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INTRODUCTION

Lung cancer is the leading cause of cancer-related
death worldwide and is often caused by cigarette
smoking. Many cases of non–small-cell lung cancer
(NSCLC), particularly adenocarcinomas, harbor at
least one oncogenic driver mutation, such as in
epidermal growth factor receptor (EGFR) and rear-
ranged anaplastic lymphoma kinase, which are
potential targets for therapy. Immune checkpoint
inhibitors recently have caused a paradigm shift in
the treatment of various types of cancer. In NSCLC,
antibodies that target programmed cell death 1 (PD-
1) have demonstrated unprecedented durable clin-
ical responses.1,2 Several biomarkers have been
proposed, including programmed death-ligand 1
(PD-L1) on the surface of tumor cells,3 tumor mu-
tational burden,4 and DNA mismatch-repair (MMR)
deficiency.5

MMR proteins prevent the generation of insertions and
deletions at microsatellites by repairing incorrectly
paired nucleotides; therefore, MMR deficiency results
in microsatellite instability (MSI) with a high tumor
mutational burden.6 Clinically, PD-1 blockade was
shown to be effective for MSI-high tumors, as these
tumors generate neoantigens and can upregulate
immunologic checkpoints, including PD-1, in tumor-
associated lymphocytes.5,7,8 In NSCLC, little is known
about the clinical course of MSI-high tumors because
of their rare frequency (0.3% to 0.8%).9-11

Lynch syndrome is an autosomal-dominant inherited
syndrome caused by germline variants in MMR
genes.12,13 The disorder is associated with colorectal,
endometrial, and other epithelial malignancies14;
however, Lynch syndrome–associated NSCLC is rare.
In a previous study, of 1,952 patients with lung cancer
evaluated, 94 were either MSI-intermediate or -high,
but none of the patients had Lynch syndrome.15 Only
three cases of Lynch syndrome associated with lung
cancer have been reported.16-18 Here, we report a case
of Lynch syndrome–associated lung adenocarcinoma
with intramedullary spinal cord metastasis (ISCM) in
a patient who exhibited long-lasting shrinkage of his

tumor over 20 subsequent treatment-free months after
15 administrations of nivolumab. Written informed
consent was obtained from the patient.

CASE REPORT

A previously healthy 36-year-old man without a history
of cigarette smoking presented with a mass in the right
upper lung field on chest x-ray. Chest computed to-
mography revealed a mass in the right upper lobe
(Fig 1A). He underwent right upper lobectomy and was
diagnosed with pathologic stage IB (T2aN0M0) poorly
differentiated lung adenocarcinoma (Figs 1B to 1C).
The resected specimen was negative for EGFR mu-
tation and anaplastic lymphoma kinase translocation
as determined by droplet digital polymerase chain
reaction and fluorescence in situ hybridization analyses,
respectively. Immunohistochemical analysis of PD-L1
expression using the murine 22C-3 antibody revealed
a tumor proportion score of 1% to 24%. Collection of
the patient’s additional history revealed a family his-
tory of multiple primary cancers, including colorectal
cancer in his sister at age 32 years, father at age 46
and 54 years, paternal uncle at age 40 years, and
paternal grandmother at age 41 years, fulfilling the
Amsterdam criteria.19 Because of his family history of
colorectal cancer, we suspected Lynch syndrome and
performed additional analyses. Immunohistochemis-
try analysis of the resected specimen revealed positive
results for MLH2 and MSH6, but negative results for
MLH1 or PMS2 in cancer cells (Fig 2A). Moreover,
polymerase chain reaction with six microsatellite
markers, including the National Cancer Institute panel
of five microsatellite markers in the lung tumor and
normal epithelium, revealed that DNA from the lung
tumor was positive for MSI in three microsatellite
markers (BAT40, BAT26, and D2S123; Fig 2B), in-
dicating an MSI-high tumor. After detailed genetic
counseling of the patient, direct sequencing for MMR
genes using genomic DNA from the blood detected
a germline variant in exon 19 of MLH1 (c.2180_
2181del, p.His727Hisfs*5), which confirmed the
diagnosis of Lynch syndrome associated with lung
adenocarcinoma (Fig 2C).
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The timeline of the patient’s anticancer treatment is
shown in Figure 3A. He was administered tegafur-uracil
as adjuvant chemotherapy; however, after 6 months,
metastasis of the left adrenal gland and right cerebral
hemisphere was detected. He was then administered
anticancer chemotherapy that consisted of cisplatin
75 mg/m2, pemetrexed 500 mg/m2, and bevacizumab
15 mg/kg every 3 weeks after left adrenalectomy and
gamma knife therapy for brain metastasis. After the
completion of 4 cycles of the regimen, we conducted 16
cycles of continuous maintenance therapy with peme-
trexed and bevacizumab. After discontinuation of this
regimen, he underwent three rounds of gamma knife
therapy because of recurrence in the brain metastases.

