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A B S T R A C T   

In 5% of metastatic colorectal cancer (mCRC) patients, tumours display a deficient mismatch repair (dMMR) 
system. Immunotherapy is beneficial in dMMR mCRC patients and has recently been approved by the Food and 
Drug Administration for patients with unresectable or metastatic dMMR CRC. Although dMMR and proficient 
MMR (pMMR) CRC tumours are biologically distinct, they are commonly treated with the same chemotherapy 
and monoclonal antibodies. This includes dMMR mCRC patients who did not respond to immunotherapy 
(20–30%). However, it is unclear if these treatments are equally beneficial in dMMR mCRC. Of note, dMMR 
mCRC patients have a worse prognosis compared to pMMR, which may in part be caused by a lower response to 
treatment. To avoid unnecessary exposure to ineffective treatments and their associated toxicity, it is important 
to identify which systemic treatments are most beneficial in dMMR mCRC patients, thus improving their 
outcome. Indeed, future treatment strategies are likely to involve combinations of immunotherapy, chemo-
therapy and monoclonal antibodies. In this evidence-based review, we summarize clinical trials reporting 
treatment efficacy of different types of chemotherapy and monoclonal antibodies in dMMR mCRC patients. We 
also review the biological rationale behind a potential differential benefit of chemotherapy with or without 
monoclonal antibodies in dMMR mCRC patients. A barrier in the interpretation of preclinical results is the choice 
of model systems. They largely comprise traditional models, including cell lines and xenografts, rather than more 
representative models, such as patient-derived organoids. We provide concrete recommendations for clinical 
investigators and fundamental researchers to accelerate research regarding which systemic therapy is most 
effective in dMMR mCRC patients.   

Introduction 

In 5% of metastatic colorectal cancer (mCRC) patients, tumours 
display a deficient mismatch repair (dMMR) system, resulting in accu-
mulation of point-mutations and a microsatellite instability (MSI) 
phenotype [1,2]. dMMR arises through hereditary or sporadic inacti-
vation of the mismatch repair (MMR) system, resulting in Lynch 

syndrome or sporadic dMMR CRC, respectively (Fig. 1) [2]. The ma-
jority of Lynch syndrome patients inherit a germline mutation in one of 
the MMR genes, while in sporadic dMMR patients, inactivation is most 
frequently through epigenetic silencing, but can also occur through so-
matic mutations or loss of heterozygosity in the MMR system [2-5]. 

In contrast to early stage CRC, studies have reported a worse survival 
in patients with dMMR mCRC compared to proficient mismatch repair 
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(pMMR) mCRC [1,6-8]. Accordingly, stage I – III dMMR CRC patients 
were less likely to have recurrent disease compared to pMMR CRC pa-
tients, however, if disease did recur, OS was worse for dMMR CRC pa-
tients compared to pMMR [9]. Likewise, dMMR mCRC population-based 
patients receiving treatment had a median overall survival (OS) of 16.0 
months compared to 23.6 months in pMMR [8]. In a population-based 
study, the response rate to first-line chemotherapy with or without 
monoclonal antibodies was lower in dMMR mCRC patients compared to 
pMMR mCRC patients (5% versus 44%, respectively) [7], suggesting 
that dMMR mCRC patients may benefit less from chemotherapy with or 
without monoclonal antibodies. This is supported by the recent 
KEYNOTE-177 results, where dMMR mCRC patients in the control arm 
(chemotherapy with/without targeted treatment) showed a lower 
response rate than expected in first-line mCRC patients of 33.1% and 
progression-free survival (PFS) of 8.2 months [10]. The worse prognosis 
in dMMR mCRC patients is likely driven by several factors, including 
BRAF mutational status [11,12], the ability to receive a metastatic 

resection [8,13-15] and other lesser known factors, such as the pro-
grammed cell death ligand 1 (PD-L1) gene expression level [16]. To 
avoid unnecessary exposure to ineffective treatments and their associ-
ated toxicity, it is important to identify which systemic treatments are 
most beneficial in dMMR mCRC patients, thus improving their outcome. 

Recent publications report durable responses to immunotherapy in 
dMMR mCRC patients across all lines of treatment [10,17-19]. Immu-
notherapy has been approved for dMMR patients with metastatic or 
unresectable CRC by regulatory authorities (including the Food and 
Drug Administration (FDA) and the European Medicines Agency 
(EMA)). Therefore, the standard of care is increasingly becoming 
immunotherapy. However, chemotherapy with or without monoclonal 
antibodies will still be relevant in patients with dMMR mCRC. In the first 
line KEYNOTE-177 trial 29.4% of patients in the pembrolizumab arm 
had primary progressive disease compared to 12.3% in the chemo-
therapy control arm [10]. For patients in whom rapid downstaging of 
disease is desired, e.g. to allow resection of disease or based on poor 

Fig. 1. Mechanisms of carcinogenesis for Lynch syndrome colorectal cancer (CRC) and sporadic deficient mismatch repair (dMMR) CRC.  
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prognostic features, first-line chemotherapy with monoclonal antibodies 
may still be preferrable over immunotherapy in selected cases to 
decrease the chance of having primary progression upon treatment. 
Furthermore, 12-month PFS rates ranged from 50 to 71% in the immune 
checkpoint inhibitor trials [10,18-20], with a significant portion of pa-
tients requiring an alternative treatment during the course of their dis-
ease. Finally, potentially a subgroup of dMMR mCRC patients may 
benefit from combination chemotherapy and monoclonal treatment 
with immunotherapy and it is important to find the most effective 
combination treatment. With the exception of immunotherapy, dMMR 
mCRC patients receive the same chemotherapy with or without mono-
clonal antibodies as other mCRC patients. Importantly, it is unclear if 
these treatments are equally beneficial in dMMR mCRC or if a specific 
type of chemotherapy or monoclonal antibody may offer increased 
benefit. Thus, we focused on chemotherapy and/or monoclonal anti-
bodies in this review since dMMR mCRC patients will still be treated 
with these agents either before or after immunotherapy, or in combi-
nation with receiving immunotherapy. 

A published meta-analysis from 2009 and international CRC guide-
lines do not provide clarity regarding the choice and efficacy of 
chemotherapy agents for dMMR mCRC [21,22]. Clinical trials are 
increasingly reporting MMR molecular analysis subgroup results, war-
ranting a new review of the literature. In this evidence-based review, we 
assess clinical trials reporting outcome of treatment in dMMR mCRC 
patients to different types of chemotherapy with or without monoclonal 
antibodies. Subsequently, to clarify the clinical findings, we summarize 
the biological rationale for a differential benefit of chemotherapy with 
or without monoclonal antibodies in dMMR mCRC patients. Finally, we 
provide recommendations for clinical investigators and researchers. 

