Open access Original research

ESMDpen Prognostic implications of mismatch
repair deficiency in patients with
nonmetastatic colorectal and

Cancer Horizons

| '.) Check for updates |

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
esmoopen-2018-000474).

To cite: Fountzilas E, Kotoula V,
Pentheroudakis G, et al.
Prognostic implications of
mismatch repair deficiency in
patients with nonmetastatic
colorectal and endometrial
cancer. ESMO Open
2019;4:¢000474. doi:10.1136/
esmoopen-2018-000474

Received 19 November 2018
Revised 31 January 2019
Accepted 1 February 2019

© Author (s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. Published
by BMJ on behalf of the
European Society for Medical
Oncology.

For numbered affiliations see
end of article.

Correspondence to
Dr Elena Fountzilas; fountzila@
oncogenome.gr

endometrial cancer

Elena Fountzilas,” ' Vassiliki Kotoula,?*® George Pentheroudakis,”

Kyriaki Manousou,® Genovefa Polychronidou,® Eleni Vrettou,? Christos Poulios,?
Eirini Papadopoulou,” Georgia Raptou,? Eirini Pectasides,®®

Georgia Karayannopoulou,? Sofia Chrisafi,® Pavlos Papakostas, '

Thomas Makatsoris,'" loannis Varthalitis,'> Amanda Psyrri, '®

Epaminontas Samantas,'* Mattheos Bobos,® Christos Christodoulou,'®
Christos Papadimitriou,'® George Nasioulas,” Dimitrios Pectasides, '’

George Fountzilas™

ABSTRACT

Background The clinical relevance of mismatch repair
(MMR) status in patients with nonmetastatic cancer across
tumour types remains unclear. Our goal was to investigate
the prognostic role of MMR deficiency in patients with
stage I-lll colorectal and endometrial cancer.

Methods Patients with nonmetastatic colorectal and
endometrial cancer with tumour tissue available for
analysis were identified through the Hellenic Cooperative
Oncology Group (HeCOG)’s tumour repository. Patients

had been referred to Departments of Medical Oncology
affiliated with HeCOG. MMR protein expression was
evaluated by immunohistochemistry. The primary outcome
measure was overall survival (0S).

Results From May 1990 to September 2012, 1158
patients with nonmetastatic colorectal (N = 991) and
endometrial cancer (N = 167) were identified (median
age: 64 years, men: 544). All patients with colorectal and
109 (65%) with endometrial cancer had received adjuvant
treatment. MMR deficiency was observed in 114 (11.5%)
of colorectal and 80 (47.9%) of endometrial tumours. More
commonly deficient proteins were PMS2 (69 patients,

7%) and MLH1 (63 patients, 6.5%) in colorectal cancer
and MSH2 (58 patients, 34.7%) in endometrial cancer.
Colorectal MMR-deficient (dMMR) tumours were more
likely to be right sided (65 % dMMR vs 27 % proficient
MMR, pMMR; p < 0.001), high grade (31% vs 15%, %,

p < 0.001) and with a mucinous component (64% vs
42%, p < 0.001). Endometrial dMMR tumours were more
often of endometrioid histology (51.4 % endometrioid vs
20 % serous/clear cell, p = 0.020). Compared with MMR
proficiency, MMR deficiency was associated with improved
0S in patients with endometrial cancer (HR = 0.38, 95%Cl
0.20 t0 0.76, p = 0.006), but not in patients with colorectal
cancer (HR = 0.73,95%Cl 0.49 t0 1.09, p = 0.130).

After adjusting for age, stage and grade, MMR deficiency
maintained its favourable prognostic significance in
patients with endometrial cancer (HR = 0.42, 95% Cl 0.20
t0 0.88, p = 0.021).

Key questions

What is already known about this subject?

» Mismatch repair (MMR) status has several clinical
implications in cancer.

» MMR status has prognostic and predictive implica-
tions and can be used as a selection tool for MMR
genetic testing.

» Common tumour types that are MMR defi-
cient (dMMR) are endometrial and colorectal
adenocarcinomas.

What does this study add?

» In our study, dMMR endometrial tumours were more
likely to be low grade and of endometrioid histolo-
gy. MMR deficiency was more frequently associated
with MSH2 protein loss.

» MMR deficiency was associated with improved over-
all survival in women with endometrial carcinoma.

» In patients with colorectal cancer, the most com-
monly deficient proteins were PMS2 and MLH1.

