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Background: It has recently been reported that mismatch repair (MMR) status and
microsatellite instability (MSI) status in gastroesophageal carcinomas predict surgical,
chemotherapeutic and immunotherapeutic outcomes; however, there is extensive vari-
ability in the reported incidence and clinical implications of MMR/MSI status in gastro-
esophaegal adenocarcinomas. We characterized a Canadian surgical patient cohort with
respect to MMR status, clinicopathologic correlates and anatomic tumour location.

Methods: We investigated MMR and BRAF V600E status of gastroesophaegal adeno-
carcinomas in patients who underwent gastrectomy or esophagectomy with extended
(D2) lymphadenectomy at a single centre between 2011 and 2019. We correlated pat-
terns of MMR expression in the overall cohort and in anatomic location—defined sub-
groups with treatment response and overall survival using multivariate analysis.

Results: In all, 226 cases of gastroesophaegal adenocarcinoma (63 esophageal, 98 gas-
troesophageal junctional and 65 gastric) were included. The MMR-deficient (AIMMR)
immunophenotype was found in 28 tumours (12.3%) (15 junctional [15.3%], 13 gas-
tric [20.0%] and none of the esophageal). The majority (25 [89%]) of dMMR cases
showed MLH1/PMS?2 loss without concurrent BRAF V600E mutation. Two MSH2/
MSHG6-deficient gastric tumours and 1 MSH6-deficient junctional tumour were
detected. The pathologic response to preoperative chemotherapy was comparable in
the dMMR and MMR-proficient (pMMR) cohorts. However, dMMR status was asso-
ciated with significantly longer median overall survival than pMMR status (5.8 yr v.
2.4 yr, hazard ratio [HR] 1.91, 95% confidence interval [CI] 1.06-3.46), particularly
in junctional tumours (4.6 yr v. 1.9 yr, HR 2.97,95% CI 1.27-6.94).

Conclusion: Our study shows that MMR status has at least prognostic value, which
supports the need for biomarker testing in gastroesophageal adenocarcinomas, includ-
ing junctional adenocarcinomas. This highlights the clinical significance of determin-
ing the MMR status in all adenocarcinomas of the upper gastrointestinal tract.
Response to induction chemotherapy, however, was not influenced by MMR status.

Contexte : Selon un récent rapport, le statut du systeme de réparation des mésappa-
riements (MMR, pour mismatch repair) et de I'instabilité microsatellitaire (MSI, pour
microsatellite instability) dans le cancer gastro-cesophagien permet de prédire I'issue
des traitements (chirurgie, chimiothérapie et immunothérapie); or, on observe une
importante variabilité quant a I'incidence rapportée et quant aux répercussions cli-
niques du statut MMR/MSI dans les adénocarcinomes gastro-cesophagiens. Aupres
d’une cohorte de patients canadiens qui ont été opérés, nous avons recueilli le statut
MMR, les corrélats clinicopathologiques et la localisation de la tumeur.

Méthodes : Nous avons établi le statut MMR et BRAF V600E des adénocarcinomes
gastro-cesophagiens chez des personnes ayant subi une gastrectomie ou une cesopha-
gectomie avec lymphadénectomie étendue (D2) dans 1 seul centre entre 2011 et 2019.
Nous avons établi la corrélation entre les modes d’expression du MMR dans la
cohorte entiére et dans des sous-groupes définis selon la localisation de la Iésion, la
réponse au traitement et la survie globale, a I'aide d’analyses multivariées.

Résultats : En tout, nous avons inclus 226 cas d’adénocarcinomes gastro-cesophagiens
(63 de P’;esophage, 98 de la jonction gastro-cesophagienne et 65 de ’estomac).
L’immunophénotype MMR-déficient (AMMR) a été observé dans 28 tumeurs (12,3 %)
(15 de la jonction [15,3 %], 13 de I’estomac [20,0 %] et aucun de I’cesophage). La
majorité (25 [89 %]) des cas AMMR étaient négatifs pour MLH1/PMS?2, sans mutation
BRAF V600E concomitante. Deux tumeurs gastriques négatives pour MSH2/MSHG6 et
1 tumeur de la jonction négative pour MSH6 ont été détectées. La réponse anatomo-
pathologique a la chimiothérapie préopératoire a été comparable dans les cohortes
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dMMR et MMR-compétentes (pMMR). Toutefois, le statut IMMR a été associé a une
survie médiane globale significativement plus longue que le statut pMMR (5,8 ans c. 2,4
ans, risque relatif [RR] 1,91, intervalle de confiance [IC] de 95 % 1,06-3,46), particuliére-
ment pour les tumeurs de la jonction (4,6 ans c. 1,9 an, RR 2,97, IC de 95 % 1,27-6,94).