Efficacy of systemic therapies in dMMR mCRC patients 

We performed a systematic literature search (up to April 2020) in the 

PubMed and Embase databases, which included mCRC clinical trials 
reporting response rates and/or survival outcomes for dMMR mCRC 
patients receiving a given treatment. Search terms, inclusion and 
exclusion criteria are presented with the search results in Fig. 2. We 
identified 11 trials which examined standard-of-care chemotherapy 
with or without monoclonal antibodies effectiveness in dMMR/MSI 
mCRC patients (ancillary studies [1,23-31] and original studies[32-41]). 
The study characteristics and treatments examined are described in 
Table 1. All identified studies included patients receiving first-line 
treatment, often with doublet chemotherapy (5-flourouracil [5-FU] 
and oxaliplatin or irinotecan) and targeted treatment (anti-epidermal 
growth factor (EGFR) or anti-vascular endothelial growth factor 
(VEGF)). Three studies also examined later treatment lines (first, second 
and third-line) [23,27,32,33,36]. Two studies examined the effect of 
different first-line maintenance treatments [25,31,34,41], however 
survival data for dMMR mCRC patients was not reported per type of 
maintenance treatment and thus could not be analyzed. Immunotherapy 
trials were excluded as they are not within the scope of this review. The 
reported treatment efficacy for the different systemic therapy agents are 
summarized per study (Table 2). We will first discuss the results for 
studies across multiple treatment lines, subsequently the results for the 
effectivity of irinotecan-containing treatments, oxaliplatin-containing 
treatments and lastly, targeted therapies. 

Studies across multiple treatment lines 

Three studies reported outcomes of multiple treatment lines 
[23,27,32,33,36]. We first assess the results of OS for the different 
treatment regimens (sequential versus combination regimens in the 
CAIRO and FOCUS studies and doublet versus triplet in the TRIBE2 
study), while later examining the PFS of different treatment types in the 
corresponding sections for each treatment. 

Fig. 2. PRISMA flow diagram.  
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Combination versus sequential treatment 

The CAIRO and FOCUS studies examined sequential versus combi-
nation treatment [23,27,36]. The CAIRO trial randomized patients be-
tween first-line capecitabine, second-line irinotecan and third-line 
capecitabine + oxaliplatin (CAPOX; sequential treatment arm) treat-
ment versus first-line capecitabine + irinotecan (CAPIRI), and second- 
line CAPOX (combination treatment arm) [36]. The FOCUS trial ran-
domized patients for 3 treatment arms: first-line 5-FU/capecitabine 
monotherapy and second-line irinotecan (arm A); first-line 5-FU/capeci-
tabine monotherapy and second-line combination chemotherapy con-
sisting of 5-FU with irinotecan or oxaliplatin (FOLFIRI or FOLFOX; arm 
B), or first- and second-line combination chemotherapy consisting of 
FOLFIRI or FOLFOX (arm C) [33]. 

In the CAIRO trial, OS was lower in dMMR mCRC patients treated 
with combination treatment compared to sequential treatment, however 
with a low number of patients per group and large survival confidence 
intervals (6.2 months, 3.6–31.3, n = 8 versus 12.7 months, 7.4–22.2, n 
= 7) [27,36]. However, in the FOCUS trial, there was a non-significant 
trend to longer OS in dMMR mCRC patients receiving combination 

treatment versus sequential treatment (HR 0.66, 95%C.I. 0.37–1.17, n =
58) [23,33]. In pMMR mCRC patients, OS was similar with combination 
and sequential treatment (HR 0.94, 95%C.I. 0.83–1.00, n = 1252) 
[23,33]. With contrasting non-significant results and a low number of 
dMMR patients per study, no firm conclusions can be drawn regarding 
the benefit of combination versus sequential treatment. Upfront com-
bination treatment regimens may be beneficial rather than sequential 
treatments, since the response rates of dMMR mCRC patients to tradi-
tional chemotherapy and targeted treatment are low and thus patients 
may not be able to receive later-line treatments. 

Doublet versus triplet treatment 

In the TRIBE2 trial, patients were randomized for first-line doublet 
versus triplet treatment with first-line FOLFOX-bevacizumab and 5-FU- 
bevacizumab (5-FU-B) maintenance followed by second-line FOLFIRI- 
bevacizumab in the doublet arm versus first-line 5-FU, oxaliplatin, iri-
notecan + bevacizumab (FOLFOXIRI-B) and 5-FU-B maintenance fol-
lowed by second-line reintroduction FOLFOXIRI-B in the triplet arm 
[32]. This study showed no benefit of triplet compared to doublet 

Table 1 
Description of included clinical studies in evidence-based review.  

Author Study Design mCRC 
(n) 

dMMR 
(n) 

pMMR 
(n) 

Method MMR/MSI Intervention 

Braun 
[23] 2008 

Phase III RCT (FOCUS [33]) 1313 58 1252 IHC (MLH1, MSH2) 5-FU, FOLFOX, FOLFIRI; sequential 
versus combination 
A) 1st line 5-FU, 2nd line irinotecan; 
B) 1st line 5-FU, 2nd line FOLFIRI or 
FOLFOX; 
C) 1st line FOLFIRI or FOLFOX. 

Chua 
[24] 2009 

Phase II trials (3 studies [42- 
44]) 

118 2 116 PCR-based (BAT-26) 1st line FOLFOX 

Cremolini 
[32] 2020 

Phase III RCT (TRIBE2 [32]) 679 26 528 IHC (MLH1, PMS2, MSH2, MSH6) A) 1st line FOLFOX-B (8 cycles) then 5- 
FU-B maintenance, 2nd line FOLFIRI-B  

B) 1st line FOLFOXIRI-B (8 cycles) 
then 5-FU-B maintenance, 2nd line 
FOLFOXIRI-B 

Goey 
[25] 2017 

Phase III RCT (CAIRO3 [34]) 558 4 275 IHC (MLH1, PMS2, MSH2, MSH6) 1st line CAPOX-B +/- CAP-B 
maintenance, reintroduction CAPOX-B 
upon progression 

Innocenti 
[26] 2019 

Phase III RCT (CALGB [35]) 1585 52 755 PCR-based (Bethesda panel) 1st line FOLFOX or FOLFIRI plus 
bevacizumab, cetuximab or both. 

Koopman 
[27] 2009 

Phase III RCT (CAIRO [36]) 515 18 497 1) All: IHC (MLH1, MSH2, PMS2, MSH6); 2) if 
uninterpretable IHC or negative staining ≥ 1 protein, 
PCR-based (BAT-25, BAT-26); 3) if ≥ 1 instable, 
extended PCR (BAT-40, D2S123, D5S346, D17S250). 