» MMR status was not associated with prognosis in
patients with nonmetastatic colorectal cancer who
received adjuvant treatment.

How might this impact on clinical practice?

» We show the value of MMR status as a prognos-
tic biomarker in patients with endometrial cancer.
These data need to be validated in prospective
clinical trials in order to be incorporated into clinical
practice and aid patient stratification.

» MMR status might not maintain its prognostic sig-
nificance in high-risk patients with colorectal cancer
who received adjuvant treatment.

Conclusions DMMR was associated with improved
outcomes in patients with nonmetastatic endometrial
cancer, but not in patients with nonmetastatic colorectal
cancer who received adjuvant chemotherapy.
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INTRODUCTION

Mismatch repair (MMR) proteins are responsible for
excising DNA mismatches introduced by DNA poly-
merase during cell division, commonly occurring in
repetitive. DNA sequences (known as microsatellites).
Impairment of the MMR system leads to microsatellite
instability (MSI), which is characterised by accumulation
of mismatches in repeated sequences' leading to hyper-
mutated tumours.”® Defects in the MMR system can be
assessed using PCR-based assays testing for MSI, immu-
nohistochemical analysis of MMR protein expression,
including MLH1, MSH2, MSH6 and PMS2 proteins, or
more recently next-generation sequencing data analysis
detecting MSL.*®

Determination of MMR status in cancer has several
clinical implications. First, loss of expression of an MMR
protein may be associated with inherited germline defects
in the respective gene, leading to an inherited disorder,
known as Lynch syndrome.” MMR deficiency can be
used as a marker to select individuals to be tested for the
presence of a germline defect in MMR genes. Second,
MMR deficiency is being currently used as a biomarker,
predicting response to checkpoint inhibitors.”® Response
to these agents has been attributed to the increased
mutational load leading to increased neoantigen load
in MMR-deficient (AMMR) tumours.”" Recently, the
Food and Drug Administration (FDA) approved the first
site-agnostic treatment for 'MSI-high' or AMMR cancers. '
Additionally, several studies demonstrated that the MMR
status is predictive of benefit from chemotherapy.”” '*
Finally, MMR status has been shown to provide valuable
prognostic information, mainly in patients with colorectal
cancer."”

MMR deficiency has been observed within several
tumour types.”’ Tumour types more commonly found to
be dMMR are endometrial®* ** and colorectal adenocar-
cinomas.” *' ** The high prevalence of MMR deficiency
in colorectal and endometrial tumours in combination
with the significant clinical impact of MMR status to the
patient’s management underscores the importance of
universal screening for MMR deficiency.”?’

The aim of our study was to evaluate the proportion of
nonmetastatic colorectal and endometrial AMMR cancers
in Greek patients. Furthermore, we aimed to evaluate
the prognostic significance of MMR deficiency in these
patients.

METHODS

Patients

Patients with nonmetastatic (stage I-III) colorectal and
nonmetastatic (stage I-III) endometrial cancer avail-
able for analysis tissue block were identified through
the Hellenic Cooperative Oncology Group (HeCOG)’s
tumour repository. All patients had been referred to
Departments of Medical Oncology affiliated with HeCOG.
Patients with colorectal cancer had received adjuvant
chemotherapy at HeCOG-affiliated institutions.” ***

Patients with endometrial cancer had been treated at a
tertiary hospital, with surgery followed by adjuvant treat-
mentwhere appropriate, as previously described.” Patient
clinical demographics, tumour histopathological, treat-
ment and outcome data were retrieved from the HeCOG
electronic clinical database. Signed informed consent was
obtained from all patients for the use of their biological
material for research purposes. The translational protocol
was approved by the Institutional Review Boards of ‘Papa-
georgiou’ Hospital (1338/12 January 2015) and ‘Thermi’
Clinic (307/2 March 2016) for colorectal cancer and by
the Bioethics Committee of School of Health Sciences,
Aristotle University of Thessaloniki (5/6 July 2016) for
endometrial cancer.

Tissue samples

Formalin-fixed paraffin-embedded (FFPE) tissue samples
had been collected from patients with nonmetastatic
colorectal and endometrial cancer. Central tumour
histology review, tissue processing and immunopheno-
typing were performed at the Laboratory of Molecular
Oncology (Hellenic Foundation for Cancer Research/
Aristotle University of Thessaloniki). In-house low-den-
sity tissue microarrays (TMA) were constructed with a
manual arrayer (Beecher Instruments, Sun Prairie, WI,
USA) and included 2-4x1.5 mm cores from different
areas per tumour.