Conclusion

: Selon notre étude, le statut MMR a la moins grande valeur pro-

nostique, ce qui appuie le recours a un dosage des biomarqueurs pour les adénocarci-
nomes gastro-cesophagiens, y compris les adénocarcinomes de la jonction gastro-
cesophagienne. Cela rappelle 'importance au plan clinique de déterminer le statut
MMR dans tous cas d’adénocarcinome des voies digestives hautes. La réponse a la
chimiothérapie d’induction n’a toutefois subi aucune influence du statut MMR.

close to 9% of all new cancer cases and 14% of all

cancer deaths worldwide.! Of their 2 main histo-
logic subtypes, squamous cell carcinoma and adenocar-
cinoma, the latter predominates among tumours of the dis-
tal esophagus, the gastroesophageal junction (GEJ) and the
proximal stomach, and continues to rise in incidence, par-
ticularly in high-income countries.>* Emerging mutational
analysis data show that adenocarcinomas of the distal
esophagus and proximal stomach are genomically indistin-
guishable and thus should be considered as 1 disease — gas-
troesophageal adenocarcinoma — and treated similarly.” A
2014 study by the Cancer Genome Atlas Research Network
showed that, in order to improve therapy response and sur-
vival, treatment protocols need to take tumour genetic and
molecular profiles into account.® Molecular characterization
of gastric adenocarcinomas yielded several distinct subtypes,
including a subset deficient for DNA mismatch repair
(MMR). This deficiency results in microsatellite instability
(MSI]) and the development of hundreds to thousands of
somatic mutations in MSI-high (MSI-H) tumours.”*

There is substantial variability in the reported incidence
of the MMR phenotype, ranging from about 5% to 30%
in gastric cancers, and from 0% to 8% in esophageal and
junctional cancers.®!! This variability is at least partially
explained by intercountry variability, which highlights the
importance of expanding the geographic distribution of
data collection. Most contemporary series have focused on
Eastern Asian and European populations,'® with North
American patients remaining largely underrepresented.

It is becoming increasingly important to obtain MMR
status for clinical and surgical decision-making. Post hoc
analyses of 2 large randomized studies examining platinum-
based chemotherapy in the neoadjuvant (Medical Research
Council Adjuvant Gastric Infusional Chemotherapy
[MAGIC] trial'?) and adjuvant (Capecitabine and Oxalipla-
tin Adjuvant Study in Stomach Cancer [CLASSIC] study'®)
settings in gastric carcinomas suggest that patients with
MSI-H tumours have better survival than those with micro-
satellite stable tumours but experience no benefit, or even
negative effects, from chemotherapy.'*!¢ In 2017, the
immune checkpoint inhibitor pembrolizumab was approved
for treatment of MSI-H/MMR-deficient (IMMR) unre-
sectable gastroesophageal adenocarcinoma based on dem-
onstration of overall response rates of about 55% in

U pper gastrointestinal malignant diseases represent
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patients with MSI-H tumours.!”™" Despite these seminal
advances, literature on the impact of MMR/MSI status on
prognosis, its association with chemoresistance, and the
impact on surgical, chemotherapeutic and immunothera-
peutic outcomes remains scarce, particularly for
esophageal/junctional cancers. The objectives of this work
were thus to establish the proportion of dAMMR tumours
in a Canadian surgical cohort and to evaluate the clinical
relevance of this biomarker.

MEeTHODS
Study population

This single-centre study included patients with adenocar-
cinoma of the esophagus (Siewert classification type 1), GEJ
(Siewert classification type 2) or subcardial stomach (Siewert
classification type 3) who underwent gastrectomy or esoph-
agectomy with extended (D2) lymphadenectomy between
2011 and 2019 at the Montreal General Hospital of the
McGill University Health Centre, a high-volume referral
centre for upper gastrointestinal malignant diseases in Mon-
tréal, Quebec. The main exclusion criteria were histologic
subtype (squamous cell carcinoma) and absence or unavail-
ability of tumoral tissue for analysis, including no residual
tumour tissue on surgical resection (complete pathologic
response). Patient demographic characteristics, tumour
characteristics, treatment details, operative variables and
survival data were collected from electronic medical records.

