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ABSTRACT

Background: Rapid and accurate identification of mismatch repair (MMR) deficiency and Lynch syndrome is critical in the
prognostication and clinical management of patients with colorectal carcinoma.

Case Description: We describe here a young woman who developed a locally aggressive rectal adenocarcinoma with intact
MMR protein expression by immunohistochemistry and absence of histologic evidence of MMR deficiency-associated increased
tumoral immune response. Germline DNA-targeted sequencing identified MSH2 variant p.R711P, initially classified as a vari-
ant of undetermined significance. Somatic tumoral DNA analysis revealed the identical MSH2 variant, high tumor mutational
burden, and microsatellite instability, in addition to superimposed alterations in $2-microglobulin gene, possibly explaining the
altered intratumoral immunity. Consequently, the patient was started on immunotherapy, leading to successful disease control
(33 month follow-up).

Conclusion: The findings emphasize the utility of an integrative approach in the assessment of MMR status for determining
candidacy for immunotherapy, especially in the setting of missense variants in MMR genes.

1 | Introduction increased risk of a wide spectrum of cancers, including colorec-

tal, gynecological, upper gastrointestinal, and genitourinary

DNA mismatch repair (MMR) system plays a critical role in
maintaining genome integrity by identifying and correcting
single-base mismatches and short insertion and deletion loops
that may occur during replication and recombination [1]. Defects
in the key effectors of the MMR system lead to variation in short
tandem DNA sequences termed microsatellites, that is microsat-
ellite instability (MSI), and are observed in up to 25% of various
sporadic tumors [2]. Germline alterations in MMR genes cause
an autosomal dominant Lynch syndrome characterized by an

cancers.

In humans, the MMR system comprises several heterodimers
acting in a cascade of sequential steps. The mismatch recogni-
tion and initiation of repair is carried out primarily by MutSa
complex, composed of MutS homologues 2 (MSH2) and 6
(MSHS6) [3-5]. This complex then recruits the MutLa subunit,
formed by MutL homologues MLH1 and PMS2, which orches-
trates the mismatch excision and resynthesis. Several additional
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and redundant players, such as MSH3 and PMS1, but MLH1,
MSH2, and MSH6, have been identified, and PMS2 represent
the most common targets of MMR defects.

Recognition of these molecular events led to the development
of germline multigene testing strategies for the diagnosis of
Lynch syndrome patients [6-8]. Since population-wide ger-
mline testing is not feasible, several cost-effective screening
algorithms have been additionally established to select the at-
risk patients and create preventive opportunities for them and
their relatives, such as intensive surveillance and risk-reducing
surgeries. Central to the screening initiatives is the universal
screening of colorectal and endometrial adenocarcinomas for
MMR deficiency, which has become widely integrated within
North American and European practice in the past decade
[8-10]. The testing is most commonly performed by immuno-
histochemistry, using antibodies to MLH1, MSH2, MSH6, and
PMS2, as this constitutes a rapid, relatively inexpensive, and
readily accessible technique [11, 12]. Alternative methods fo-
cusing on the resultant MSI can be used, including polymerase
chain reaction-based detection of insertion/deletion mutations
in a select group of microsatellite loci [13] or next-generation
sequencing (NGS)-based assessment of all available microsat-
ellite loci paired with quantification software such as MSI sen-
sor [14]. However, the latter approaches are considerably more
labour-intensive and costly. In addition to guiding the genetic
testing directly, the results of MMR/MSI testing can be inte-
grated with clinical parameters into risk assessment models
such as MMRpredict and MMRpro for further patient selection
and prognostication [15-17].

Outside of the context of Lynch syndrome, MMR testing has a
well-established prognostic and predictive role in sporadic col-
orectal adenocarcinomas. The presence of MMR deficiency has
been associated with better prognosis in BRAF-wild type col-
orectal cancers but appears to reduce the benefit of fluorouracil-
based chemotherapy [18, 19]. More recently, MMR deficiency
became an important predictor of response to PD-1/PD-L1
blockade [20, 21], further highlighting the clinical importance
of MMR immunohistochemistry.

While loss of immunohistochemical reactivity can provide gen-
eral information regarding the deficient protein, the specific al-
terations in MMR genes are more difficult to pinpoint given the
underlying extensive molecular heterogeneity, with over 3000
unique germline sequence variants of MMR genes recorded
in the International Society for Gastrointestinal Hereditary
Tumors (InSiGHT) database (www.insight-group.org; last ac-
cessed on August 25, 2024) [22, 23]. This adds to several thou-
sands of reported variants of unknown significance (VUS),
which further increases the complexity of efficient and accurate
diagnosis of MMR deficiency. However, the precise diagnosis
has important clinical, prognostic, and therapeutic implica-
tions, including indication for checkpoint inhibitor treatment
[20, 21].