Sequential: 1st line capecitabine 
(2nd line irinotecan, 3rd line CAPOX)  

Combination: 1st line CAPIRI 
(2nd line CAPOX) 

Nopel 
[28] 2014 

Phase III RCT (AIO [37]) 229 14 190 PCR-based (1st BAT-26, then if unstable full 5 
Bethesda panel); IHC (MLH1, MSH2, MSH6) 

1st line FOLFOX or CAPOX 

Smith 
[29] 2013 

Phase III RCT (COIN [38]) 2445 66 1499 PCR-based (BAT-25, BAT-26) 1st line CAPOX or FOLFOX 
A) continuous; 
B) continuous + cetuximab; 
C) intermittent (if no progression at 12- 
wk scan, then chemotherapy-free 
interval until progression, then re-start) 

Venderbosch 
[1] 2014 

Pooled analysis of 4 Phase III 
trials (CAIRO [36], CAIRO2  
[39], COIN [38], FOCUS  
[33]) 

3063 153 2910 See CAIRO [27], CAIRO2 (conform CAIRO), COIN  
[29], FOCUS [23]. 

1st line Type treatment: see original 
studies for CAIRO, COIN and FOCUS.  

CAIRO2: 1st line CAPOX-B versus 1st- 
line CAPOX-B with cetuximab 

Omrčen 
[30] 2019 

Phase II trial [40] 40 2 38 IHC (MLH1, MSH2, MSH6) 1st line Capecitabine + bevacizumab 
(elderly patients, age ≥ 70 years) 

Morano 
[31] 2019 

Phase II, randomized, open- 
label trial (Valentino [41]) 

199 5 194 PCR-based (BAT-25, BAT-26, 
NR-21, NR-24, MONO-27) 

1st line Induction FOLFOX +
panitumumab with maintenance 
panitumumab (Arm A) or 5-FU +
panitumumab (Arm B) 

Abbreviations: 5-flourouracil (5-FU), 5-fluorouracil + irinotecan (FOLFIRI), 5-fluorouracil + irinotecan + bevacizumab (FOLFIRI-B), 5-flourouracil + oxaliplatin 
(FOLFOX), 5-flourouracil + oxaliplatin + bevacizumab (FOLFOX-B), 5-fluorouracil + oxaliplatin + irinotecan + bevacizumab (FOLFOXIRI-B), capecitabine + bev-
acizumab (CAP-B), capecitabine + irinotecan (CAPIRI), capecitabine + oxaliplatin + bevacizumab (CAPOX-B), deficient mismatch repair (dMMR), immunohisto-
chemistry (IHC), metastatic colorectal cancer (mCRC), microsatellite instability (MSI), mismatch repair (MMR), polymerase chain reaction (PCR), proficient mismatch 
repair (pMMR). 1st or 2nd refer to first or second-line systemic therapy. Trial and protein abbreviations are not elaborated. 
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Table 2 
Results with treatment efficacy for PFS, OS and response rate, for different systemic therapy agents, per study.  

Article Treatment Overall Survival (OS) Progression-free survival (PFS) Response rate Hazard Ratio 
(HR)    

dMMR pMMR dMMR pMMR dMMR pMMR dMMR pMMR 

Braun [23] 
2008 

Arm A: 1st line 
5-FU, 2nd line 
irinotecan; 
Arm B: 1st line 
5-FU, 2nd line 
FOLFIRI or 
FOLFOX; 
Arm C: 1st line 
FOLFIRI or 
FOLFOX.    

PFS for 1st line 
(n = 58): 
5-FU HR PFS 
1.00 
FOLFIRI HR 
PFS 0.93 
(0.45–1.91) 
FOLFOX HR 
PFS 0.68 
(0.35–1.31) 
OS (n = 58): 
Sequential HR 
OS 1.00 
Combination 
HR OS 0.66 
(0.37–1.17) 

PFS for 1st 
line(n =
1252): 
5-FU HR PFS 
1.00 
FOLFIRI HR 
PFS 0.76 
(0.65–0.89) 
FOLFOX HR 
PFS 0.72 
(0.62–0.84) 
OS (n =
1262): 
Sequential HR 
OS 1.00 
Combination 
HR OS 0.94 
(0.83–1.00) 

Koopman  
[27] 
2009 

Sequential: 1st 
line 
capecitabine 
(2nd line 
irinotecan, 3rd 
line CAPOX) 

12.7 months 
(7.4–22.2, p =
0.47, n = 7) 

17.2 months 
(14.7–18.8, n 
= 230) 

4.2 months 
(2.2–10.6, p =
0.72, n = 7) 

5.8 months 
(4.9–6.3, n =
247) 

ORR 25% (2/ 
8) (3–65, p =
0.57) 
DCR 50% (4/ 
8) (16–84, p 
= 0.09) 

ORR 17% 
(41/239) 
(13–23) 
DCR 76% 
(182/239) 
(70–81)   

Combination: 
1st line 
CAPIRI 
(2nd line 
CAPOX) 

6.2 months 
(3.6–31.3, n =
8, p = 0.58) 

18.3 months 
(16.2–20.6, n 
= 210) 

4.0 months 
(2.3–6.5, p =
0.02, n = 10) 

8.3 months 
(7.6–8.7, n =
243) 

ORR 25% (2/ 
8) (3–65%, p 
= 0.30) 
DCR 63% (5/ 
8) (25–92, p 
= 0.048). 

ORR 46% 
(98/214) 
(39–53%). 
DCR 90% 
(193/214) 
(85–93).   

Cremolini  
[32] 2020 

Doublet: 1st 
line FOLFOX- 
B + 5-FU-B 
maintenance, 
2nd line 
FOLFIRI-B 
Triplet: 1st line 
FOLFOXIRI-B 
+ 5-FU-B 
maintenance, 
2nd line 
FOLFOXIRI-B       

PFS (doublet 
versus triplet) 
(n = 26): 
FOLFOXIRI-B 
HR PFS1 0.97 
(0.39–2.38, p 
for interaction 
= 0.410); 
HR PFS2 1.11 
(0.44–2.81, p 
for interaction 
= 0.319) 
OS doublet 
versus triplet: 
FOLFOXIRI-B 
HR 1.28 
(0.45–3.63, p 
for interaction 
= 0.330) 

PFS (doublet 
versus 
triplet) (n =
528): 
FOLFOXIRI-B 
HR PFS1 0.66 
(0.55–0.79); 
HR PFS2 0.68 
(0.57–0.83) 
OS doublet 
versus 
triplet: 
FOLFOXIRI-B 
HR 0.73 
(0.60–0.90) 

Chua [24] 
2009 

1st line 
FOLFOX   

ORR 
50% (1/2), 
OR 0.79 
(0.05–12.97, 
n = 2) 

ORR 
OR 1.00 
(p = 0.09, 
n = 114) 

(n = 2)  
HR OS 0.40 
(0.06–2.92, p 
= 0.4). 
HR PFS 0.36 
(0.05–2.62, p 
= 0.3) 

(n = 114) 
Reference 

Goey [25] 
2017 

1st line 
CAPOX-B 
(CAIRO3) 

13.6 months 
(9.5–17.7, n =
4). 