The study protocol was approved by the McGill Uni-
versity Health Centre Institutional Review Board (2019-
4965; 2021-6906), and all procedures involving human
participants were performed in accordance with the 1964
Helsinki declaration and its later amendments. All patients
gave informed and written consent before enrolment.

Preoperative treatment

Neoadjuvant chemotherapy was used in the majority of
patients with stage 3 disease and those with stage 2 disease
at high risk. The predominant regimen used consisted of a
docetaxel-based triplet (DCF [docetaxel, cisplatin,
S-fluorouracil] or FLOT [docetaxel, oxaliplatin,
S-fluorouracil, leucovorin]), initially based on a local
phase 2 investigator-initiated trial*® and subsequently on the



FLOT#4 trial?! Chemoradiation (ChemoRadiotherapy for
Oesophageal cancer followed by Surgery Study [CROSS]

protocol*?) was administered in a small minority of cases.
Surgical technique

The surgical approach for tumour resection was selected
according to tumour localization and patients’ characteris-
tics. Patients with esophageal or junctional tumours under-
went Ivor-Lewis, McKeown or left thoracoabdominal en
bloc esophagectomy, and those with subcardial tumours
underwent total or subtotal gastrectomy. Extended lymph-
adenectomy was performed in all cases. Minimally invasive
approaches were used according to surgeon preference.

Tumour staging and evaluation of treatment response

Staging was performed according to the A7CC Cancer
Staging Manual.?*** Tumour anatomic location was con-
firmed according to the definitions in the 8th edition of the
manual, with GEJ tumours defined as lesions with the epi-
centre located within 2 cm of proximal stomach and
extending into the GEJ for all cases reported after 2017.2*
We reclassified all tumours reported before or during 2017
using 8th edition AJCC criteria when sufficient informa-
tion was available. Response to neoadjuvant therapy was
determined histologically on the resected specimens and
graded with the Modified Ryan Scheme for Tumor
Regression Score.” Classifications were as follows: 0 (com-
plete response) = no viable cancer cells; 1 (near-complete
response) = single cells or rare small groups of cancer cells;
2 (partial response) = residual cancer with evident tumour
regression, but more than single cells or rare small groups
of cancer cells; and 3 (poor or no response) = extensive
residual cancer. For the purpose of this study, patients with
a score of 0 or 1 were classified as good responders, and
those with a score of 2 or 3 as poor responders.

Tissue microarray construction

Tissue microarrays (I'MAs) were constructed with tissue
from primary tumour, lymph node metastases, distant
metastases, intestinal metaplasia and nonneoplastic tissue,
depending on tissue availability. For all TMAs, tumoural tis-
sue duplicate cores (1 mm) were punched from each region.
Tissue microarray paraffin-embedded tissue blocks were
prepared with the TMA Grand Master GDHISTECH) at
the Rosalind and Morris Goodman Cancer Research Cen-
tre, McGill University.

Mismatch repair status determination and BRAF
V600E mutation analysis

Immunohistochemical analysis for MMR status was carried
out on 3-um sections prepared from TMA blocks and
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subjected to immunohistochemistry for the mutl. homo-
logue 1 (MLH1; G168-15, Roche Diagnostics), mutS
homologue 2 (MSH2; G219-1129, Roche Diagnostics),
mutS homologue 6 (MSH6; SP93, Roche Diagnostics) and
postmeiotic segregation increased 1 homologue 2 (PMS2;
A16-4, Roche Diagnostics) with the Ventana Benchmark
Ultra (Roche Diagnostics). We defined dMMR as com-
plete absence of nuclear staining with 1 or more of the
4 antibodies in the tumoural cells in the presence of posi-
tive internal control (nuclei of lymphocytes and stromal
cells). BRAF mutation status was assessed by immunohisto-
chemistry with anti-V600E-mutant-BRAF antibody (VEL,
Roche Diagnostics). Positive results were defined as granu-
lar cytoplasmic staining of the tumoural cells.

