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Abstract:

We herein report a patient with Lynch-like syndrome in whom a brain tumor (glioblastoma) developed af-
ter repeated resection of colorectal cancer. The patient had a significant family history of cancer. Immunohis-
tochemical expression of mismatch repair proteins was decreased in both brain and colon tumors, but no
pathogenic variant of the related genes was detected. Although brain tumors occasionally develop in Lynch
syndrome, they have not been reported in cases of Lynch-like syndrome. This first report of Lynch-like syn-
drome with the development of glioblastoma suggests the need for further investigation on the surveillance of

brain tumors in patients with this syndrome.
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Introduction

Lynch syndrome, also known as hereditary non-polyposis
colorectal cancer, is an autosomal dominant hereditary disor-
der primarily caused by germline variants of mismatch re-
pair (MMR) genes (1). Deficiency in the MMR function in-
creases the risk of a range of malignant tumors, such as col-
orectal, endometrial, gastric, ovarian, small bowel, renal, and
brain cancers (1). The definitive diagnosis of Lynch syn-
drome requires detection of pathogenic mutations in MMR
genes, EPCAM, or abnormal methylation in the promoter re-
gion of MLHI. In some cases, clinical and immunohisto-
chemical evidence of Lynch syndrome is present; however,
the genetic abnormalities described above are absent, which
is defined as Lynch-like syndrome (2).

Possible reasons for the absence of pathogenic abnormali-
ties in these genes in Lynch-like syndrome include unknown

pathogenic mutations in MMR genes, germline mutations in
other genes affecting the MMR system, and hypermethyla-
tion of tumor suppressor genes (2). However, the clinical
characteristics of Lynch-like syndrome have not been fully
elucidated, and the development of brain tumors in this syn-
drome has not been reported (3).

We herein report a case of glioblastoma in a patient with
Lynch-like syndrome. This case report was prepared accord-
ing to the CARE guidelines (4).

Case Report

A 45-year-old man was referred to our hospital after sur-
gery for early-onset advanced rectal cancer at 32 years old.
He had a strong family history of cancers, including stom-
ach, colon, and prostate cancers in his father and ovarian
and uterine cancers in his sister (Fig. 1). Lynch syndrome
was suspected because of the early onset of rectal cancer

'Department of Gastroenterology and Hepatology, Kurashiki Central Hospital, Japan, *Department of Gastroenterology and Hepatology, Gradu-
ate School of Medicine, Kyoto University, Japan, *Department of Gastroenterology and Hepatology, Seiyu Clinic, Japan, ‘Department of Neuro-
surgery, Kurashiki Central Hospital, Japan, *Department of Medical Oncology, Kurashiki Central Hospital, Japan and °Department of General

Surgery, Kurashiki Central Hospital, Japan

Received: May 23, 2024; Accepted: August 16, 2024; Advance Publication by J-STAGE: September 27, 2024

Correspondence to Dr. Masayuki Ueno, masayukiu@kuhp.kyoto-u.ac.jp

1189



Intern Med 64: 1189-1193, 2025 DOI: 10.2169/internalmedicine.4180-24

_O

40’s Breast Cancer
50’s Ovarian Cancer

42y Gastric Cancer
49y Colorectal Cancer
69y Prostate Cancer

42y Ovarian Cancer
42y Uterine Cancer

32y Colorectal Cancer
45y Colorectal Cancer
46y Glioblastoma

/

P

Figure 1. A family pedigree illustrating the patient’s and his relatives’ history of cancers. Squares
represent men, and circles represent women. Black-filled symbols indicate individuals with a history

of cancer. P: proband

Figure 2. Endoscopic findings of the transverse colon cancer (a, b) and computed tomography and

contrast-enhanced magnetic resonance imaging of the brain tumor (c, d). (a) A laterally spreading
tumor (granular type) is present in the transverse colon. (b) Magnified narrow-band imaging of the
tumor surface reveals irregular surface and vessel patterns in most examined areas. (c) Computed
tomography. A bleeding brain tumor is present in the midline of the subfalcine region. (d) T2-weight-
ed image of contrast-enhanced magnetic resonance imaging. The tumor has a high signal intensity on
T2-weighted images with extensive edematous changes in the surrounding area.

and the patient’s family history.