21.4 months 
(19.1–23.7, p 
= 0.040, n =
275). 

PFS1 2.1 
months 
(0.0–11.6, n =
4). 
PFS2 8.0 
months 
(0.0–17.4, n =
4).  

PFS1 5.7 
months 
(4.9–6.6, p =
0.748, n =
275). 
PFS2 10.7 
months 
(9.4–12.0, p =
0.268, n =
275).     

Nopel [28] 
2015 

1st line 
CAPOX/ 
FOLFOX 

24 months 
(95%CI 
19.1–29.5, n =
14). 

17.5 months 
(95%CI 
15.5–19.7, p 
= 0.228, n =
190). 

4.5 months 
(95%CI 
1.8–7.2, n =
14). 

7.5 months 
(95%CI 
6.7–8.4, p =
0.431, n =
190). 

ORR 50% (7/ 
14)  

DCR 64.3% 
(9/14) 

ORR 
56.3% 
(107/ 
190), p =
0.782. 
DCR   

(continued on next page) 
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Table 2 (continued ) 

Article Treatment Overall Survival (OS) Progression-free survival (PFS) Response rate Hazard Ratio 
(HR)    

dMMR pMMR dMMR pMMR dMMR pMMR dMMR pMMR 

85.3% 
(162/ 
190), p =
0.055. 

Smith [29] 
2013 

1st line 
COIN 
CAPOX/ 
FOLFOX +/- 
Cetux 

For any type 
chemotherapy: 
HR 1.27 (95% 
CI 0.65–2.45; p 
= 0.49, n =
45).  

Cetuximab, 
any type 
chemotherapy: 
HR 1.26 (95% 
CI 0.68–2.34; 
p = 0.47, n =
45); 
BRAF-wt HR 
0.98 
(0.49–1.95; p 
= 0.95, n =
36). 

Cetuximab, 
any type 
chemotherapy: 
HR 0.98 
(0.86–1.12; p 
= 0.80, n =
977).  

Adjusted HR 
(for somatic 
mutation 
status, 
treatment arm, 
chemotherapy 
regimen) 
PFS HR 1.66 
(95% CI, 
1.21–2.27; p =
1.6 x10-3, n =
66). 
BRAF-wt 
subgroup HR 
PFS 1.85 (95% 
CI, 1.31–2.61; 
p = 0.0005, n =
36), 
OS HR 1.60 
(95% CI 
1.14–2.24; p =
0.0066, n =
66); 
BRAF-wt 
subgroup OS 
HR 1.89 (95% 
CI, 1.30–2.76; 
p = 0.00085, n 
= 36). 

Reference. 

Cetuximab, for 
FOLFOX: 
HR 3.59 
(0.43–29.7; p 
= 0.24, n = 9); 
BRAF-wt HR 
1.89 
(0.21–17.3; p 
= 0.57, n = 7). 

Cetuximab, for 
FOLFOX: 
HR 0.83 
(0.66–1.04; p 
= 0.11, n =
337). 

Innocenti  
[26] 
2019 

1st line 
CALGB 
Bevacizumab 
Beva + Cetux 
Cetuximab 

Bevacizumab 
30.0 months 
(23.6-NE); 
Beva + Cetux 
21.5 months 
(16.4–41.1); 
Cetuximab OS 
11.9 months 
(10.3–24.6); p 
= 0.0014. 

Bevacizumab 
30.3 months 
(27.3–34.3) 
Beva + Cetux 
26.2 months 
(22.6–29.7) 
Cetuximab 
30.7 months 
(27.6–35.0); 
p = 0.2182 

Bevacizumab 
(n = 21) 9.3 
months 
(5.4–29.0); 
Beva + Cetux 
(n = 15) 7.7 
months 
(6.6–17.6); 
Cetuximab (n 
= 16) 5.4 
months 
(4.1–8.6). 

Bevacizumab 
(n = 285) 11.2 
months 
(10.3–12.5) 
Beva + Cetux 
(n = 189) 10.9 
months 
(9.8–12.8) 
Cetuximab (n 
= 301) 10.9 
months 
(9.5–12.8)  

Adjusted HR 
(see article). 
Cetuximab (n 
= 16) ref. 
Bevacizumab 
(n = 21) PFS 
HR 0.16 
(0.07–0.37), p 
< 0.001; 
Beva + Cetux 
(n = 15) PFS 
HR 0.44 
(0.20–0.99), p 
= 0.046. 
Bevacizumab 
OS HR 0.13 
(0.06–0.30), p 
< 0.001; 
Beva + Cetux 
OS HR 0.37 
(0.16–0.85), p 
= 0.018. 
MSI-H vs MSS 
PFS HR 1.02 
(0.71–1.47, p 
= 0.912). 
OS HR 0.87 
(0.60–1.28p =
0.491). 

Adjusted HR 
(see article). 
Cetuximab (n 
= 301) ref. 
Bevacizumab 
(n = 285) PFS 
HR 0.93 
(0.77–1.12, p 
= 0.439) 
Beva + Cetux 
(n = 189) PFS 
HR 0.98 
(0.80–1.21, p 
= 0.881) 
Bevacizumab 
OS HR 1.06 
(0.87–1.29, p 
= 0.539) 
Beva + Cetux 
OS HR 1.18 
(0.95–1.47, p 
= 0.134). 

Venderbosch  
[1] 
2014 

1st line 
CAIRO2 
(CAPOX-B +- 
Cetuximab) 

15.6 months 
(12.9–22.3, n 
= 29). 

22.0 
(20.3–24.1, n 
= 487). 

7.5 months 
(6.4–10.5, n =
29). 

10.5 months 
(9.6–11.4, n =
487).  

PFS HR 1.66 
(1.13–2.45); 
OS HR 1.60 
(1.07–2.40). 

Reference. 

Omrčen [30] 
2019 

1st line 
Capecitabine 
+

Bevacizumab 

BRAF-m (n =
2) 
6.9 months & 
13 months 
(each patient) 

Whole cohort 
20.5 months 
(range 
3.5–134, n =
40) 

Patient 1: 2.3 
months 

Whole cohort 
9.8 months 
(range 3.5 – 22, 
n = 40)    

Morano [31] 
2019 

1st line 
FOLFOX +
panitumumab 

BRAF-wt 2 
year OS-rate 
60.0% 

BRAF-wt 2 
year OS-rate 
62.9% 

BRAF-wt 4.1 
months (95% 

BRAF-wt 11.1 
months (95%  

HR PFS 3.03 
(95% C.I. 
1.24–7.42, p =

Reference. 