Statistical analysis

We compared clinical variables, including demographic
characteristics, tumour characteristics, treatment response
and survival data, among patients with dMMR tumours
and those with MMR-proficient (p)MMR) tumours. We
calculated overall survival from the time of diagnosis to
death or the time of the last recorded contact before statis-
tical analysis, using the Kaplan-Meier method and Cox
proportional hazards regression. Data were presented as
mean and standard deviation or 95% confidence interval
(CI). Linear mixed-effects analysis was first conducted as a
bivariable analysis, followed by multivariable analysis. We
adjusted multiple comparisons using Tukey post hoc tests.
Statistical significance was set at p < 0.05. We performed
all statistical analysis using R v.3.4.1 software (R Founda-
tion for Statistical Computing) at a CI of 95%.

REsuLTS

Clinicopathologic parameters and dMMR status
in the overall cohort

A total of 226 patients (175 men [77.4%] and 51 women
[22.6%] with a mean age of 68 yr) with gastroesophageal
adenocarcinomas present on surgical resection specimens
were included in the study (Table 1). Neoadjuvant therapy
was administered in 153 cases (67.7%) (chemotherapy in
146 cases [64.6%], chemoradiation in 7 [3.1%]). No
patients were known to have germline MMR gene muta-
tions or a family history of Lynch syndrome.
Immunohistochemical analysis of patient TMAs showed
that 28 patients (12.4%) had dAMMR tumours. Tissue
microarray immunohistochemistry results were confirmed
on full sections of the patients’ respective tumour blocks.
"The sections showed diffuse MMR protein loss in all cases.
A total of 25 tumours showed a combined loss of MLH1/
PMS2 proteins (Figure 1A-C). The 3 remaining dMMR
cases consisted of 2 subcardial tumours with MSH2/MSH6
loss and 1 MSH6-deficient junctional tumour (Figure 1D).
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Table 1. Clinicopathologic characteristics of patients with
adenocarcinoma of the upper gastrointestinal tract who

underwent gastrectomy or esophagectomy with extended
(D2) lymphadenectomy

No. (%) of patients*
pMMR dMMR
Characteristic n=198 n=28 p value
Age, mean = SD, yr 67 £11 73 £ 14 0.02
Male sex 165 (78.3) 20 (71.4) 0.6
Tumour location
Distal esophagus 63 (31.8) 0(0.0) 0.001
Gastroesophageal junction 83 (41.9) 15 (53.6)
Subcardial 52 (26.3) 13 (46.4)
Clinical stage
Early (I-11) 53 (26.8) 8(28.6) 0.9
Locally advanced (l11) 145 (73.2) 20 (71.4)
Neoadjuvant therapy
None 61 (30.8) 12 (42.9) 0.4
Chemotherapy 131 (66.2) 15 (53.6)
Chemoradiotherapy 6 (3.0) 1(3.6)
Tumour grade
Well differentiated 8(4.0) 3(10.7) 0.2
Moderately differentiated 78 (39.4) 13 (46.4)
Poorly differentiated 112 (56.6) 12 (42.9)
Pathologic stage
| 25 (12.6) 7 (25.0) 0.01
Il 29 (14.6) 9(32.1)
1] 113 (67.1) 11(39.3)
\Y2 31(15.7) 1(3.6)
No. of positive lymph nodes, 3(1-8) 1(0-5) 0.02
median (IQR)
Lymph node status
NO 41(20.7) 13 (46.4) 0.03
N1 (1-2) 45 (22.7) 4(14.3)
N2 (3-6) 51 (25.8) 5(17.9)
N3 (=7) 61 (30.8) 6(21.4)
Survival analysis
90-day mortality 15 (7.6) 3(10.7) 0.3
Overall survival, median 2.4 (1.9-3.0) 5.8 0.03
(95% Cl), yrt (3.4-8.2)
Cl = confidence interval; dMMR = mismatch repair—deficient; IQR = interquartile range;
pPMMR = mismatch repair—proficient; SD = standard deviation.
*Except where noted otherwise.
tHazard ratio 1.91 (95% Cl 1.06-3.46).

Anti-BRAF V600E analysis showed presence of the muta-
tion in 1 patient (0.4%) with pMMR status (Appendix 1,
Supplementary Figure S1, available at www.canjsurg.ca/
lookup/doi/10.1503/cjs.01702 1/tab-related-content). None
of the patients with dAMMR tumours had a BRAF V600E
mutation on immunohistochemical analysis.

