.M. van Geffen et al, Incidence and Outcome
2016: A Nationwide Cohort From The Netherlands, Clinical Colorectal Cancer
understanding, but cannot be obtained from the current study due
to the low number of dMMR tumors. 

This study could, at least partly, validate the hypothesis that
dMMR and pMMR rectal cancers are 2 different entities as they
have different baseline characteristics. Despite this, oncological
outcomes for dMMR and pMMR rectal cancers were similar,
aligning with Swets et al. 13 meta-analysis. Despite the limitation
of the low number of dMMR patients, increasing the sample
size is not expected to result in clinically relevant differences in
oncological outcomes. To our knowledge, this study represents the
largest database assessing incidence alongside long-term oncological
outcomes in rectal cancer patients. However, future studies could
focus on analyzing trends over time in patients with dMMR. 

Although this study is the first population-based cohort to
describe MMR-status in 3001 rectal cancer patients, only 46
dMMR rectal cancer cases were identified. Caution is needed
interpreting the abovementioned results due to this low number
of dMMR tumors. Furthermore, analyses lack correction for
Clinical Colorectal Cancer 2024 7 
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8 Cli
confounders, such as advanced cT/N-stage. Recurrence patterns
could not be investigated due to low numbers of dMMR tumors,
as well as limited information about location of recurrent distant
disease. Moreover, this cohort does not fully represent rectal cancer
in the Netherlands which might have led to a selection bias, as surgi-
cal resection is performed in approximately 70% of all patients, 32

while others are treated with endoscopic resection, watch and wait,
or palliative care. This study is also limited regarding detailed infor-
mation on MMR-status, including specimen type (biopsies or surgi-
cal resection specimen), staining method (IHC or MSS testing) or
the cause of MMR deficiency. 

New developments for dMMR tumors involve immunotherapy
with good clinical response, with a high rate of clinical complete
response and organ preservation. 16 , 17 Following SoC neoadjuvant
therapy, an increasing number of patients is being managed through
a watch-and-wait strategy. In cases of cCR after neoadjuvant
chemoradiotherapy, pathologic complete response (pCR) rates are
substantial (77%), and outcomes related to recurrence and survival
are favorable. 33-35 However, immunotherapy appears to be even
more effective, particularly in dMMR subtypes. In the NICHE-
study, 95% of the dMMR colon cancer achieved (near-) complete
response after only 5 weeks of treatment, including 67% pCR. 36

A study with 12 locally advanced rectal cancer patients treated
solely with immunotherapy (dostarlimab), reported complete clini-
cal response in all 12 patients, sparing them from surgical resec-
tion with no recurrences after 12 months of follow-up. 17 Conse-
quently, the U.S. Food and Drug Administration (FDA) granted
Fast Track designation for the treatment of dMMR locally advanced
rectal cancer, which has allowed GlaxoSmithKline (GSK) to initi-
ate a global, open-label, phase II clinical trial (AZUR-1) to validate
these findings in a multicenter cohort before implementation in
international guidelines. 37 

The tumor response after current neoadjuvant regimens of the
2.8% rectal cancer patients with a dMMR tumor will become less
imperative if neoadjuvant immunotherapy becomes standard of care
for these patients. Given the promising data with neoadjuvant anti-
PD-1 therapy, it is crucial to determine MMR-status in all rectal
cancer patients for potential enrollment in immunotherapy trials.
The shorter duration of treatment compared to (C)RT, possibly in
combination with surgical strategies, may be an alternative approach
for dMMR rectal tumors. 

Conclusion 

In this study, dMMR rectal cancer was associated with a higher
cT-stage and more distal location. Adequate response after neoadju-
vant therapy in dMMR tumors, and a greater likelihood of achiev-
ing pCR compared to pMMR tumors. Future results with anti-PD1
therapy for rectal cancer emphasize the importance of MMR-testing
in all rectal cancer patients. 

Clinical Practice Points 
 MMR deficiency (dMMR) results from genetic alterations, and

leads to distinct characteristics in colorectal cancer (CRC),
such as poor response to neoadjuvant chemotherapy. Moreover,
early-stage dMMR CRC is associated with favorable prognostic
outcomes, while advanced stage is associated with poor progno-
nical Colorectal Cancer 2024 
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sis. In rectal cancer, the focus lays on achieving organ preserva-
tion, and the role of MMR-status assessment for this purpose is
unknown. There is limited literature on dMMR rectal cancer and
there are contradictory results regarding response to neoadjuvant
(chemo)radiotherapy and oncological outcomes. Immunother-
apy has shown promising results in small dMMR rectal cancer
cohorts, potentially aiding organ preservation. In this evolv-
ing landscape, dMMR rectal cancer incidence, response to neo-
adjuvant therapies, and oncological outcomes were assessed. 

 In this national cohort study, patients with a determined MMR-
status, the incidence of dMMR rectal cancer was 2.8%. dMMR
tumors were more locally advanced and more distally located
compared to pMMR tumors. Although the radiological response
following neoadjuvant (chemo) radiotherapy was comparable,
there was a significantly higher pathological complete response
(pCR) for dMMR tumors compared to pMMR tumors (24.0%
vs. 10.0%, P = .039). The 4-year outcomes, including local
recurrence, distant metastases, cancer-specific survival, and overall
survival rates, showed no significant differences between patients
with dMMR and pMMR tumors. 

 The incidence of dMMR rectal cancer is low, but these tumors
exhibit a higher pCR compared to pMMR tumors after current
standard of care neoadjuvant chemoradiation therapy. This will
become less imperative if neoadjuvant immunotherapy becomes
an alternative approach for these patients, giving promising data
with neoadjuvant anti-PD-1 therapy. 
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 1599) dMMR (n = 46) Undetermined (n = 1356) 
n n 
1 53 
1 17 

 11 280 
1 13 

 3 142 
 3 143 

2 92 
1 70 
0 1 
3 113 
7 117 
0 22 
3 113 

ical Status; BCC = basal cell carcinoma; BMI = body mass index; dMMR = deficient mismatch-repair; 
-repair; SD = standard deviation. 
Appendix 1. Missing Values 

Supplementary Table 1 

Missing values of baseline characteristics pMMR (n =
Variable n 
Mean BMI (SD) 9 
ASA-classification 14 
Previous malignancy (excl BCC) 586
No. of primary tumors (colonoscopy) 12 
Distance to the ARJ in cm on primary MRI (SD) 123
Location related to the sigmoid take off 122
Clinical T-stage (MRF ±) 96 
Clinical N-stage 2 
Clinical M-stage 0 
Surgical technique 84 
Pelvic sepsis 94 
Margin status 17 
(y)p N-stage 84 

Abbreviations: ARJ = anorectal junction; ASA = American Society of Anesthesiologists Phys
MRF = mesorectal fascia; MRI = magnetic resonance imaging ; pMMR = proficient mismatch
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