After 15 months of discontinuation of maintenance
therapy, the patient restarted the same regimen. After
four cycles of this treatment, he developed back pain.
Magnetic resonance imaging revealed ISCM at the L2 to
L3 spinal level and the recurrence of brain metastasis in
the left occipital lobe (Figs 3B and 3D). We began
administration of nivolumab 3 mg/kg every 2 weeks,
which was approved as a second-line treatment of
patients with NSCLC in Japan, with palliative radiation
therapy for ISCM. These therapies resulted in im-
provement of his back pain, ISCM, and brain metastasis
(Figs 3C and 3E), and his carcinoembryonic antigen level
was decreased. After 15 cycles of the regimen (30
weeks), treatment was discontinued upon the patient’s
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FIG 1. (A) Chest computed tomography revealing a mass in the right upper lobe (arrow). (B) Hematoxylin and eosin–stained biopsy specimen showing
poorly differentiated adenocarcinoma (magnification, ×200). (C) Immunohistochemical analysis showing thyroid transcription factor-1–positive staining
(magnification, ×200).
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FIG 2. (A) Absence of MLH1 and PMS2 immunohistochemical staining in the tumor cell nuclei, and presence of MSH2 andMSH6 staining in the tumor
cell nuclei (magnification, ×200). (B) Arrows depict aberrant peaks in tumorous tissues compared with that in the normal epithelium, indicating high
microsatellite instability. (C) Sequence chromatogram containing the mutation (MLH1 c.2180_2181del, p.His727Hisfs*5). N, normal epithelium;
T, tumor.
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request. Twenty months after the discontinuation of
treatment, the size of the tumor continued to shrink
without evidence of systemic progression or elevated
levels of carcinoembryonic antigen.

DISCUSSION

We observed a nonsmoking, young male patient with
suspected Lynch syndrome–associated lung adenocarci-
noma diagnosed on the basis of his family history of
colorectal cancer and germline genetic testing. PD-1
blockade therapy resulted in long-lasting shrinkage of his
tumor, including ISCM.

In this case, Lynch syndrome–associated lung adeno-
carcinoma was diagnosed without preceding cancers of
other organs. Only three cases of lung cancer associated
with Lynch syndrome have been reported.16-18 One case

was the Muir-Torre variant of Lynch syndrome with the
loss of MSH2 expression,16 and the second was a germline
variant in MSH2 in which the tumor was immunohis-
tochemically deficient for MSH2 and MSH6 with MSI-
high.17 The third case consisted of a rearrangement in
the MSH2 germline gene, with the tumor immunohis-
tochemically deficient for MSH2 and MSH6.18 These
three patients were diagnosed with lung adenocarcinoma
during follow-up for colorectal cancer, while our patient
showed no history of any cancers. Germline mutations
in EGFR and HER2,20 and rare variants of BRCA2,21