The mean age was significantly different between the
pMMR and dMMR cohorts (Table 1). There did not
seem to be any sex difference. Only adenocarcinomas of
the GEJ (15/98 [15%]) and stomach (13/65 [20%])
showed dMMR; none of the 63 adenocarcinomas of the
distal esophagus showed this phenotype. There was no
difference in dMMR status between early-stage disease
(stage I-1I) and locally advanced disease (stage III) (p =

E82 Can J Surg/J can chir 2023;66(1)

0.9). Retrospectively, dAMMR status did not influence the
choice of neoadjuvant therapy or surgery.

The dMMR phenotype was not associated with differ-
ences in tumour grade (p = 0.2). However, the dMMR
immunophenotype was associated with less advanced
pathologic staging compared to pMMR: dMMR was asso-
ciated with lower stages and pMMR with higher stages (p =
0.01). This was reflected in nodal status: patients with
pMMR tumours had a significantly greater overall median
number of positive lymph nodes than patients with
DMMR tumours (p = 0.02), which translated to signifi-
cantly higher pathologic lymph node status staging groups
in the pMMR group (p = 0.03).

Postoperative and long-term survival in the
overall cohort

The 90-day mortality rate for the study cohort was 8.0%. It
was comparable between the dMMR group (3 patients
[10.7%]) and the pMMR group (15 patients [7.6%]) (p = 0.3).
However, the dMMR immunophenotype was significantly
and independently associated with better long-term survival
than the pMMR phenotype (median overall survival 5.8 yr v.
2.4 yr, hazard ratio [HR] 1.91, 95% CI 1.06-3.46) (Table 1,
Figure 2 and Appendix 1, Supplemental Figure S2).

Treatment response in the overall cohort

A total of 153 patients (67.7%) had received neoadjuvant
therapy. There was no difference between the dMMR and
pMMR groups in receipt of neoadjuvant therapy (16
[57.1%] v. 137 [69.2%], p = 0.4). Tumour regression scor-
ing was available for 130 (85.0%) of these patients. Among
the 118 pMMR cases, pathologic near-complete response
was observed in 8 patients (6.8%), partial response in 37
(31.4%) and poor response in 73 (61.9%). None of the
12 patients with dMMR tumours showed a near-complete
histologic response, 4 (33%) showed a partial response,
and 8 (67%) showed a poor response. Although the
absence of a near-complete response in the dMMR group
was notable, there was no statistically significant difference
between the 2 groups.

Substratification by anatomic site

The cohort was classified based on tumour location into a
GE]J group and a gastric group (Table 2). Since no dMMR
cases were observed in the esophageal group, this set was
excluded from site-specific differential analyses.

The GE]J group consisted of 98 patients, 15 of whom
(15%) had dMMR tumours (Table 2). The dAMMR immu-
nophenotype was associated with slightly but significantly
older age (p = 0.02); there was no difference in sex distribu-
tion (p = 0.7). Similarly, although the dMMR immunophe-
notype was comparable to the pMMR immunophenotype



RESEARCH

JF’% RS

]
i

£ A

i
car
Y

»

ﬁ?» S’“\}ﬂth =

v j,u. SPTRIY .-v.-,-.«..,
ﬂ;j’ ! ?"“‘

‘w'ﬁ.‘ff}i" ‘ P ‘ _c-,...ol '.'?0" i 7}’ '.
i‘..e {»;_.e:g.,ﬁ, %

o é e

"‘ Pl

:,}-r‘

A ,.v-,.a':' .‘/ c y
%

SO
““t Pt " &

..1_,. f
.

go‘
S B0

* '_
}w&, % ‘

Fig. 1. Variable combinations of patterns of loss of mismatch repair (MMR) protein in upper gastrointestinal
tract malignant tumours. (A-C) Most MMR-deficient cases exhibited intestinal-type morphology (A, hema-
toxylin—eosin, 200x), nuclear loss of MLH1 (B, immunohistochemical staining for MLH1, 200x) and nuclear
loss of PMS2 (C, immunohistochemical staining for PMS2, 200x) in the presence of appropriately staining
lymphocytes. (D) A single case of MSH6 loss (immunohistochemical staining for MSH6, 200x) with intact
MSH2 expression (inset, immunohistochemical staining for MSH2, 200x) was identified.

with respect to clinical stages (p = 0.09), the former was
associated with lower pathologic stages (p = 0.04), lower
median number of positive lymph nodes (p = 0.005) and
higher proportion of node-negative tumours (p = 0.008).
As in the overall cohort, dMMR status was associated with
longer median overall survival than pMMR status (4.6 yr v.
1.9 yr, HR 2.97, 95% CI 1.27-6.94), despite no significant
difference in treatment response between the 2 groups
(66 cases with available tumour regression scores) (Table 3
and Appendix 1, Supplemental Figure S2).