As a representative of his family, his sister underwent ge-
netic testing (ACTRisk™, ACT Genomics, Taipei, Taiwan)
of 67 genes associated with hereditary tumor syndromes, in-
cluding APC, MLHI, MSH2, MSH6, and PMS2, and no
germline pathogenic variants were detected. During surveil-
lance colonoscopy in our hospital, early-stage adenocarci-

noma in the transverse colon (Fig. 2a, b) and multiple ade-
nomatous lesions throughout the entire colon were detected.
The adenocarcinoma was resected with endoscopic submu-
cosal dissection, and a pathological examination revealed
well-differentiated tubular adenocarcinoma [pTla (SM1), Ly
(=), V (), pHMO, pVMO]. Cold snare polypectomy was per-
formed for 17 adenomas.
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Figure 3.

Immunohistochemical staining for MSH2 and MSHG6 in the brain tumor and the trans-

verse colon cancer. Immunohistochemical staining of MSH2 (a, ¢) and MSHG6 (b, d) is negligible or
low in both glioblastoma (a, b, x20) and colonic adenocarcinoma (c, d, x10).

At 46 years old, he presented with sudden headache and
vomiting. Head computed tomography and contrast-
enhanced magnetic resonance imaging revealed a brain tu-
mor with recent hemorrhaging (Fig. 2c, d). After 23 days of
conservative treatment with strict blood pressure control, the
brain tumor was resected. A pathological examination of the
resected tumor revealed a grade 4 glioblastoma. Im-
munostaining of the tissues for MMR proteins revealed de-
creased expression of MSH2 and MSH6 (Fig. 3a, b). Lynch-
like syndrome was suspected, and additional immunostain-
ing of the tissue of the resected transverse colon cancer was
performed; as in the brain tumor, the expression of MSH2
and MSH6 was low (Fig. 3c, d). Based on these immunobhis-
tochemical findings and the results of previous genetic test-
ing, Lynch-like syndrome was diagnosed according to the
guidelines of the Japanese Society for Cancer of the Colon
and Rectum (1).

The patient’s postoperative course was uneventful. Inten-
sive modulated radiation therapy (60 Gy/30 fractions) with
temozolomide (140 mg, once daily, for 42 days followed by
28 days of interruption, repeated as 1 cycle) was started 23
days after brain surgery. He completed six planned cycles of
temozolomide treatment without severe adverse events, ex-
cept for grade 3 lymphocyte reduction during the first cycle.

Eight months after the completion of temozolomide ther-
apy, recurrent tumors were found in the right frontal lobe,
left cerebellum, and dura mater. Comprehensive genomic
profiling (OncoGuide™ NCC OncoPanel System, Sysmex,

Kobe, Japan) of the resected glioblastoma tissue was per-
formed. No germline pathogenic variants in 124 targeted
genes, including APC, MLHI, MSH2, MSH6, PMS2, were
identified, but microsatellite instability-high and a high tu-
mor mutation burden (38 mut/Mb) were revealed. Although
treatment with temozolomide has been reported to increase
the number of somatic mutations through alteration of the
MMR system (5), this influence was irrelevant in this case
because the analyzed brain tissue was resected before temo-
zolomide treatment. Pembrolizumab was started (200 mg,
every 3 weeks) and was underway as of the preparation of
this report.