MMR immunohistochemistry

Expression of MMR proteins MLH1, PMS2, MSH2, and
MSH6 was evaluated by immunohistochemistry (IHC).
Intensity and percentage were recorded for each protein.
MMR protein expression was considered positive, if
21% positive nuclei with mild to strong intensity were
counted; negative, if internal controls (stromal cells
and lymphocytic infiltrates) were positive and tumour
cells were completely negative or exhibited any staining
<1%j; noninformative, if tumour cells were negative and
internal controls were negative. The latter may have
corresponded to biallelic loss of the respective protein,
which could not be addressed in the absence of genomic
data, or, in most cases, to assay failure. Tumours were clas-
sified as MMR proficient (pMMR) if informative and posi-
tive for all four MMR proteins. Tumours were classified as
dMMR in the absence of expression of at least one of the
four proteins.32

MSI testing

MSI testing was performed at GeneKor Medical S.A.,
Athens, Greece. We identified 50 patients with dMMR
colorectal cancer with available tumour tissue and
peripheral blood samples (as per laboratory specifica-
tions), which we submitted for MSI testing. No endome-
trial tumours were available for this analysis. DNA was
extracted from blood with standard methods and from
FFPE following enrichment in tumour cells with manual
macrodissection from four unstained 10 pm thick sections.
FFPE DNA was extracted using the QIAsymphony DNA
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Midi Kit (Qiagen, Antwerp, Belgium). Analysis was carried
out using five polymorphic markers BAT-25, BAT-26,
D5S346, D175250 and D2S123 according to Amsterdam
meeting criteria.** Briefly, the aforementioned micro-
satellite sites were amplified in a 25 pL. multiplex PCR
(QIAGEN Multiplex PCR Kit, Qiagen) using five pairs of
previously described primers” and 100 ng of DNA. After
PCR reaction, products were visualised in a 3% agarose
gel. For fragment analysis (ABI3130, Applied Biosystems),
denaturation was carried out using a mixture of 1 pL of
PCR product, 14 pL of formamide (HiDi Formamide,
Applied Biosystems) and 0.5 pL of LIZ-labelled dye-la-
belled DNA (GS500-LIZ standard; Applied Biosystems)
and incubated at 95°C for 3 min. The lengths of the
microsatellite sites were compared between tumour and
normal samples using GeneMapper software V.4.0. MSI
was reported when instability was observed in more than
two polymorphic markers of the microsatellites analysed.
Low MSI tumours were those with instability in only one
of the microsatellites analysed, whereas microsatellite
stable (MSS) tumours were those where instability was not
observed in any of the analysed microsatellites.

Statistical analysis

The primary endpoint was overall survival (OS), defined
as the time (in months) from the date of diagnosis to the
date of death from any cause or last contact, whichever
occurred first. Due to the heterogeneity in the follow-up
time, patients with colorectal cancer were classified into
three subcohorts (diagnosed in 1998/1999 study cohort
1, in 2005 study cohort 2 and in 2008 study cohort 3).
Study cohort was used as stratification variable in order to
account for differences in follow-up time. The following
IHC markers were examined in relation to OS: MLH1
status (negative and positive), PMS2 status (negative and
positive), MSH2 status (negative and positive), MSH6
status (negative and positive) and MMR status (profi-
cient and deficient). In addition, the following combined
variables were examined: MLHS1/PMS2 (both negative
vs other) and MSH6/MSH2 (both negative vs other).
The effect of the aforementioned markers on OS was
examined in multivariate Cox regression analyses, after
adjusting for clinicopathological parameters with p<0.10
in univariate analyses. All analyses were conducted in the
entire cohort and separately in the cohort of patients
with colorectal and endometrial cancer. The statistical
analyses were performed using the SAS software (SAS for
Windows, V.9.4, SAS Institute, Cary, NC, USA). Statistical
significance was set at two-sided p=0.05.

RESULTS

Patient characteristics

In total, 1158 patients were included in the study, diag-
nosed from May 1990 to September 2012; 991 patients
were diagnosed with colorectal and 167 patients with
endometrial cancer. The median age at diagnosis was
64 years (range 21-87 years) and 544 (47%) were men.

Stage distribution was as follows: stage I. 11.2%; stage II,
36.2% and stage III, 52.6%. Detailed clinicopathological
data are summarised in table 1.