(continued on next page) 
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therapy in dMMR mCRC patients in terms of PFS1 (HR 0.97, 95%C.I. 
0.39–2.38, n = 26), PFS2 (HR 1.11, 95%C.I. 0.44–2.81) or OS (HR 1.28, 
95%C.I. 0.45–3.63) [32]. Whereas pMMR mCRC patients showed a clear 
benefit of triplet compared to doublet therapy in PFS1 (HR 0.66, 95%C.I. 
0.55–0.79), PFS2 (HR 0.68, 95%C.I. 0.57–0.83), and OS (HR 0.73, 95% 
C.I. 0.60–0.90, n = 528) [32]. Although no clear benefit for triplet versus 
doublet treatment in first-line setting can be seen for dMMR mCRC pa-
tients, the results reflect subgroup analysis with a low number of pa-
tients and thus may not have enough power to detect such a difference. 

Irinotecan-containing systemic therapy versus 5-FU monotherapy 

The CAIRO and FOCUS randomized studies also report PFS for 5-FU 
monotherapy versus irinotecan-containing systemic therapy in first-line 
setting in mCRC patients [23,27,33,36]. In the CAIRO trial, dMMR pa-
tients receiving capecitabine and irinotecan doublet therapy (CAPIRI) 
had a similar progression-free survival (PFS) and ORR as dMMR patients 
receiving mono capecitabine; PFS 4.0 months (95%C.I. 2.3–6.5, n = 10) 
versus 4.2 months (95%C.I. 2.2–10.6, n = 7), respectively [27]. As a 
reference, the PFS and ORR were higher in pMMR patients receiving 
CAPIRI compared to mono capecitabine; PFS 8.3 months (95%C.I. 
7.6–8.7, n = 243) versus 5.8 months (95%C.I. 4.9–6.3, n = 247), 
respectively [27]. The overall response rate (ORR) in dMMR mCRC 
patients receiving CAPIRI compared to mono capecitabine were also 
similar (25% in both treatment lines) [27]. Likewise, dMMR patients in 
the FOCUS trial receiving irinotecan-containing therapy, versus 5-FU/ 
capecitabine monotherapy, did not have a significantly different PFS 
with a hazard ratio (HR) of 0.93 (95%C.I. 0.45–1.91) [23]. In the FOCUS 
trial, the HR for PFS was non-significantly lower for oxaliplatin- 
containing therapy (HR 0.68, 95%C.I. 0.35–1.31) compared to 5-FU 
monotherapy in dMMR patients [23]. There was a trend to a better 
PFS in pMMR patients receiving irinotecan-containing therapy versus 5- 
FU/capecitabine; HR 0.76 (95%C.I. 0.65–0.89) [23]. 

Thus, the FOCUS and CAIRO trials report a similar PFS in dMMR 
patients receiving 5-FU monotherapy compared to irinotecan doublet 
therapy, while pMMR patients have a trend to increased PFS upon iri-
notecan doublet therapy compared to 5-FU monotherapy. However this 
should be interpreted with caution due to small numbers and results 
being subgroup analysis. These results may suggest that 5-FU mono-
therapy may be better suited by offering similar survival benefit but less 
toxicity compared to irinotecan doublet therapy, however this should be 
validated prior to implementation, given the weak evidence. This is in 
contrast to the preclinical study results, summarized later in this review, 
which showed that dMMR CRC tumours are sensitive to irinotecan 
therapy. 

Oxaliplatin-containing systemic therapy 

Seven studies examined the efficacy of first-line oxaliplatin-con-
taining systemic treatment (5-FU and oxaliplatin [FOLFOX] or capeci-
tabine and oxaliplatin [CAPOX]) in dMMR mCRC patients (ancillary 
studies: [1,23-25,28,29] and original studies: [32-34,37-39,41-44]). The 
FOCUS trial was the only trial to examine treatment arms with and 
without oxaliplatin [23,33], while the CAIRO3 trial examined mainte-
nance treatment [25,34]. 

In the FOCUS trial, dMMR mCRC patients receiving FOLFOX had a 
trend to better PFS (HR 0.68, 95%C.I. 0.35–1.31) compared to patients 
receiving 5-FU or 5-FU and irinotecan doublet therapy (FOLFIRI) (HR 
0.93, 95%C.I. 0.45–1.91) [23]. In comparison, FOCUS pMMR patients 
had similar PFS with FOLFOX (HR 0.72, 95%C.I. 0.62–0.84) and FOL-
FIRI (HR 0.76, 95%C.I. 0.65–0.89) compared to 5-FU [23,33]. The 
remaining studies reported the efficacy of first-line oxaliplatin-con-
taining systemic therapy in dMMR mCRC patients, without a compari-
son arm [1,24,25,28]. The AIO trial reported a comparable ORR in 14 
dMMR patients compared to 190 pMMR patients (ORR 50% versus 
56.3%) receiving oxaliplatin doublet therapy [28]. Three studies 
[1,25,28] did not find a statistical difference in PFS for dMMR and 
pMMR mCRC patients receiving oxaliplatin doublet therapy, although 
the studies may not have been powered to detect a survival difference, 
considering the small group sizes. Of note, the PFS was shorter in dMMR 
mCRC versus pMMR mCRC patients across all three studies. In the AIO 
trial, the median PFS was 4.5 months (95%C.I. 1.8–7.2, n = 14) versus 
7.5 months (95%C.I. 6.7–8.4, n = 190, p = 0.431) respectively [28]. In 
the CAIRO2 trial, dMMR mCRC patients had a higher, but non- 
significant, risk for shorter PFS (HR 1.66 (95%C.I. 1.13–2.45), with an 
observed median PFS of 7.5 months (95%C.I. 6.4–10.5, n = 29) in dMMR 
mCRC patients compared to 10.5 months (95%C.I. 9.6–11.4, n = 407) in 
pMMR mCRC patients [1]. Lastly, the PFS1 in CAIRO3 patients was 
similar regardless of MMR status, with an observed PFS1 of 2.1 months 
(95%C.I. 0.0–11.6, n = 4) in dMMR mCRC patients versus PFS1 of 5.7 
months (95%C.I. 4.9–6.6, n = 275, p = 0.748) in pMMR mCRC patients 
[25]. The median OS ranged from 13.6 to 24.0 months (dMMR) versus 
17.5 to 22.0 months (pMMR), which was significantly different between 
dMMR and pMMR in the CAIRO3 trial, but not in the AIO trial [1,25,28]. 
Of note is the low percentage of dMMR mCRC patients in the CAIRO3 
trial (1%), lower than the expected 5% prevalence, potentially indi-
cating a patient selection due to poor treatment response as all CAIRO3 
patients were required to have at least stable disease after 6 cycles of 
induction CAPOX-B prior to inclusion [25]. 

