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Abstract: The increasingly widespread use of immunohistochemistry and next-generation
sequencing (NGS) in the detection of microsatellite instability (MSI) and DNA mismatch
repair (MMR) status has led to the observation of various unusual tumour types that exhibit
MMR protein deficiency in Lynch syndrome (LS). Here, we report a case of two synchro-
nous colorectal cancer (CRC) tumours simultaneously occurring in a 42-year-old woman
with a deleterious germline mutation in MSH6, abundant expression of PD-L1 and high
tumour mutation burden (TMB). The two CRC tumours (tumours A and B) harboured highly
heterogeneous features. One showed loss of MSH6 protein and a microsatellite stable (MSS)/
MSI-low (MSI-L) status, while the other presented no loss of MMR protein and MSI-H
status. Furthermore, the 9 common mutated genes between the two CRC tumours had no
shared mutation sites. Only 4 KEGG pathways were identified as enriched for five of the
common mutated genes, while 8 cancer-related pathways were identified as enriched for 9
and 13 unique mutated genes in tumours A and B, respectively. Therefore, we chose immune
checkpoint inhibitors (ICIs) as the potential therapy. This case exemplifies the complexity of
tumorigenesis and potential ICI treatment in LS patients.
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Plain Language Summary

The increasingly widespread use of immunohistochemistry and next-generation sequencing
in the detection of microsatellite instability (MSI) and DNA mismatch repair (MMR) status
has led to the observation of various unusual tumour types that exhibit MMR protein
deficiency in Lynch syndrome. Here, we report a case of two synchronous colorectal cancer
tumours simultaneously occurring in a 42-year-old woman with a deleterious germline
mutation in MSH6, abundant expression of PD-L1 and high tumour mutation burden. The
two CRC tumours harboured highly heterogeneous features. This case exemplifies the
complexity of tumorigenesis and potential immune checkpoint inhibitors treatment in LS
patients.

Introduction

Colorectal cancer (CRC) is the third-most common type of cancer in China.' Lynch
syndrome (LS) is the most common autosomal dominant CRC susceptibility syn-
drome, accounting for 1-3% of all CRC cases.” Individuals with LS-related CRC
exhibit several characteristics that differ from those who have sporadic CRC.
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Tumours harbouring a deficient mismatch repair (MMR)
system owing to germline, somatic or epigenetic inactiva-
tion account for 20% of CRC tumours.’

LS is caused by pathogenic germline mutations in any
one of four key DNA MMR genes: 60-80% of cases are
caused by MLH1 and MSH2 germline mutations, a small
proportion of cases are caused by MSH6 and PMS2 germ-
line mutations, and EpCAM germline mutations are rare.”*

In addition to the continuous advancement of the
understanding of the clinical phenotype of LS, the genetic
characteristics and tumour mutation burden (TMB) infor-
mation provided by second-generation sequencing can be
used as new biomarkers of LS. In particular, microsatellite
instability (MSI) has also been found to be an important
biomarker predicting a lack of benefit from fluoropyrimi-
dine monotherapy®> but a benefit from anti-programmed
cell death-1 (PD-1) therapy®’ for CRC.

Only a few mutations are shared amongst most color-
ectal tumours, and each tumour has a unique combination
of genetic alterations.® Therefore, it is likely that no 2
CRC tumours are exactly alike, a daunting consideration
for rational planning for treatment.

With the goal of better understanding the occurrence
and treatment of CRC in LS patients, we herein report
a case of a woman who carried a pathogenic germline
mutation in the MSH6 gene and simultaneously developed
2 highly heterogeneous tumours, one of which was MSS/
MSI-L and the other of which was MSI-H. The clinical,
pathologic and genetic findings of our case are presented.

Case Presentation
A 42-year-old woman diagnosed with rectal adenocarci-
noma had 2 distinct masses in the rectum: one was 4 cm
from the anus (mass A), and the other was 5-8 cm from
the anus (mass B). A preoperative colonoscopic biopsy
was performed, and the diagnosis was adenocarcinoma.
The patient subsequently underwent extended radical
resection of the rectal tumours, and the postoperative
pathological stage was as follows: AJCC 8th edition
pTNM stage pT3NOMO. The histologic examination find-
ings of mass A were consistent with invasive carcinoma
(pT3). The tumour was 3.5 cm in greatest dimension and
had features most similar to those of adenocarcinoma.
Notably, the tumour did not exhibit vascular invasion,
nerve invasion, invasions of the vessels outside the intest-
inal wall or lymphatic metastasis on immunohistochemis-
try (IHC) assessment (0/17). The Ki67 IHC result was
90%. Mass B invasive

also showed features of

adenocarcinoma on histologic examination, as did mass
A, and was 6 cm in greatest diameter. The two masses
were found to be highly heterogeneous through IHC, next-
generation sequencing (NGS) and tumour immune micro-
environment (TIME) analyses.