Colorectal tumours were located at the right colon (308
tumours, 32%), left colon (392, 40%) or rectum (278,
28%). All patients with colorectal had received adjuvant
treatment with different chemotherapeutic regimens
(table 1). Patients with stage I disease received chemo-
therapy based on the physician’s discretion.

Patients with endometrial cancer had been diagnosed
with endometrioid (144 patients, 86.2%), clear cell/
serous (15 patients, 9%), mixed (six patients, 3.6%) or
other (two patients, 1.2%) histological type. Myometrial
invasion was <50% in 50.6% (81 of 160) patients. Overall,
109 (65%) patients with endometrial cancer had received
adjuvant treatment (radiation treatment+chemotherapy,
table 1).

Expression of MMR proteins
Among 1158 tumours, 194 (16.8%) were classified as
dMMR with IHC; 114 (11.5%) colorectal and 80 (47.9%)
endometrial tumours. The distribution of AIMMR proteins
in the entire cohort and per tumour type is shown in
figure 1A. In patients with colorectal cancer, the most
commonly deficient proteins were PMS2 (69 patients,
7%) and MLHI1 (63 patients, 6.5%). In patients with
endometrial cancer, MMR deficiency was more frequently
associated with MSH2 protein loss (58 patients, 34.7%).
However, the rates of combined MLH1/PMS2 or MSH2/
MSHG6 deficiency were similar in the two tumour types.
Representative examples of IHC staining for MMR
proteins are shown in figure 1B. Positivity of the MMR
proteins was occasionally not homogeneous, that is,
negative and positive cores were recorded for the same
tumour while the phenomenon was noticed even within
the same core in a few tumours. We noted that even
within the same core in a tumour, positivity of the MMR
proteins was occasionally not homogeneous. This intra-
tumour heterogeneity would affect the MMR status of
9.8% of colorectal and 3.5% of endometrial carcinomas
in our series of TMA-embedded tumours. However, the
observed rates were considered underwhelmed since we
did not examine whole tumour sections; therefore, we
did not further pursue intratumoural heterogeneity for
analysis. Heterogeneous tumours were analysed as pMMR
in the present series, based on the cut-off used for IHC.
Out of 50 colorectal tumours with dMMR THC status
tested for MSI, 7 (14%) were found with MSS status corre-
sponding to discordant dAMMR/MSS, 42 were MSI-high
corresponding to concordant dMMR/MSI, while in one
tumour the MMR THC status had been mislabelled and
the tumour was MSS. It was possible to revisit six of seven
discordant dAMMR/MSS tumours. All six tumours had
extensive preanalytical (poor fixation, autolysis, extensive
necroses or mucin oceans) and therefore analytical prob-
lems that hampered reliable IHC interpretation on TMA
cores. Notably though, in three cases with repeat stains
for the missing protein on whole sections, faint patched
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Table 1 Patient characteristics Table 1 Continued
Entire Colorectal Endometrial Entire Colorectal Endometrial
cohort cancer cancer cohort cancer cancer
n=1158 n=991 n=167 n=1158 n=991 n=167
Age Missing 154
Mean=SD 62.6£10.3 62.4+10.3  63.4+10.5 Lymphatic _ _
Median 64.3 64.4 64.2 vessel invasion
Min-Max 21-87 21-82 35-87 No 637 (75.7%)
Gender Yes 205 (24.3%)
Female 614 (53%) 447 (45.1%) 167 (100%) Missing 149
Male 544 (47%) 544 (54.9%) Blood vessel - -
Tumour location - - invasion
Right 308 (31.5%) No 721 (85%)
Left 392 (40.1%) ves 128 (15%)
Rectum 278 (28.4%) LA 12
Missing 13 PNI/LVI - -
Primary tumour No 590 (69.4%)
m Yes 260 (30.6%)
T4 133 (11.9%) 4 (0.4%) 129 (80.1%) Missing 141
T2 91(8.1%) 79 (8.3%) 12 (7.5%) Chemotherapy - -
T3 826 (73.9%) 806 (84.2%) 20 (12.4%) Yes 991 (100%) 20 (12%)
T4 68 (6.1%) 68(7.1%) 0 (0%) No 147 (88%)
Missing 40 34 6 Chemotherapy
Regional lymph regimen
nodes (N) 5FU/ 158 (16.6%)
NO 533 (48.2%) 408 (42.3%) 125 (88.7%) capecitabine
N1 382 (34.6%) 370 (38.4%) 12 (8.5%) FOLFOX 271 (28.5%)
N2 190 (17.2%) 186 (19.3%) 4 (2.8%) CapeOX 372 (39.1%)
Missing 53 27 26 FOLFIRI 118 (12.4%)
Stage Other 32 (3.4%)
| 128 (11.2%) 8 (0.8%) 120 (74.5%) Missing 40
I 415 (36.2%) 405 (41.2%) 10 (6.2%) t'?;?:‘;;“
i 602 (52.6%) 571(58%)  31(19.3%) No 721 (67.3%) 657 (72.7%) 64 (38.3%)
Missing 13 ! 6 Yes 350 (32.7%) 247 (27.3%) 103 (61.7%)
Grade Missing 87 87 0
1 125(11.1%) 77 (8%) 48 (29.1%) — — :
z 0008 7250519 7o) Coneok SEmEonean oL 8 U ewcowy
3 205 (18.1%) 163 (16.9%) 42 (25.4%) LVI, lymphovascular invasion; N, number; PNI, perineural invasion.
Missing 28 26 2
Mucinous - - (MLH1) or single-cell staining (MLH1 and MSHG6), indic-
component ative of heterogeneous MMR protein expression, could
No 453 (55.8%) be identified.
ves 360 (44.2%) Clinical correlations
Missing 178 In patients with colorectal cancer, dIMMR tumours were
Perineural - - more likely to be mucinous (64% dMMR vs 42% pMMR,
invasion x°, p<0.001), high grade (31% dMMR vs 15% pMMR,
No 716 (85.6%) XQ, p<0.001), located at the right colon (65% dMMR vs
Yes 121 (14.4%) 27% pMMR, p<0.001). Additionally, MMR deficiency was
Continued associated with lower stage Q(Stage I/1I) disease in 63% of
dMMR vs 39% of pMMR, y~, p<0.001.
4 Fountzilas E, et al. ESMO Open 2019;4:000474. doi:10.1136/esmoopen-2018-000474
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Figure 1 (A) Distribution of dAMMR proteins in the entire
cohort and per tumour type. (B) Representative examples
of MMR immunohistochemistry in CRC and EMC.
Indicated are negative and positive tumours in rows for
each MMR protein in columns. In negative tumours, note
positive stromal cells and lymphocytic infiltrates (positive
endogenous control). For all pictures, original magnification
x200. CRC, colorectal carcinoma; dMMR, mismatch repair
deficient; EMC, endometrial carcinoma.