Table 2 (continued ) 

Article Treatment Overall Survival (OS) Progression-free survival (PFS) Response rate Hazard Ratio 
(HR)    

dMMR pMMR dMMR pMMR dMMR pMMR dMMR pMMR 

(pan) with 
maintenance 
pan (Arm B) or 
5-FU + pan 
(Arm B) 

(29.3–100, n =
5) 

(56.0–70.6, n 
= 194) 

C.I. 4.0-NA, n 
= 5) 

C.I. 10.4–13.2, 
n = 194) 

0.015) 
HR 2-year OS 
rate 1.23 (95% 
C.I. 0.38–3.92, 
p = 0.732) 
Adjusted HR for 
PFS (see 
article): HR 
1.28 
(0.47–3.47, p 
= 0.626) 

Abbreviations: 5-flourouracil (5-FU), 5-fluorouracil + irinotecan (FOLFIRI), 5-fluorouracil + irinotecan + bevacizumab (FOLFIRI-B), 5-flourouracil + oxaliplatin 
(FOLFOX), 5-flourouracil + oxaliplatin + bevacizumab (FOLFOX-B), 5-fluorouracil + oxaliplatin + irinotecan + bevacizumab (FOLFOXIRI-B), bevacizumab (beva), 
BRAF mutant (BRAF-mt), BRAF wildtype (BRAF-wt), capecitabine + bevacizumab (CAP-B), capecitabine + irinotecan (CAPIRI), capecitabine + oxaliplatin + bev-
acizumab (CAPOX-B), cetuximab (cetux), deficient mismatch repair (dMMR), disease control rate (DCR), first progression-free survival (PFS1), microsatellite insta-
bility high (MSI-H), microsatellite stable (MSS), objective response rate (ORR), proficient mismatch repair (pMMR), second progression-free survival (PFS2). 1st refers 
to first-line systemic therapy. Trial abbreviations are not elaborated. 

E. Wensink et al.                                                                                                                                                                                                                                



Cancer Treatment Reviews 95 (2021) 102174

8

Targeted therapy (anti-EGFR and anti-VEGF) 

In mCRC patients, primary tumour location ‘sidedness’ and RAS- 
mutational status are predictive biomarkers for treatment response to 
anti-EGFR treatment, with a worse outcome for patients with a right- 
sided and/or RAS-mutant tumour [35,45,46]. The predictive value of 
BRAF-mutational status in mCRC patients receiving anti-EGFR is 
inconclusive. The BEACON trial indicates that combination treatment 
with anti-EGFR, MEK and BRAF inhibitors in later-line setting provides 
survival benefit, while other studies indicate that monotherapy anti- 
EGFR treatment in pre-treated patients should be avoided [47,48]. In 
analyzing the trial results for dMMR mCRC patients receiving anti-EGFR 
treatment, we also analyze available results for relevant prognostic 
subgroups. 

In the COIN, Valentino, CALGB, CAIRO3 trials and Omrčen et al. 
study, mCRC patients received first-line treatment containing chemo-
therapy with cetuximab or bevacizumab or combined cetuximab/bev-
acizumab treatment (ancillary studies: [25,26,29-31] and original trials: 
[34,35,38,40,41]). The CAIRO3 trial results (where all patients received 
oxaliplatin doublet and bevacizumab targeted treatment) is discussed in 
detail above. Given the low number of patients, we shall not discuss the 
Omrčen et al. study in detail [30,40]. 

COIN study patients received CAPOX or FOLFOX treatment and were 
randomized to receive cetuximab [29,38]. In 45 dMMR mCRC patients 
receiving CAPOX/FOLFOX with cetuximab, there was a trend towards 
worse PFS (HR 1.26, 95%C.I. 0.68–2.34, p = 0.47) compared to dMMR 
mCRC patients without cetuximab [29]. The trend was not present when 
analyzing the dMMR mCRC BRAF-wildtype subgroup (HR 0.98, 95%C.I. 
0.49–1.95, p = 0.95, n = 36) [29]. No subgroup data results are avail-
able regarding the effect of primary tumour sidedness or RAS-muta-
tional status in dMMR mCRC patients receiving cetuximab. In 
comparison, pMMR mCRC patients had similar PFS with or without 
cetuximab, including the pMMR / BRAF-wildtype subgroup [29]. The 
adjusted HR for PFS and OS, for somatic mutation status, treatment arm 
and chemotherapy regimen, were significantly worse in dMMR patients 
compared to pMMR patients; PFS HR 1.66 (95%C.I. 1.21–2.27, p =
0.0016) and OS HR 1.60 (95%C.I. 1.14–2.24, p = 0.0066) [29]. 

In the Valentino trial, BRAF/RAS wildtype mCRC patients were 
randomized between 5-FU and panitumumab maintenance treatment 
(arm A) and panitumumab (arm B), after induction first-line treatment 
consisting of FOLFOX plus panitumumab [31,41]. PFS was significantly 
lower (unadjusted HR 3.03, 95%C.I. 1.24–7.42, p = 0.015) in dMMR 
versus pMMR mCRC, with a median PFS of 4.1 months (95%C.I. 4.0-not 
reached, n = 5) versus 11.1 months (95%C.I. 10.4–13.2, n = 194) 
respectively [31]. The 2-year OS rate is lower in dMMR mCRC patients 
(60.0%, 95%C.I. 9.3–100) versus pMMR mCRC patients (62.9%, 95%C. 
I. 56.0–70.6) with an unadjusted HR of 1.23 (95%C.I. 0.38–3.92, p =
0.732) [31]. Of note, 40% (2/5) of the dMMR mCRC patients had mo-
lecular alterations associated with anti-EGFR primary resistance 
(PI3KCA exon 20 mutation and PTEN inactivating mutation) [31]. In 
multivariable analysis, dMMR status was not associated with PFS when 
adjusted for other clinical factors (HR 1.28, 95%C.I. 0.47–3.47, p =
0.626), however this might be limited by the low number (5) of dMMR 
patients in the trial [31]. Thus, the survival of dMMR mCRC patients 
receiving first-line panitumumab (with FOLFOX and maintenance 
treatment) is lower than in pMMR mCRC patients, but MMR status was 
not independently prognostic for survival during anti-EGFR treatment 
when adjusted for other clinical variables in the Valentino trial. 

Patients in the CALGB trial were randomized to receive bev-
acizumab, cetuximab or both in combination with first-line chemo-
therapy (FOLFOX or FOLFIRI) [26,35]. An adjusted HR for PFS and OS 
was calculated, adjusting for several factors, including primary tumour 
location (right versus transverse vs left-sidedness), BRAF and RAS 
mutational status [26]. CALGB patients with dMMR tumours receiving 
cetuximab versus bevacizumab had a significantly worse adjusted HR 
for PFS and OS, while pMMR patients showed comparable adjusted HR 

for PFS and OS in all treatment arms [26]. The adjusted HR for PFS in 
dMMR mCRC patients receiving bevacizumab, combined bevacizumab/ 
cetuximab and cetuximab was HR 0.16 (95%C.I. 0.07–0.37, n = 21, p <
0.001) versus HR 0.44 (95%C.I. 0.20–0.99, n = 15, p = 0.046) versus HR 
1.0 (n = 16), respectively [26]. The reported PFS in dMMR patients 
receiving chemotherapy + cetuximab is 5.4 months (4.1–8.6, n = 16) 
versus 9.3 months (5.4–29.0, n = 21) for chemotherapy + bevacizumab 
[26]. 