The gastric group (65 patients) had 13 dMMR cases
(20%). There was a nonsignificant trend toward older age in
the patients with dMMR tumours, but no difference for sex.
Similarly, there was no significant difference between the
dMMR and pMMR phenotypes in clinical and pathologic
staging, nodal status, survival data or treatment response.

Discussion

To investigate the distribution of MMR deficiency/MSI
and its associated clinical outcomes in North American
surgical patients with upper gastrointestinal tract malig-
nant tumours, we used immunohistochemical analysis to
screen 226 gastroesophageal tumours for integrity of
MMR protein expression. We found MMR deficiency in
12.4% of cases (28/226) in the overall cohort, with 15.3%

(15/98) in the GEJ group, 20.0% (13/65) in the gastric
group and none in the esophageal group. Although the
results observed in the gastric cohort were within the pre-
viously published range, the rate of dAMMR immunophe-
notype in the GEJ tumours was higher than the previously
reported rate of 0%-8%.5!1 Most important, our study
showed that the dJMMR immunophenotype was predictive
of longer median overall survival in the overall cohort,
independent of clinical staging or chemo(radio)therapy
response. These results validate the growing literature
showing the association between dMMR/MSI-H status
and positive outcome in upper gastrointestinal tract cancer.
Furthermore, our study shows that this association is
recapitulated when evaluating the GEJ group independ-
ently. These findings highlight the importance of deter-
mining the MMR status in junctional lesions and its value
in prognostication of these tumours. Given the absence of
dMMR cases in the esophageal group in our cohort and in
previous studies,””!! systemic MMR testing in adenocar-
cinomas of the esophagus appears unwarranted at present.
Although a growing body of literature has focused on
clinicopathologic correlates of dAMMR/MSI-H gastric
adenocarcinomas, the data specific to esophageal/junctional
tumours remain sparse. In our study, the dMMR immuno-
phenotype was associated with increased age, lower patho-
logic staging and node-negative tumours. Our results are in

Can J Surg/J can chir 2023;66(1) E83
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Fig. 2. Median overall survival after diagnosis in the overall
cohort (A), in patients with junctional tumours (B) and in
patients with gastric tumours (C), comparing the prognosis
of patients with mismatch repair-deficient (dMMR) tumours
and those with mismatch repair-proficient (pMMR)
tumours.
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line with the clinical correlates described in gastric carcin-
omas and corroborated in a meta-analysis.!” In our data set,
the dMMR gastric tumours recapitulated the trends seen in
the overall cohort, although without achieving statistical
significance, possibly owing to a smaller sample.

Several studies have likewise outlined the predictive value
of MMR status, both in colorectal adenocarcinomas and,
increasingly, in their gastroesophageal counterparts. The
dMMR/MSI-H carcinomas have been shown to be associ-
ated with no benefit and, in some instances, a negative effect
of chemotherapy.'*'¢ In contrast to the findings reported by
Smyth and colleagues? in the post hoc analysis of the
MAGIC trial, there was no difference in overall response
rates to neoadjuvant chemotherapy in dMMR and pMMR
tumours in our cohort. This difference may be related to
our study design: since our analysis was carried out on resec-
tion specimens, cases with complete pathologic response
were invariably excluded. Other factors explaining the dif-
ference include the distinct chemotherapy regimens used
and cohort size. Although the regimen in both the MAGIC
trial and our study included fluorouracil, we additionally
used taxane-containing compounds. Better understanding of
regimen-specific therapy response and toxicity profiles in
upper gastrointestinal AMMR carcinomas is critical, particu-
larly since this immunophenotype is more prevalent in older
patients, who are more likely to present with other comor-
bidities. Omitting chemotherapy in locally advanced
dMMR/MSI-H gastroesophageal adenocarcinoma, as has
been considered by some authors,”!® may be premature;
our data do not support this notion, as some response to
chemotherapy was seen in this cohort of patients. Chemo-
responsiveness in these tumours requires further, prospect-
ive investigation with larger dMMR cohorts. The recent
addition of immune checkpoint inhibitors such as pembroli-
zumab!? to the therapeutic arsenal for upper gastrointestinal
tract carcinomas can open new therapeutic alternatives for a
carefully selected population of patients. The option of neo-
adjuvant immunotherapy for patients with resectable
dMMR tumours needs to be further investigated.