In patients with endometrial cancer, dMMR tumours
were more likely to be low grade (80% of dAMMR vs 69%
of pMMR, X2’ p=0.025) and of endometrioid (74/144,
51.4%) than serous/clear cell (3/15, 20%) histology (XQ,
p=0.020). We did not identify any other significant asso-
ciation between MMR status and known clinicopatholog-
ical parameters in our patient cohort. The rate of dAMMR
was numerically higher in stage I/II (84%) compared
with stage III (77%) disease; however, this association did
not yield statistical significance (p=0.425). Detailed clin-
ical correlations with MMR status are shown in table 2.

MMR status and clinical outcome

In the entire cohort, during a median follow-up of 94.8
months (range 0.7-300.9), 321 deaths (27.7%) occurred.
Median OS was 225 months (95% CI 225 to not reached).
In the colorectal and endometrial cohorts, the median
follow-up was 97 (range 0.7-300.9) and 72 (range
1.6-225.0) months, respectively. Among patients with
colorectal cancer, 279 deaths (28.2%) occurred, whereas

42 deaths (25.1%) occurred in the cohort of patients with
endometrial cancer.

Detailed results of the univariate analysis of all study
clinical variables per tumour type are shown in Supple-
mentary Table S1. In patients with colorectal cancer, we
did not identify any significant association between MMR
status and OS (HR=0.73, 95% CI 0.49 to 1.09, p=0.130,
Supplementary Table S2, figure 2A). MMR deficiency did
not appear to be prognostic either in patients with stage
IT or stage IIT (HR=0.94, 95% CI 0.52 to 1.72, p=0.850 and
HR=0.72, 95% CI 0.40 to 1.29, p=0.274, respectively).