Notably, the two masses harboured completely differ-
ent MMR/MSI statuses according to IHC and NGS ana-
lyses. Mass A demonstrated deficient MMR (dMMR);
specifically, there was an absence of MSH6 protein but
normal expression of MLH1, MSH2 and PMS2. Mass
B expressed all 4 MMR proteins and was therefore
deemed to have proficient MMR (pMMR) (Figure 1).
Furthermore, the mass A was MSS/MSI-L and had high
TMB (60.93 mutations/Mb, percentage: 99.33%); in con-
trast, mass B was MSI-H and had high TMB (53.3 muta-
tions/Mb, percentage: 99.22%). Germline mutation
analysis of the MMR genes identified the ¢.1483C>T p.
R495* mutation in MSH6 and the KRAS p.G13D muta-
tion in mass A and the p.G12D mutation in mass B;
however, BRAF V600E mutations were not detected in
either tumour. Notably, previous studies showed that 93%
of cases have dAMMR and are MSI-H. If only the MSH6
protein is absent, the MSI status might be MSI or MSS.
However, approximately 7% of cases show inconsistent
characteristics.”!! Thus, we detected that the two masses
harboured very different, and even inconsistent, MMR/
MSI statuses.

The two masses were found to have genetic heteroge-
neity under further sequencing. By NGS, the tumours
harboured 3 gene mutations with strong clinical signifi-
cance in treatment, prognosis or diagnosis, 3 gene muta-
tions with potential clinical significance, and 115 gene
mutations with unknown clinical significance. Notably,
the 9 mutually mutated genes between the two CRC
tumours had no identical mutation sites. This finding high-
lighted that the two tumours were highly heterogeneous.
The genetic features of the two tumours were also highly
heterogeneous. Only 4 KEGG pathways, including the
RTK/RAS, NOTCH, WNT and TGF beta pathways, were
enriched by five of the mutually mutated genes. In con-
trast, we found that the 2 tumours harboured at least 22
unique mutated genes (9 in tumour A vs 13 in tumour B),
such as ATM, EGFR, CDKN2A, ALK, ROSI, and NTRK]I.
These mutations showed enrichment of 8 cancer-related
KEGG pathways, including the RTK/RAS, Notch, PI3K,
P53, cell cycle, Hippo, Wnt, and TGF beta pathways.
Therefore, the patient harboured two highly heterogeneous
masses with an inconsistent MMR/MSI status.
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Figure | Heterogeneous morphology, MMR protein expression and PD-L| expression patterns of the 2 synchronous rectal tumours (masses A and B) in the LS patient.
(A and G) HE staining of masses A and B showing the classic protruding pattern of adenocarcinoma growth. The IHC staining of mass A showed intact expression of MLH |
(B), PMS2 (C), MSH2 (D), and PD-LI (F) in addition to loss of expression of MSHé6 (E). Mass #B showed intact expression of MLH | (H), PMS2 (1), MSH2 (J), MSH6 (K) and

PD-LI (L). All images were collected at 100% magnification.

Furthermore, we speculated that the patient was eligi-
ble for immune checkpoint inhibitor (ICI) strategies. Both
masses had positive programmed cell death ligand 1 (PD-
L1) (Ventana, clone SP142) expression. Mass A showed
predominant positive (3+) PD-L1 expression, including
70% positivity for tumour cells and 3% positivity for
immune cells. Mass B presented strong positive PD-L1
expression; however, it had less than 1% positivity for
tumour cells and 5% positivity for immune cells
(Figure 1). On the other hand, the combined positive
score (CPS) results for masses A and B were 30 and 5,
respectively. In particular, the CD8+ T cell proportions in

the two CRC tumours were 9.07% and 6.63%, respectively
(Figure 3). In addition to the MSI-H and high TMB
statuses, there were CD8"PD-1" T cells and CD68PD-
L1" macrophages (Figure 3). The HLA-I molecules were
of the hla-b44 supertype, which are positive indicators for
immunotherapy. Considering the numerous markers indi-
cating the potential of immunotherapy, including MSI-H,
high TMB, presence of CDS8'PD-L1" cells and CD68 " PD-
L1" macrophages, and the HLA-b44 supertype, ICI strate-
gies had the potential to be effective.

The patient’s family history fulfilled the Amsterdam II
criteria. Specifically, the patient’s mother, brother and
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Figure 2 The patient’s pedigree. The proband had rectal cancer and carried the MSH6 p.R495* germline mutation. Similarly, the individuals (the patient’s mother and the
patient’s brother) without cancers carried the MSH6 p.R495* germline mutation. One of the patient’s uncles had colon cancer but did not undergo NGS assessment.

sister agreed to undergo NGS assessment. Both the
patient’s mother and brother, but not her sister, were
found to have the MSH6 p.R495* germline mutation
(similar to the patient). In addition, one of the patient’s
uncles was affected by colon cancer without detailed
information (Figure 2). Given the patient’s MMR status
and family history, she was diagnosed with LS.