Biological rationale for differential sensitivity of dMMR and 
pMMR CRC tumours to systemic therapy 

Assessment of available models used in pre-clinical studies 

Preclinical studies have extensively examined the sensitivity, and 
mechanisms involved, of dMMR CRC to chemotherapy with or without 
monoclonal antibodies, as outlined in recent reviews [49-52]. An 
extensive literature review was provided in the recent reviews, as such, 
we briefly touch on the relevant findings below. These preclinical 
findings have not resulted in a clear benefit in clinical trials. A potential 
barrier to interpreting the available pre-clinical data is the choice of 
model systems used, which traditionally have included cell lines with a 
dMMR system [53-57] and xenograft models [52,54]. 

The use of dMMR CRC cell lines in preclinical studies has key limi-
tations. Cell lines are genetically unstable in vitro and acquire a more 
aggressive subclone through repeated passaging while culturing, thus no 
longer reflecting the heterogeneity of the original tumours [58]. The 
dMMR preclinical studies often chose cell lines with only one mutational 
type (e.g. hMLH1 deficient cell lines), not accurately reflecting the 
mutational landscape of dMMR CRC patients. Preclinical studies should 
comprise BRAF-wildtype and BRAF-mutant models (to reflect Lynch 
syndrome and sporadic dMMR patients), and where applicable, confirm 
results in epigenetically silenced hMLH1 models. Moreover, dMMR CRC 
cell lines should display genomic instability reflecting the genomic 
landscape of dMMR CRC tumours. Due to non-functional mismatch 
repair machinery, dMMR CRC tumours accumulate somatic mutations in 
specific oncogenes and tumour suppressor genes, including BRAF, 
MRE11A, KRAS, TGFβrII and IGF2R [59,60]. The choice of cell line can 
affect preclinical results, as was seen in irinotecan preclinical studies 
where cell lines without secondary MRE11A mutations had a different 
irinotecan sensitivity compared to MRE11A-mutant cell lines 
[50,57,61,62]. 

Recent studies have shown that immunotherapy can effectively 
produce anti-tumour immune responses in dMMR CRC tumours, high-
lighting the crucial role of the tumour microenvironment (TME) [17- 
19]. In addition to immunotherapy, the TME also affects the sensitivity 
of other treatments [63]. Thus, when studying dMMR mCRC sensitivity 
to treatment it is important to use models with TME components where 
possible. Patient-derived xenograft models, which have stromal com-
ponents, display intra-tumoral heterogeneity and long-term genomic 
stability. However, they are limited in clinical applicability since they 
require substantial patient tumour substrate, animal models and months 
to establish [64-66]. Humanized mouse models have been used to model 
PD-1 blockade using xenografts for non-colorectal cancers [67]. The 
models would lend well to preclinical dMMR CRC treatment studies, 
since the mice have a full human immune system as well as the engrafted 
xenograft. Patient-derived organoids (PDOs) may be a more accurate 
model for dMMR CRC, since organoids maintain intra-tumoral hetero-
geneity, have long-term phenotypical and genetical stability and can be 
easily propagated from patient tissues [68,69]. Organoids allow re-
searchers to perform library drug screens on dMMR mCRC PDOs, 
revealing the sensitivity of patients to different treatments in one 
experiment [70]. Co-cultures with TME components can be established 
using PDOs; moreover, these co-culture models have altered treatment 
sensitivity compared to PDOs alone [71,72]. Drug screen data derived 
from CRC PDOs is highly correlated to patient response in the clinic, 
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showing that organoids may be used to predict treatment response [73- 
75]. 

Key preclinical findings concerning altered sensitivity of dMMR 
CRC tumours to chemotherapy with or without monoclonal 
antibodies 

To clarify the clinical findings, we summarize the biological ratio-
nale for a differential benefit of chemotherapy with or without mono-
clonal antibodies in dMMR mCRC patients. Preclinical studies have 
examined the response to the main backbones of chemotherapy (5-FU, 
irinotecan and oxaliplatin) in dMMR CRC. Chemotoxicity induced by 5- 
FU treatment is thought to be partially mediated by the MMR pathway 
[76]. The hMutSα heterodimer, consisting of the MMR proteins hMSH6 
and hMSH2, binds and recognizes 5-FU-modified DNA [77]. Although 
not all studies agree [78], preclinical studies have demonstrated that 
dMMR CRC cell lines are at least 18-fold more resistant to 5-FU than 
pMMR cell lines, and that the resistance is reversed when the MMR 
deficiency is corrected [55,56,79]. Regarding topoisomerase inhibitor 
sensitivity, dMMR CRC tumours are thought to be more sensitive to 
irinotecan since these tumours often have a secondary frameshift mu-
tation in MRE11A, part of the double strand break repair (dsBR) complex 
[57,80,81]. CRC cell lines which were hMLH1-deficient, especially cell 
lines with MRE11A mutations, were more sensitive to irinotecan than 
pMMR cell lines, and accordingly, restoring hMLH1 induced resistance 
to irinotecan [57,61,62]. Other studies contradict the above results, 
possibly due to using dMMR cell lines without secondary mutations 
[50,53]. Thirdly, dMMR CRC cell lines are resistant to cisplatin and 
carboplatin, but not to oxaliplatin, when compared to pMMR CRC cell 
lines [54,78,82]. Oxaliplatin forms a 1,2-diaminocyclohexane ligand, 
which is not recognized by the MMR pathway when incorporated into 
DNA [83], thus dMMR CRC tumours do not have a different sensitivity 
to oxaliplatin compared to pMMR tumours [50]. Altogether, preclinical 
studies suggest that dMMR mCRC, compared to pMMR mCRC, may be 
more resistant to 5-FU, more sensitive to irinotecan, but not have an 
altered sensitivity to oxaliplatin. This in contrast to the trends observed 
in clinical studies, where 5-FU + irinotecan doublet therapy did not have 
an increased benefit over 5-FU monotherapy or oxaliplatin doublet 
treatment. 