In patients with endometrial cancer, MMR deficiency
was favourably associated with OS (HR=0.38, 95% CI 0.20
to 0.76, p=0.006, Supplementary Table S2, figure 2B) and
maintained its prognostic significance in multivariate
analyses on adjusting for age, stage and grade (HR=0.42,
95% CI 0.20 to 0.88, p=0.021). Kaplan-Meier curves for
OS according to the status of each MMR protein are
presented in Supplementary Figure S1. In this patient
group, MSH2 deficiency as a single marker among the
four MMR proteins was strongly associated with better
outcome and but did not retain its prognostic signifi-
cance in a multivariate model adjusting for the above clin-
ical parameters and individually for each MMR protein
(HR=0.45, 95% CI 0.13 to 1.53, p=0.202).

The adjusted HRs for all relevant study parameters
are depicted as a forest plot in patients with colorectal
(figure 3A) and endometrial (figure 3B) cancer.

DISCUSSION
In our patient population, MMR deficiency was noted in
11.5% of patients with nonmetastatic colorectal cancer
and in 47.9% of patients with nonmetastatic endometrial
cancer. MMR-deficiency rates of each of the four proteins
differed between the two tumour types. MSH2 defi-
ciency was noted in the majority of endometrial dMMR
tumours. On the contrary, colorectal tumours exhibited
more commonly PMS2 and MLHI deficiency. MMR
deficiency was independently associated with improved
OS in patients with nonmetastatic endometrial cancer.
However, MMR status did not appear to be associated
with prognosis in patients with nonmetastatic colorectal
tumours, who had received adjuvant treatment.
Reported rates of defective MMR in endometrial
tumours vary between 19% and 45%.'%* * % In fact,
the rate of MMR deficiency in endometrial tumours
appears to be nearly twice as high compared with
colorectal tumours. High frequency of MMR deficiency
has been reported predominantly in endometrioid
endometrial tumours."” #* #*%7* The high rate of dAMMR
tumours in our patient cohort could be attributed to the
high proportion (86%) of endometrioid endometrial
tumours. Interestingly, we found that the MSH2 protein
was more frequently deficient compared with the rest
of the three proteins. If further validated, this finding
suggests that the dual MMR protein test (PMS2 and
MSHB6) proposed for screening® ** may miss the majority
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Table 2 Associations between MMR status and selected clinicopathological characteristics, in the entire cohort.

Colorectal cancer (N=991)

Endometrial cancer (N=167)

dMMR pMMR Pvalue dMMR pMMR P value
Age <0.001 0.539
N 114 874 80 87
Median 61.1 64.9 64.6 63.8
Range (23.7-81.5) (20.5-79.5) (85.4-87.2) (35.1-85.1)
Grade <0.001 0.025
1 7 (6.4) 70 (8.2) 31 (38.8) 17 (20.0)
2 69 (62.7) 656 (76.7) 33 (41.3) 42 (49.4)
3 34 (30.9) 129 (15.1) 16 (20.0) 26 (30.6)
Primary tumour (T) 0.369 0.234
T 0 (0) 4 (0.5) 65 (84.4) 64 (76.2)
T2 6 (5.4) 73 (8.6) 6 (7.8) 6 (7.1)
T3 94 (84.7) 712 (84.2) 6(7.8 14 (16.7)
T4 11 (9.9) 57 (6.7)
Regional lymph nodes (N) <0.001 0.507
NO 71 (63.4) 337 (39.6) 65 (89.0) 60 (88.2)
N1 27 (24.1) 343 (40.3) 5(6.8) 7(10.3)
N2 14 (12.5) 172 (20.2) 3 (4.1) 1(1.5)
Stage <0.001 0.425
I 3(2.7) 5 (0.6) 61 (79.2) 59 (70.2)
Il 68 (60.7) 337 (38.7) 4 (5.2) 6(7.1)
1] 41 (36.6) 530 (60.8) 12 (15.6) 19 (22.6)
Radiation therapy <0.001 0.244
No 94 (87.9) 563 (70.6) 27 (33.8) 37 (42.5)
Yes 13 (12.1) 234 (29.4) 53 (66.3) 50 (57.5)

.N, number; dMMR, mismatch repair deficient; pMMR, mismatch repair proficient.

dMMR endometrial cancers, where staining patterns have
not yet been characterised.*® Similar to our study, high
rates of MSHZ2 deficiency have been previously reported
in patients with endometrial tumours.* *' In addition,
high rates of MSH2-deficient tumours have been iden-
tified in patients with Lynch-associated endometrial
cancer, who often carry MSH2 germline mutations.*
Even though our patient population was not selected for
age or family history of cancer, it may have been enriched