Adjuvant treatments included pelvic radiotherapy and
chemotherapy in the form of three cycles of the XELOX
regimen. The patient has remained alive up to the writing
of this manuscript (April 10, 2021) without tumour recur-
rence or metastasis. The institutional review board of West
China hospital, Sichuan University approved the use of
health data in this research, and approved the publication
of this case report. And informed consent was also
obtained from the patient and the family for the publica-
tion of this case report.

Discussion

LS offers an illustrative example of substantial progress
that has been made in understanding the genetic basis of
human diseases with technical developments. LS is well
defined in terms of specific genes, and the genetic chal-
lenges that remain mainly concern optimal detection meth-
ods and the prognosis of variant-specific therapies. In our
case, the patient with LS had two heterogeneous colorectal
tumours. Patient with CRC are recommended to undergo
systematic screening for LS, consisting of MSI and MMR
assessment, followed by further appropriate analyses,
including BRAF-V600E mutation and germline mutation

testing.'? This “universal” screening approach, especially
considering its use of high-throughput sequencing, which
is gradually replacing single protein-based methods, is
likely to multiply the total numbers of MMR gene muta-
tions that need to be annotated for pathogenic significance
in germline mutation detection.'?

Previous studies about anti-PD-1 therapy in advanced
dMMR CRC have shown a response rate of only approxi-
mately 32-53%.%"'* Primary resistance, which is closely
related to the TIME, especially tumour infiltrating lym-
phocytes (TILs), is one of the main reasons for the failure
of ICI treatment.'>'® The TIL content can reveal prognos-
tic and immunotherapy response information for cancers.
In particular, increased abundances CD8"/CD*" T cells,
CD45RO" T cells, M1 macrophages, mature dendritic
cells (DCs) and natural killer (NK) cells in the tumour
area and stroma but a decreased abundance of infiltrating
regulator T (Treg) cells indicates a generally positive
prognosis and satisfactory effectiveness of immunotherapy
in cancers; the oppose relationships are also true.'” Our
data showed that CD8" T cells, CD8'PD-1" T cells and
CD68'PD-L1" macrophages were present in both CRC
tumours (Figure 3). Thus, we speculated the patient
would benefit from ICIs based on her TIME characteris-
tics. Notably, some metastatic CRC (mCRC) patients with
MSI-H have primary resistance to ICIs. According to data
from Keynote-177, the progression-free survival (PFS)
curves for ICI therapy and chemotherapy crossed before
6 months. Considering that immunotherapy might take
effect slowly, the proportion of patients with disease
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Figure 3 Assessment of the TIME via multiplex IHC (mIHC). (A and F) The green fluorescence indicates CD8" T cells. (B and G) The pink fluorescence indicates PD-1
expression. (C and H) The yellow fluorescence indicates CD68 expression. (D and I) The Orange fluorescence indicates PD-L| expression. (E and J) The pictures show all

layers merged.

progression in the whole first-line treatment group was
significantly higher than that in standard chemotherapy/
targeted therapy group (29.4% vs 12.3%), indicating that
some patients were resistant to ICIs. It is necessary to
distinguish the MSI-H population in this group.'® The
expression of PD-L1 has shown limited utility in predict-
ing the effect of ICIs. However, TMB might be a more
significant predictor. It is generally believed that tumours

with higher mutation load can produce more neoantigens
and thus have more immunogenicity and better response to
immunotherapy.'® In our case, both CRC tumours had
similar high TMB levels, suggesting potential efficacy of
immunotherapy. However, when tumour relapse or metas-
tasis occurs, determination of the feasibility of ICI strate-
gies should be based on re-biopsy in order to confirm the
MSS/MSI  status. Combination therapies (anti-vascular
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therapies + ICIs) may be an effective treatment for these
patients.

Awareness of such information will be helpful in the
assessment of patients with CRC at risk of having diver-
gent MMR/MSI status and TIME type. In addition, how to
increase or reinforce the efficacy of immunotherapy, the
optimal duration and combinations of treatments and the
indications for surgical interventions after immunotherapy
will be determined with time.?® Here, Assessing the MSS/
MSI status and TIME type in preoperative endoscopic
biopsy specimens can be used to optimize the preoperative
ICI strategy to reduce the scope of surgery and preserve
organs. Additionally, clarifying genealogical information
and family history is beneficial for the diagnosis of
patients and the early prevention and treatment of unaf-
fected family members. In conclusion, the effects of dif-
ferent MMR/MSI statuses and TIME types in CRC
tumours on immunotherapy efficacy remain to be deter-
mined in further investigations.

Abbreviations

NGS, next-generation sequencing; MSI, microsatellite
instability; LS, Lynch syndrome; CRC, colorectal cancer;
TMB, tumour mutation burden; MSS, microsatellite
stable; ICIs, immune checkpoint inhibitors.
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