TP53,22 and STK11,23 are associated with an increased
risk for lung cancer, despite the low incidence rate.
Germline TP53 and STK11 variants have been reported
in other familial cancer syndromes, such as Li-Fraumeni
syndrome24 and Peutz-Jeghers syndrome,25 respectively.
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FIG 3. (A) Clinical course after diagnosis of NSCLC. (B) Sagittal T1-weighted contrast-enhanced magnetic
resonance imaging (MRI) showing a solitary mass (arrow) in the intramedullary spinal cord at the L2-L3 spinal
level. (C) After 9 weeks of radiation and nivolumab treatment, sagittal T1-weighted contrast-enhanced MRI
with fat suppression showed significant regression of the leptomeningeal metastasis (arrow). (D) Axial T1-
weighted contrast-enhanced MRI showing brain metastasis in the left occipital lobe. (E) After 9 weeks of ra-
diation and nivolumab treatment, axial T1-weighted contrast-enhanced MRI revealed regression of the brain
metastasis. BEV, bevacizumab; CDDP, cisplatin; CEA, carcinoembryonic antigen; PEM, pemetrexed; UFT,
tegafur-uracil.
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Thus, clinicians should be alert to the importance of family
history, not only of lung cancer, but also of other cancers.

The case of Lynch syndrome–associated lung adeno-
carcinoma demonstrated long-lasting shrinking of the
tumor as a result of an immune checkpoint inhibitor,
even after discontinuation of the treatment. Previous
studies of NSCLC have suggested that better prognostic
factors for immune checkpoint inhibitors include high
mutation burden, the molecular smoking signature, higher
neoantigen burden, and DNA repair pathway mutations.26

In a recent study of MSI-high or MMR-deficient colorectal
cancer, nivolumab demonstrated durable responses and
disease control.8 Moreover, for MSI-high or MMR-deficient
tumors without NSCLC, pembrolizumab showed an over-
all response rate of 39.6%, with the effects lasting for
6 months or longer in 78% of patients who achieved
a response.7 A recent report similarly described a case of
metastatic MMR-deficient lung adenocarcinoma in a pa-
tient with Lynch syndrome who experienced a prolonged
response to nivolumab after discontinuation because of
drug-induced interstitial lung disease.18 This patient had
a 50-pack-year history of smoking, and the lung tumor
decreased in size after treatment with nivolumab. In con-
trast, our patient had never smoked and responded to
nivolumab against CNS metastases, including brain me-
tastasis and ISCM. Immune checkpoint inhibitors may be
effective options for patients with MSI-high NSCLC, such as
Lynch syndrome.

In our patient, immune checkpoint inhibitor with ra-
diation therapy for ISCM resulted in long-lasting
shrinkage of his tumor. ISCM of NSCLC is rare but
characterized by poor prognosis.27,28 Although the optimum
treatment of ISCM of NSCLC remains unknown, surgical
treatment,29 radiotherapy,28 and tyrosine kinase inhibitors30

may contribute to improving survival, whereas chemo-
therapy can be poorly effective for ISCM because of the
low drug permeability through the blood–spinal cord
barrier.31 Only one case of successful treatment has been
reported for asymptomatic ISCM of NSCLC by nivolumab.32

The potential benefit of combining immune checkpoint
inhibitors with radiotherapy has been demonstrated
previously.33 Although the mechanism of the synergistic
effect is not completely understood, upregulation of PD-L1
has been observed in tumor models after radiation
therapy.34 Combination therapy with radiation and an im-
mune checkpoint inhibitor may be effective for treating
symptomatic ISCM of Lynch syndrome–associated lung
adenocarcinoma.

In summary, we saw a patient with a rare case of Lynch
syndrome–associated lung adenocarcinoma that showed
a long-lasting response after treatment with nivolumab.
Physicians should consider a patient’s family history to
assess the likelihood of hereditary cancer syndromes.
Moreover, immune checkpoint inhibitors may be an ef-
fective option for the treatment of Lynch syndrome–
associated lung adenocarcinoma.
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