We report here a case of a young patient who presented with
locally aggressive rectal adenocarcinoma, which demonstrated
intact MMR proteins by immunohistochemistry. Subsequent
demonstration of MSI by NGS-based in-house custom pipe-
line for MSI determination in the context of a unique germline

missense MSH2 variant led to successful disease control with
immunotherapy.

2 | Case Description
2.1 | Clinical History

A 35-year-old female patient presented to the University of
Chicago Medical Center with a history of long-standing pel-
vic pain and new onset rectal bleeding in February 2020.
Colonoscopy demonstrated a large rectal mass which upon im-
aging revealed a 10-cm tumor arising from upper/mid-third of
rectum, extending into vagina anteriorly and into pelvic floor
muscle posteriorly (Figure 1A,B). The patient was treated with
neoadjuvant capecitabine and concomitantly received 45Gy ra-
diation to the pelvis with a sequential rectal boost to 50.4 Gy at
1.8 Gy per fraction. She subsequently underwent a total procto-
colectomy with en bloc removal of uterus, adnexa, and vagina,
ileostomy reconstruction and neovagina reconstruction. The
pathology revealed residual invasive rectal adenocarcinoma in-
vading the vaginal wall, staged as ypT4bNO. There was no ev-
idence of tumor regression (poor treatment response, score 3).
The patient completed an adjuvant course of mFOLFOX with
radiological evidence of remission, but within a month was dis-
covered to have a neovaginal mass that was biopsy-confirmed to
be rectal adenocarcinoma (Figure 1C,D).

2.2 | Pathologic Examination and Germline
Sequencing Analysis

The initial colonoscopic biopsies revealed a large rectal mass as
well as a sigmoid colon polyp, which were diagnosed as a mod-
erately differentiated rectal adenocarcinoma and a tubular ad-
enoma, respectively. Immunostains for MMR proteins MLH1,
MSH2, MSH6, and PMS2 all showed intact nuclear expression
in adenocarcinoma cells. The resection specimen demonstrated
a large rectal mass (Figure 2), which on microscopic examina-
tion revealed identical conventional adenocarcinoma morphol-
ogy without any histologic features suggestive of MSI such as
increased tumor-infiltrating lymphocytes (TILs), Crohn-like
lymphoid reaction, poor differentiation or mucinous, signet
ring, or medullary components (Figure 3A-C). The repeat
MMR panel of MLH1, MSH2, MSH6, and PMS2 antibodies,
reviewed by two gastrointestinal pathologists, was again intact
(Figure 3D-G). The neovaginal mass was also confirmed to be
rectal adenocarcinoma with conventional morphology without
histologic features of MSI.

Given the unusual presentation and young age, the patient was
referred to genetic counseling that revealed a maternal family his-
tory of multiple cancers, including colonic (two aunts, one uncle,
grandfather, three great uncles), endometrial (mother, aunt, great
aunt), brain (aunt, uncle), and pancreatic (great uncle) cancers and
leukemia (aunt). Genomic DNA testing identified a heterozygous
€.2132G > C missense mutation in exon 13 of MSH2 gene, leading
to a substitution of arginine with proline at codon 711. This alter-
ation has been previously described in a Serbian family fulfilling
revised Amsterdam criteria and was predicted to be deleterious
in in silico analyses [24]. Nevertheless, the genomic DNA testing
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FIGURE1 | Preoperativeand postoperative radiologic assessment of the rectal adenocarcinoma. (A, B) Preoperative Axial MRI T2WIdemonstrates
a large rectal mass with significant exophytic component, extending to the mesorectal fat and invading the mesorectal fascia (yellow arrows) and

vagina (white arrows). (C, D) Postoperative axial CT exam of the pelvis with intravenous contrast reveals a recurrent mass (yellow arrows), with

satellite nodule in the left pelvis (white arrow). (E, F) Post-immunotherapy axial CT image of the pelvis with intravenous contrast shows a significant

decrease in the mass following therapy. Small amount of residual soft tissue is present in the location of the recurrent mass seen on prior exam

(yellow arrows) and a satellite nodule (white arrow).

report classified the variant as a VUS at the time of the initial
testing. The patient's report was subsequently amended, and the
MSH?2 variant was reclassified as pathogenic. The amended re-
port provided a generic comment for amendment without specific
details.