The predominant immunophenotype seen in our study
was the combined loss of MLHI staining and PMS2. In
colorectal adenocarcinomas, this pattern of MMR defi-
ciency is seen predominantly in sporadic carcinomas and is
strongly associated with BRAF V600E mutation in the
context of the classic hypermethylation pathway of carcin-
ogenesis.”*?% Interestingly, however, this mutation is
strikingly absent in MLH1-deficient gastric carcinoma®
and in upper gastrointestinal tract carcinomas overall.?’
"The absence of the classic BRAF alteration was also seen in
junctional dAMMR tumours in our study, which suggests an
alternative mechanism of MLHI1 loss in all upper
gastrointestinal tract carcinomas. Non-V600E BRAF alter-
ations such as codon 594-mutated and 596-mutated
variants have rarely been described in colorectal adenocar-
cinomas.’**!' However, to our knowledge, no significant
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Table 2. Clinicopathologic characteristics substratified by tumour location

Junctional tumours; no. (%) of patients* Gastric tumours; no. (%) of patients*
pMMR dMMR pMMR dMMR
Characteristic n=2383 n=15 pvalue n=>52 n=13 pvalue
Age, mean = SD, yr 66 +9 72 £ 11 0.02 68 + 12 75+ 16 0.1
Male sex 63 (76) 10 (67) 0.7 36 (69) 10(77) 0.8
Clinical stage
Early (I-11) 14 (17) 6 (40) 0.09 25 (48) 2(15) 0.07
Locally advanced (Ill) 69 (83) 9 (60) 27 (562) 11 (85)
Neoadjuvant therapy
None 18 (22) 7 (47) 0.07 31 (60) 5 (38) 0.4
Chemotherapy 63 (76) 7 (47) 21 (40) 6 (46)
Chemoradiotherapy 2(2) 1(7) 0(0) 0(0)
Missing 0(0) 0(0) 0(0) 0(0) 2(15)
Tumour grade
Well differentiated 3(4) 2(13) 0.3 1(2) 1(8) 0.2
Moderately differentiated 35 (42) 6 (40) 18 (35) 7 (54)
Poorly differentiated 45 (54) 7 (47) 33 (63) 5(38)
Pathologic stage
| 5 (6) 4(27) 0.04 11(21) 3(23) 0.4
Il 9(11) 3(20) 14.(27) 6 (46)
1 54 (65) 7 (47) 23 (44) 4(31)
I\ 15 (18) 1(7) 4(8) 0(0)
No. of positive lymph nodes, 4(2-12) 1(0-3) 0.005 2 (0-6) 1(0-9) 0.6
median (IQR)
Lymph node status
NO 10(12) 7 (47) 0.008 15 (29) 6 (46) 0.5
N1 (1-2) 17 (20) 2(13) 12 (23) 2 (15)
N2 (3-6) 22 (26) 4(27) 13 (25) 1(8)
N3 (=7) 34 (41) 2(13) 12 (23) 4(31)
Survival analysis
90-day mortality 8(10) 3(20) 0.5 2(4) 0(0) 0.9
Overall survival, median 1.9(1.3-2.6) 4.6 (3.4-5.9) 0.008 3.0(2.2-6.7) 5.6 (1.9-9.3) 0.6
(95% Cl), yrt
Cl = confidence interval; dMMR = mismatch repair—deficient; IQR = interquartile range; pPMMR = mismatch repair—proficient; SD = standard deviation.
*Except where noted otherwise.
THazard ratio 2.97 (95% Cl 1.27-6.94) for junctional tumours and 1.29 (95% Cl 0.54-3.07) for gastric tumours.