Regarding the effectivity of targeted treatment, to our knowledge no 
studies have investigated the efficacy of anti-EGFR or anti-VEGF treat-
ment in preclinical dMMR CRC models. dMMR mCRC patients may be 
less sensitive to anti-EGFR treatment due to the higher prevalence of 
BRAF-mutations, increased right-sided primary tumour location and 
decreased EGFR ligand expression [84,85]. For anti-VEGF targeted 
treatment, contradictory hypotheses exist: mucinous dMMR CRC tu-
mours have decreased VEGF expression and decreased microvessel 
density, which would support lower sensitivity to anti-VEGF targeted 
treatment [86], however, the immunostimulatory effect associated with 
anti-VEGF treatment may potentiate the immunostimulatory environ-
ment in dMMR CRC tumours, improving sensitivity [87]. In clinical 
trials, there is a suggestion of better efficacy of bevacizumab targeted 
therapy in dMMR patients compared to cetuximab targeted therapy and 
of reduced benefit to cetuximab targeted therapy in general, which may 
be explained by the above mechanisms. 

Conclusions and future perspectives 

This evidence-based review cannot draw a definitive conclusion 
regarding the relative efficacy of different systemic therapy agents 
within dMMR mCRC patients, due to the low amount of clinical trials 
and low number of dMMR patients, despite an increasing number of 
trials reporting subgroup data for dMMR mCRC patients. We have 
identified three trends. These trends need to be confirmed by more 
studies prior to implementation of altered treatment strategies in clinical 
practice since there are too few trials available which support these 

results. Firstly, dMMR patients receiving 5-FU + irinotecan doublet 
therapy did not have an increased benefit over 5-FU monotherapy, 
suggesting that patients may not benefit from the addition of irinotecan 
[23,27]. Secondly, one study reported a trend to better efficacy of 
oxaliplatin-containing doublet treatment versus irinotecan or 5-FU 
monotherapy in dMMR mCRC patients, suggesting that dMMR mCRC 
may benefit more from oxaliplatin doublet therapy compared to irino-
tecan doublet or 5-FU monotherapy [23]. Lastly, there was a suggestion 
of better efficacy of bevacizumab targeted therapy in dMMR patients 
compared to cetuximab targeted therapy [26], and of no significant 
benefit in PFS of cetuximab (versus no targeted treatment) in BRAF- 
wildtype dMMR mCRC patients [29]. Despite our review, it is difficult to 
establish the exact predictive value of MMR for each treatment strategy 
considering the low numbers of patients and heterogeneous studies. 
Given the sparse clinical evidence supporting each trend, more studies 
are needed to confirm the findings prior to implementation in clinical 
practice. Likewise, no conclusion can be drawn about the effect of other 
relevant factors including sidedness and mutational status. 

The strength of this review lies in including all current available 
evidence, linking the results to preclinical studies and aiming to identify 
solutions to accelerate research on this topic. Our analysis was restricted 
by the quality of data available, which is limited by a low number of 
studies, small number of dMMR mCRC patients per treatment and het-
erogeneity in study designs. Furthermore, there may be a selection bias 
in the available evidence since we could only include studies where 
MMR status was known. As well, a time bias is likely, given that the 
prognostic value of MMR status in mCRC patients was not known prior 
to 2009 [27]. The majority of included studies were ancillary studies, 
based on subgroup analysis for which the trials were not powered, which 
limits the conclusions which can be drawn based on the studies alone. A 
meta-analysis of the data could provide clarity. However, due to the 
limited data available, a meta-analysis was impossible and we could not 
compare treatment results for dMMR mCRC subgroups (e.g. Lynch 
syndrome versus sporadic dMMR). The limited amount of available data 
affirms the urgent need for trials examining which systemic treatment is 
most beneficial in dMMR mCRC patients. 

Due to the low prevalence of dMMR in the metastatic CRC popula-
tion, available trials only identify a small number of dMMR mCRC pa-
tients. We advise clinical trial researchers and clinicians to publish 
molecular analysis results and deposit patient-level data in data re-
positories. This will enable meta-analyses, hopefully increasing our 
knowledge of the most effective treatment in dMMR mCRC patients. If 
relevant clinical parameters are shared, a comparison of relevant dMMR 
mCRC patient subgroups (e.g. Lynch syndrome) and adjustment of 
prognostic clinical parameters is possible. Furthermore, we advise cli-
nicians to test all mCRC patients for MMR status to guide treatment, but 
also to enable CRC patient registries to register population-based data 
for research, which is often more reflective of patients in the clinic than 
trials. Effective preclinical studies can help to confirm differential 
treatment sensitivity and to elucidate the molecular pathways involved 
in dMMR CRC. Compared to other preclinical models, patient-derived 
organoids can accelerate research regarding which systemic therapy is 
most effective in dMMR mCRC patients, as discussed previously. This 
technique is especially applicable to low prevalence diseases, such as 
dMMR mCRC, where patients are under-represented in clinical trials. 
Cumulatively, these efforts will help future research for dMMR mCRC 
sensitivity to treatment, as shown in Fig. 3. 

Despite advances in immune checkpoint inhibitor treatment, it is 
anticipated that dMMR mCRC patients will continue to receive chemo-
therapy with or without monoclonal antibodies during their treatment, 
prior to receiving immunotherapy, upon progression during immuno-
therapy or in combination with immunotherapy. One strategy to over-
come primary resistance to immunotherapy is to combine immune 
checkpoint inhibitors with chemotherapy and/or targeted treatment 
[88]. Chemotherapy can increase the efficacy of immunotherapy 
through promoting tumour antigen release, antigen presentation and 
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stimulating immune effectors, while certain targeted treatments 
decrease tumour characteristics which have been associated with 
decreased immunotherapy effectivity [88]. Several phase III trials of 
combination treatment with immunotherapy in dMMR CRC patients are 
ongoing, including the COMMIT trial (NCT02997228; first-line FOL-
FOX, bevacizumab with atezolizumab versus atezolizumab single agent 
treatment for mCRC patients), the A021502 trial (NCT02912559; 
chemotherapy combined with atezolizumab versus chemotherapy as 
adjuvant therapy) and the CheckMate-142 trial (NCT02060188; which 
includes an intervention arm with combination nivolumab + ipilimu-
mab and cobimetinib treatment). These and other ongoing studies will 
help clarify the role of chemotherapy and targeted treatment in 
increasing the efficacy of immunotherapy. 

The available evidence highlights differences in sensitivity to sys-
temic therapy in patients with dMMR versus pMMR mCRC. However, no 
definitive conclusion can be drawn regarding which chemotherapy with 
or without monoclonal antibodies is more effective in dMMR mCRC 
patients. A better understanding of which chemotherapy with or without 
monoclonal antibodies is most effective in dMMR mCRC patients is ur-
gently needed. Several strategies can help accelerate research into this 
field: using preclinical models which more accurately reflect dMMR CRC 
patients (e.g. PDOs comprising multiple molecular subgroups), pub-
lishing patient-level data to allow for meta-analyses and increased 
testing of MMR status in patients in daily clinical care to increase known 
dMMR mCRC patients in population registries. With these solutions, 
clinicians and researchers will hopefully be able to reveal how best to 
treat dMMR mCRC patients, improving their prognosis. 
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