Discussion

This case report describes a patient with Lynch-like syn-
drome in whom glioblastoma developed after repeated treat-
ment of colorectal cancer. Brain tumors occasionally develop
in hereditary colorectal cancer syndromes referred to as Tur-
cot syndrome (6). Turcot syndrome is divided into two sub-
types (7): Type I is associated with Lynch syndrome and is
characterized by concomitant glial tumors and relatively few
colonic polyps, and Type II is associated with familial ade-
nomatous polyposis (FAP) and is characterized by thousands
of colonic polyps and an increased risk of medulloblastoma.
However, brain tumors have not been reported in Lynch-like
syndrome.

Our case met the criteria for the diagnosis of Lynch-like
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syndrome, as described in the guidelines of the Japanese So-
ciety for Cancer of the Colon and Rectum (1). The immuno-
histochemical absence of MSH2 and MSH6 proteins in both
colorectal cancer and glioblastoma strongly suggests germ-
line abnormalities of MSH2, and the microsatellite instability
and high tumor mutation burden further align with the char-
acteristics of Lynch syndrome (6). However, no pathogenic
variants of known genes causing Lynch syndrome were
identified in our patient or his sister; thus, a diagnosis of
Lynch-like syndrome was made. Because neither AC-
TRisk™ nor the OncoGuide™ NCC OncoPanel System
cover all types of genetic alterations in the MSH2 gene, we
speculate that the presence of unrevealed genetic abnormali-
ties is one possible interpretation for the negative genetic
testing in this patient.

Regarding characteristics of intestinal and concomitant ex-
traintestinal malignant tumors in Lynch-like syndrome and
Lynch syndrome, conflicting results have been reported:
Mas-Moya et al. (8) reported that colorectal cancer in
Lynch-like syndrome was likely present in the right colon
and that the prevalence of concurrent or metachronous mul-
tiple cancers was low compared to the prevalence in Lynch
syndrome. In contrast, Xu et al. (9) found that colorectal
cancer associated with Lynch-like syndrome was more likely
to arise in the rectum than in the colon and that there was
no significant difference in the risk of metachronous col-
orectal cancer and extracolonic cancers between Lynch-like
syndrome and Lynch syndrome. Although whether or not
patients with Lynch-like syndrome have the same risk of de-
veloping brain tumors as those with Lynch syndrome is un-
clear, our case indicates that glioblastoma does occur in
Lynch-like syndrome. The absence of previous reports on
the concomitant brain tumors in Lynch-like syndrome could
be due to the small number of reported cases of this syn-
drome or its rarity.

The risk of colorectal and other cancers in hereditary tu-
mor syndromes depends on the pathogenic genes responsi-
ble. For example, patients with Li-Fraumeni syndrome have
a higher risk of brain tumors than those with Lynch syn-
drome or FAP (10). In Lynch syndrome, patients with muta-
tions in the MSH2 gene carry a higher risk of extracolonic
cancers and a lower risk of colorectal cancer than those with
mutations in other MMR genes (11). Thus, identifying the
gene responsible is important for the management of heredi-
tary tumor syndromes. Although no MSH2 gene abnormality
was detected in our case, negative immunohistochemical
findings for MSH2 protein suggested a MSH2 gene abnor-
mality, implying a high risk of extraintestinal tumors. Even
in cases of Lynch-like syndrome, in which no genetic abnor-
mality is identified, managing the disease according to the
characteristics caused by the genetic abnormality, as inferred
from the results of immunohistochemical examinations and
other tests, may be important.

In patients with Lynch syndrome (12) and Lynch-like syn-
drome (13), a regular endoscopic examination of the colon
and monitoring of related tumors, such as uterine, ovarian,

gastric, duodenal, and urinary tract cancers, is recom-
mended. A consensus has not been reached on surveillance
for brain tumors in Lynch-like syndrome or Lynch syn-
drome, although brain tumors are the second leading cause
of death in Lynch syndrome patients (14). Our present find-
ings in this case suggest that surveillance of brain tumors
may be beneficial in patients with Lynch-like syndrome.

In conclusion, we described the first case of glioblastoma
in a patient with Lynch-like syndrome. Whether or not brain
tumor surveillance is required in this syndrome warrants fur-
ther investigation.
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