2.3 | Circulating Tumor DNA (ctDNA)
and Somatic NGS Results

Given disease recurrence, the patient underwent a liquid
biopsy to obtain further molecular characterization of her
disease. The ctDNA analysis revealed an increased tumor mu-
tational burden of 180.25 mutations/megabase, solidifying the
possibility of a microsatellite unstable cancer. Concomitantly,
the somatic mutational makeup of the neovaginal tumor
was assessed with a targeted hybrid capture 155-gene panel
(Table 1). The MSH2 ¢.2132G > C variant was redemonstrated,
with allele frequency of 84%, consistent with a germline al-
teration and a loss of heterozygosity event. Most importantly,
the tumor was confirmed to be microsatellite unstable with
an associated tumor mutational burden of 45 mutations per
megabase of interrogated genomic sequence. Additionally,
two somatic mutations within [2-microglobulin gene,
c.244_247del and c.43_44dup, were identified. An essen-
tial component of MHC class I molecules, 32-microglobulin
plays a critical role in tumoral recognition by cytotoxic T cells

[25] and could provide additional explanation for the lack of
Lynch-like histologic features in the current case.

2.4 | Treatment of Recurrent Disease
and Follow-Up

Based on the interim diagnosis of Lynch syndrome and demon-
stration of MSI, the patient's pelvic recurrence was treated with
pembrolizumab monotherapy, which resulted in a marked
reduction in pelvic disease (Figure 1E) and eventually a near
complete radiographic response. Due to the toxicity of grade 3
arthralgias despite treatment, the immunotherapy was held
after 54weeks of therapy. The patient continued to have a rel-
atively stable radiographic response as well as negative tumor-
informed molecular residual disease assay (Signatera) and
tumor markers to date, a total of 33 months since initiation of
immunotherapy and follow-up. She has had no evidence of met-
astatic disease and no detectable ctDNA at 8, 11, 14, 17, 21, 24,
and 27 months follow-up.

3 | Discussion
The present report provides a germline and somatic genetic

characterization of a locally aggressive rectal adenocarcinoma
in a young patient with germline MSH2 p.R711P variant.
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FIGURE 2 | Macroscopic assessment of the rectal adenocarcinoma.
Gross image of the resected portion of sigmoid colon with fragmented
anus and vagina as part of total proctocolectomy with en-bloc removal
of uterus, adnexa, and vagina, showing a large friable tumor (black
arrow) involving mid rectum with perforation through the tumor and
invasion into the vaginal wall (red arrow).

Despite intact immunoexpression of MSH2 and other MMR
proteins and lack of classical histologic evidence of increased
immunologic response, NGS-based identification of MSI in the
setting of MSH2 mutation allowed for accurate diagnosis and
the appropriate patient selection for immunotherapy with pem-
brolizumab leading to sustained response.

While MMR deficiency has been widely established as the caus-
ative mechanism of Lynch syndrome, the precise underlying al-
terations in MMR genes display extensive molecular heterogeneity
[22, 23]. Given the critical clinical implications, continuous effort
is needed to further characterize the reported variants, particu-
larly in instances where the diagnosis of Lynch is difficult to con-
firm, such as small families or atypical clinical presentations. As
demonstrated by the current case, the clinical contextualization
and the correct classification of MSH2 p.R711P variant were criti-
cal for the appropriate diagnosis and treatment of this patient.

Like MLHI and MSH6, most MSH? alterations are truncating mu-
tations, mainly nonsense or frameshift mutations [23]. The con-
sequent loss of protein expression is at the basis for the utility of
the immunohistochemistry as a quick and cost-effective screening
tool for MSI and Lynch syndrome. In the present case, however,
despite several attempts on various tumoral tissues, the MMR
immunohistochemistry failed to demonstrate MSH2 deficiency.

False negative immunohistochemistry results usually occur in
two settings. Firstlyy, MMR deficiency phenotype may uncom-
monly result from alterations in the additional players of the MMR
machinery, such as MSH3 or PMS1, and therefore occur with in-
tact MLH1, MSH2, MSH6, and PMS2 proteins. Another scenario,
more applicable to the current case, is that of MMR deficiency re-
sulting from an MMR gene alteration that leads to loss of function
but preserved structure or antigenicity of the protein, as has been
described in approximately 6% of microsatellite unstable cancers
[26]. 1t is likely that the arginine to proline substitution at codon
711 does not interfere significantly with MSH2 protein production
but rather affects its ABC-ATPase domain spanning residues 620-
855 of exons 7 through 13 [27]. Although the detailed mechanism
remains controversial, the ATPase activity of MSH2 and its het-
erodimerization partner MSH6 is critical in the ability of MutSa to
recognize mispaired or unpaired bases and recruit MutLa complex
[5], supporting the pathogenic impact of this genomic alteration.