Endometrial cohort

A Colorectal cohort B

Figure 2 Prognostic significance of MMR status in
patients with (A) colorectal and (B) endometrial cancer.
MMR, mismatch repair.

for patients with Lynch syndrome carrying MSH2 muta-
tions. No germline data were available for our patients
to confirm this hypothesis. Other investigators reported
PMS2 to be more commonly absent in a cohort of 235 (of
1049) dMMR tumours, followed by the MLH1 protein.*
Additionally, PMS2 and MLHI1 were found to be absent
in the majority of dAMMR tumours (24 of 30 tumours)
in a study of 140 prospectively examined endometrial
tumours. Finally, another study reported dAMMR proteins
per ethnicity and demonstrated similar numbers of absent
MLH1/PMS2 and MSH2/MSH6 proteins in Caucasian
patients.49 However, since the number of AMMR tumours
was small in most of the aforementioned studies, these
results need to be interpreted with caution.

In our study, MMR deficiency was associated with
lower-stage colorectal cancer. This association has been
well described in previous studies.” Similarly, compared
with MMR proficiency, MMR deficiency was observed in
a higher number of stage I/1I endometrial tumours. Even
though the number of dMMR tumours is small, there
seems to be an association with MMR status and disease
stage. This might be related to the de-selection for dAMMR
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A
CRC cohort (N=754)

Parameter N patients N events HR (95%CI) p-value
MMR status

Deficient vs. Proficient 88vs.666 21vs. 187 L 2 0.95 (0.60, 1.51) 0.836
Age * 1.02(1.01, 1.04) 0.005
Stage

s, I-Il 439vs.315 153 vs. 55 o 248 (1.81,3.40) <0.001
Blood vessel invasion

Yes vs. No 103 vs. 651 40vs. 168 L 2 1.57 (1.11,2.24) 0.012
Mucinous component

Yes vs. No 313vs.441 98vs. 110 »> 1.20 (0.86, 1.67) 0.292

o123 4s
B
Endometrial cohort (N=159)

Parameter N patients N events HR (95%CI) p-value
MMR status

Deficient vs. Proficient 77vs. 82 10vs. 29 L 2 0.42(0.20, 0.88) 0.021
Age < 1.05 (1.01, 1.09) 0.12
Grade

3vs. 12 41vs. 118 23vs. 16 44— 3.20(1.53,6.68) 0.002
Stage

Il-lvs. 1 40vs. 119  23vs. 16 44 4.43(2.06,9.54) <0.001

T T T
0123435

Figure 3 Associations between OS, relevant
clinicopathological parameters and MMR status in patients
with (A) CRC and (B) endometrial cancer. CRC, colorectal
cancer; MMR, mismatch repair; OS, overall survival.

clones during disease progression, since persistent insta-
bility is not beneficial for tumour growth.” In addition,
hypermutation of dMMR tumours leads to high neoan-
tigen rate that can be recognised by the immune system.’
Prospective trials should address this association across
tumour types.

The prognostic significance of MMR deficiency in
patients with endometrial cancer has not been fully
established. Studies have demonstrated that women with
dMMR tumours have improved clinical outcomes' *
while others have reported similar'® *****! or worse clin-
ical outcomes"’ > compared with women with pMMR
tumours. A meta-analysis of 23 studies evaluating MMR
status demonstrated significant associations between
MMR and clinical outcomes in 32% of those studies.”
Pooled analysis of six studies did not show any significant
association between MMR deficiency and decreased OS.
However, 74% were retrospective studies, 6 out of 18 eval-
uated MSI using the panel of five microsatellite markers
recommended by the National Cancer Institute and only
two out of seven determined the expression of all four
MMR proteins.56 In our cohort, MMR deficiency was
independently associated with increased OS in patients
with nonmetastatic endometrial cancer. This associa-
tion might be attributed to the high number of dAMMR
tumours that were stage I. Specifically, improved prog-
nosis was univariately associated with MSH2 deficiency, in
contrast to other studies where there was no association
between clinical outcomes and MSH2 expression status. "’