Table 3. Treatment response substratified by tumour location

Junctional tumours; no. (%) of patients Gastric tumours; no. (%) of tumours
pMMR dMMR pMMR dMMR
Response n=59 n=7 p value n=17 n=>5 p value
Near-complete 2(3) 0(0) 0.8 0(0) 0(0) 1.0
Partial 15 (25) 2(29) 0.8 7 (47) 2 (40) 1.0
Poor/none 42 (72) 5(71) 0.8 10 (59) 3(60) 1.0
dMMR = mismatch repair-deficient; pMMR = mismatch repair—proficient.

association between these mutations and MSI has been  gestive of Lynch syndrome in a colorectal setting. Further
reported, which decreases the likelihood of their involve-  molecular characterization of our cohort and study of addi-
ment in upper gastrointestinal tract tumours. Although a  tional upper gastrointestinal tract tumours are required to
single BRAF V600E-positive case of pMMR GEJ adeno-  better understand the mechanistic basis and genetic under-
carcinoma was identified in our cohort, the biologic sig-  pinnings of MMR deficiency in upper gastrointestinal tract
nificance of this alteration remains to be determined, and  carcinomas.

systematic screening of upper gastrointestinal tract carcin- Similarly, further studies are needed to expand our
omas appears to be unjustified given the currently available  understanding of the link between MMR deficiency/MSI
literature. On the other hand, 3 cases in our cohort showed  and improved survival. It is widely accepted in the setting
a pattern of MMR deficiency that would be strongly sug-  of colorectal dMMR carcinomas, and increasingly in their
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gastric counterparts, that a dysfunctional MMR system
results in an increased tumour mutational burden and, con-
sequently, increased tumour immunogenicity.®!83233
Accordingly, both colorectal and gastric IMMR/MSI-H
tumours have been shown to induce a prominent adaptive
immune reaction, as evidenced by the presence of tumour-
infiltrating cytotoxic lymphocytes.**37 In colorectal carcin-
oma, this immune phenomenon has been shown to explain
at least in part the positive clinical outcome.’** Although
the focus of our study was not mechanistic, it is reasonable
to suspect that similar interplay between tumour immuno-
genicity and host response plays a critical role in the clinical
outcome of patients with gastroesophageal AIMMR/MSI-H
adenocarcinomas. Further characterization of immune
microenvironment in upper gastrointestinal malignant
tumours is imperative.

Limitations

Our ability to extrapolate our data to a broader context is
limited in that our cohort contained mainly patients from an
urban setting. Another limitation stems from the study’s
experimental design. As the immunohistochemical screening
was carried out on surgical resections, we could not include
cases with no residual tumour, thereby artificially excluding
all the cases with a complete pathologic response. However,
given that the latter cases are likely to represent only a min-
imal proportion of our defined study population, it is unlikely
that their exclusion had a significant effect on our evaluation
of treatment response. In addition, the immunohistochem-
ical screening of the tumours was performed predominantly
with TMAs, which can limit interpretation in the context of
possible intratumoural heterogeneity of MMR protein
expression, as seen in colorectal adenocarcinomas.’® To
address this issue, we used multiple tumoural cores, both pri-
mary and metastatic, and confirmed the diffuse MMR loss
on full sections of the tumours, and observed concordance.
Although correlation between the MMR immunophenotype
and MSI status was not confirmed on molecular testing,
extensive data support a high rate of concordance between
the 2 techniques and near-equivalent value in predicting
underlying genetic mutations.”®* Finally, we had difficulty
determining the anatomic origin of the tumour accurately,
particularly in patients who had received neoadjuvant ther-
apy. Given that the distinction between esophageal/
junctional and gastric tumours was of particular interest in
our study, we devoted an additional effort to reviewing the
pathologic description of the resected lesions and correlating
the described location with the radiologic localization.

ConcLusion
Our findings show that the dMMR immunophenotype can
be seen in a substantial proportion of upper gastrointes-

tinal tract carcinomas and, most important, has meaningful

E86 Can J Surg/J can chir 2023;66(1)

prognostic implications. Although these findings have been
previously limited to gastric adenocarcinomas, we found an
association between the dMMR immunophenotype and
overall survival, specifically in the GEJ cohort. This high-
lights the clinical significance of determining the MMR
status in all adenocarcinomas of the upper gastrointestinal
tract. However, the implication that dMMR status has for
treatment strategies remains controversial, as our data do
not show a differential chemoresponse according to

dMMR status.
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