A compounding diagnostic challenge in the current case was
the complete absence of classical morphologic features of Lynch
syndrome, including TILs and Crohn-like lymphoid aggregates.
The identification of two pathogenic variants of 32-microglobulin
gene, c.244_247del and c.43_44dup, provides a potential expla-
nation for this phenotype. The constant 32-microglobulin light
chain forms a complex with the variable heavy chain and anti-
gen peptide to produce a functional MHC class I molecule that
interacts with T-cell receptor and activates cytotoxic T cells [12].
Interestingly, f2-microglobulin gene contains several micro-
satellite repeats in its coding regions and is therefore prone to
alterations in MMR-deficient tumors, particularly small inser-
tions and deletions as seen in the current case [28]. It is conceiv-
able that 32-microglobulin mutations would lead to the loss of
a functional MHC class I molecule, which can in turn modu-
late tumoral antigenicity, immune microenvironment and/or T
cell response, leading to loss of the classical Lynch-associated
histologic features. This concept has been proposed to explain
worse prognosis and poor response to immunotherapy seen in
association with 32-microglobulin gene alterations in some stud-
ies [25, 29]. However, other authors have demonstrated positive
immunotherapy outcomes in f2-microglobulin-mutated cases,
as seen in the current patient, through proposed mechanisms
such as activation of CD4* T cell-predominant response and re-
tention of MHC class I molecules [30, 31]. This emphasizes the
complexity of the interacting factors in cancer immunogenicity
and immunotherapy and highlights the need for further charac-
terization of factors predictive of checkpoint inhibitor response.

Its localization within the highly conserved ABC-ATPase do-
main, its association with the clinical features of Lynch syn-
drome in the current patient's case and a previously described
family [24], and the segregation studies are all in support of the
pathogenic nature of MSH2 p.R711P variant. However, the main
limitation in the present report remains the absence of func-
tional studies confirming the deleterious effect of this alteration.
This is currently palliated by bioinformatics algorithms unani-
mously predicting a pathogenic impact on protein structure and
function [24], but future work will be needed to confirm the bio-
logical effect of this alteration.

In conclusion, we presented a case of a young woman with lo-
cally advanced rectal adenocarcinoma with no histologic or
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FIGURE 3 | Microscopic assessment of the rectal adenocarcinoma. (A, B) The microscopic sections from the total proctocolectomy with en-
bloc removal of uterus, adnexa, and vagina show moderately differentiated colonic adenocarcinoma directly invading through the colonic wall
(A, black arrow; original magnification 10x, scale bar=2mm) and into vagina (B, black arrow; original magnification 20X, scale bar =500 um).

The tumor shows no histologic features to suggest microsatellite instability, including mucin production, poorly differentiated adenocarcinoma,

signet ring component, or Crohn's-like lymphoid aggregates. (C) Higher magnification reveals the absence of tumor-infiltrating lymphocytes in the

peritumoral stroma (black arrow; original magnification 200X, scale bar =100 um). (D-G) Immunohistochemistry for MLH1, MSH2, MSH6, and

PMS2, respectively, shows intact nuclear staining (original magnification 20X, scale bar =400 um).

TABLE1 | Select pathogenic alterations identified in the neovagina tumor.

Gene Alteration Variant allele frequency
MSH2 €.2132G>C, p.R711P (NM_000251.3) 84%

APC c.471G> A, pW157* (NM_000038.6) 33%

ARIDIA c.5548del, p.D1850Tfs*33 (NM_006015.6) 34%
B2-microglobuline c.244_247del, p.F821fs*20 (NM_004048.4) 31%
B2-microglobuline c.43_44dup, p.S16F{s*29 (NM_004048.4) 35%

PIK3CA ¢.328_330del, p.E110del (NM_006218.4) 34%

Ancillary findings

Tumor mutational burden

Microsatellite instability

45.0 mutations per megabase

Detected

immunohistochemical evidence of MMR deficiency but with
NGS-based identification of MSI in the setting of a missense
MSH?2 variant that allowed for appropriate immunotherapy
with a sustained response. Beyond this specific variant, this

report highlights the importance of an integrative, multimodal-
ity approach to the diagnosis of MMR deficiency, which is essen-
tial for the appropriate recognition of syndromic patients and
accurate prognostic and therapeutic guidance.
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