MMR status has been previously associated with
prognosis in patients with stage 117 and 1II colorectal
tumours.'”*”* In our patient population, MMR deficiency

was not associated with OS in patients with nonmetastatic
colorectal tumours who received adjuvant treatment.
Lack of statistical power might be one of the reasons for
the nonsignificant difference in OS between patients with
dMMR and pMMR tumours. This lack of association has
been previously shown in another cohort of patients with
stage II colon cancer, where 86% of the patient popula-
tion had received adjuvant chemotherapy.” In our study,
patients with stage II disease received adjuvant chemo-
therapy based on risk factors assessed by the treating
physician. Studies have shown that 5-fluorouracil-based
adjuvant chemotherapy not only is ineffective in patients
with stage II dAMMR tumours but it may also have a detri-
mental effect on survival.”’ In addition, some patients
received irinotecan-based adjuvant chemotherapy, as part
of a clinical study.® *' Preclinical data have suggested a
potential benefit from the addition of irinotecan to the
treatment of patients with dAMMR colorectal tumours.®' **
However, studies have shown conflicting data on the clin-
ical benefit from the use of irinotecan in patients with
dMMR tumours.”” *% In addition, the prognostic signif-
icance of MMR deficiency has been shown to be affected
by other factors, as the presence of tumour-infiltrating
lymphocytes®™ or BRAF mutation status.*"" Our results
cannot be compared with these studies because herein
we did not examine immune response-related markers or
BRAF genotypes. Overall, it appears that the prognostic
significance of MMR deficiency in colorectal cancer
needs to be prospectively evaluated in combination with
additional prognostic markers.

The accurate dMMR status characterisation has always
been puzzling and regained interest after the FDA
approval of this phenotype as the first tumour-agnostic
marker for the selection of patients to receive immuno-
therapy.” However, whether tumours should be tested in
the routine setting with IHC only, MSI-PCR only or with
both methods, has not reached a consensus yet. Evalua-
tion of the most accurate method for dAMMR classification
was not an objective in the present study. In large series of
interlaboratory quality assurance rounds, a high concor-
dance for MMR IHC, when appropriately and vigorously
standardised,” ™ and a substantially lower one for micro-
satellite PCR testing”” have been demonstrated. However,
even in expert laboratories, tumours with discrepant
dMMR/MSS or pMMR/MSI phenotypes do exist.”” 7
Our results with double IHC and PCR testing demon-
strated 2 dMMR/MSS discordance of 14%, similar to the
previously published comparison between MMR IHC on
TMA slides and MSI-PCR.” As we show, the reasons for
dMMR/MSS discordance may be attributed to preanalyt-
ical (tissue) and analytical problems of IHC but also to
the heterogeneous expression of MMR proteins. One of
the discordant tumours exhibited heterogeneous MSH6
loss, where PCR may fail to detect instability with the
applied method.” Heterogeneous intratumour MMR
protein expression is reported in colorectal cancer® ™
but its true incidence, biological background and clinical
implications are unclear. Notably, this feature can cause
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MMR status classification problems, since it is definitely a
source for discordant IHC/PCR test results and for true
discrepant MMR/MSI phenotypes,” 7 as shown here as
well. Recently, it was shown that patients with discrepant
MMR/MSI phenotypes may respond to immunotherapy,”
and should hence be regarded as dMMR.”® Here, we
highlight the issue of intratumour MMR protein hetero-
geneity and the chance of missing this feature when IHC
is applied on TMA cores. Whether tumours with hetero-
geneous MMR protein expression patterns should also
be classified as dMMR needs evaluation in large series
by assessing specific staining patterns (patchy, dispersed,
differences in staining intensity) on whole sections with
appropriately standardised MMR IHC, along with MSI
PCR comparison for matched tumour areas.

Our study has certain limitations. First, its retrospec-
tive nature. Second, there were no chemotherapy-naive
patients with stage II colorectal cancer to evaluate the
prognostic significance of MMR deficiency. In addi-
tion, due to lack of associated blood samples, we were
not able to perform germline testing in patients with
dMMR tumours, to identify inherited mutations. Finally,
the sample size of our study cohorts did not allow for
subgroup analysis to assess the prognostic significance of
MMR status per stage and per tumour location in patients
with colorectal tumours.

In conclusion, our study demonstrates that MMR
deficiency was associated with improved outcomes in
women with endometrial carcinoma. MMR status was
not associated with prognosis in patients with nonmet-
astatic colorectal cancer who received adjuvant treat-
ment. Future prospective studies are needed to assess the
prognostic significance of each MMR protein deficiency,
in combination with relevant clinical and pathological
parameters to improve risk stratification.
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