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Abstract:

A 72-year-old man diagnosed with stage 4 lung adenocarcinoma developed asymptomatic pneumatosis in-
testinalis while undergoing treatment with first-line chemotherapy, which included carboplatin, paclitaxel, and
bevacizumab (BEV). He was treated conservatively. The pneumatosis recurred while the patient was undergo-
ing treatment with the third-line chemotherapy, which included pemetrexed (PEM). His condition resolved af-
ter 4 weeks of supportive therapy. To our knowledge, this is the first case in which pneumatosis intestinalis
was induced twice by two drugs in a patient with lung cancer. BEV and PEM are often administered to pa-
tients with lung cancer; thus, it should be noted that pneumatosis intestinalis may occur as an adverse event

in patients treated with these drugs.
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Introduction

Pneumatosis intestinalis is an uncommon but significant
illness in which gas is found in a linear or cystic form in
the submucosa or subserosa of the bowel wall (1). It is
caused by various factors, including pulmonary disease, gas-
trointestinal disease, and collagen disease. In recent years,
the occurrence of pneumatosis intestinalis has been reported
to be associated with drugs such as cytotoxic anticancer
drugs and molecular targeted drugs. However, to our knowl-
edge, no cases have been reported in which pneumatosis in-
testinalis developed twice in association with two different
drugs. We herein report a case of pneumatosis intestinalis
that was first caused by bevacizumab (BEV), which then re-
lapsed during treatment with a cytotoxic chemotherapeutic
agent: pemetrexed (PEM).

Case Report

A 72-year-old man visited our hospital to investigate the
cause of left lateral chest pain. He had a 5-year history of
hypertension and dyslipidemia and no history of allergic dis-

ease. He had smoked 20 cigarettes per day for 52 years. He
was diagnosed with lung adenocarcinoma (cT3NOMIa,
Stage 4) (2). No metastatic lesions in the intestinal tract
were observed on positron emission tomography/computed
tomography. Because the tumor was negative for epidermal
growth factor receptor gene mutation and anaplastic lym-
phoma kinase fusion gene, he received three cycles of che-
motherapy consisting of carboplatin (CBDCA, AUC 5),
paclitaxel (PTX, 200 mg/m®), and BEV (15 mg/kg). When
he was hospitalized to receive the fourth cycle of chemo-
therapy, abdominal CT revealed abdominal free air and
pneumatosis intestinalis.

At the time of his admission, his vital signs were normal
and no abdominal abnormalities were observed. His white
blood cell count was normal (3,940 cells/uL) and his serum
C-reactive protein was slightly increased (1.24 mg/dL).
Chest radiography showed no evidence of free air. Abdomi-
nal CT showed intra-abdominal free air around the liver
(Fig. 1A), and pneumatosis in the
(Fig. 1B, C). Thus, because we observed no causative fac-
tors of pneumatosis intestinalis other than BEV, we diag-
nosed the patient with pneumatosis intestinalis due to BEV
treatment. Intraportal venous gas was not observed. We did
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Figure 1.

Abdominal CT on admission after three cycles of carboplatin, paclitaxel, and bevaci-

zumab revealed intra-abdominal free air (arrows) on the liver surface (A), and pneumatosis (arrow-

heads) in the intestinal wall (B, C).

Figure 2. Abdominal CT under treatment with pemetrexed showed recurrence of intra-abdominal
gas (arrows) around the liver (A) and pneumatosis intestinalis (arrowheads) (B).

not perform a blood gas analysis and could not detect the
presence or absence of acidosis. Since he had no symptoms,
we discontinued the fourth chemotherapy cycle and treated
the patient conservatively with observation.

Abdominal symptoms were not present during follow-up,
and abdominal CT revealed that the intra-abdominal free air
and pneumatosis had disappeared. CBDCA (AUC 5) and
PTX (200 mg/m®) chemotherapy was initiated, with the pa-
tient receiving three cycles of the regimen. Follow-up chest
CT revealed progressive disease. Treatment with PEM (500
mg/m’) was initiated as a third-line therapy. After two cycles

of this regimen, intra-abdominal free air appeared on chest
radiography. Abdominal CT revealed the recurrence of intra-
abdominal gas and pneumatosis intestinalis (Fig. 2). Again,
he did not have any other symptoms. Lower gastrointestinal
endoscopy showed protruded lesions resembling a submu-
cosal tumor in the center of the transverse colon, which was
soft and movable. It was thought to be consistent with pneu-
matosis intestinalis (Fig. 3). The administration of PEM was
stopped, and he was managed supportively. He remained as-
ymptomatic and follow-up CT showed that the intra-
abdominal free air and pneumatosis had nearly resolved. Af-

2110



Intern Med 60: 2109-2113, 2021

DOI: 10.2169/internalmedicine.5564-20

Figure 3. Lower gastrointestinal endoscopy showed soft and
movable protruded lesions resembling a submucosal tumor in
the center of the transverse colon.

ter that, he was treated with a tegafur-gimeracil-oteracil
combination therapy (TS-1, one cycle of 120 mg/day and
two cycles of 80 mg/day). However, the malignant lesions
were exacerbated and he died of lung cancer 15 months af-
ter the diagnosis.

Discussion

Pneumatosis intestinalis is thought to be an infrequent but
critical illness. It is reported to manifest as gas found in a
linear or cystic form in the submucosa or subserosa of the
bowel wall (1). Pneumatosis intestinalis is associated with
various conditions, such as pulmonary disease (3, 4), gastro-
intestinal disease (4), collagen disease (4-6), infectious dis-
ease (7, 8), and iatrogenic disorder (9). Moreover, pneuma-
tosis intestinalis is found in association with the use of cer-
tain drugs, including steroids (4, 5, 10, 11) and o-
glucosidase inhibitors (5, 12).

Recently, several molecular targeted drugs have been re-
ported to be associated with pneumatosis intestinalis, includ-
ing gefitinib (13), sorafenib, and sunitinib (14). Asmis et al.
reported the case of a patient with a low-grade neuroendo-
crine tumor originating from the pancreas, who presented
pneumatosis intestinalis while receiving systematic chemo-
therapy plus BEV (15). Shinagare et al. reported that 24
cancer patients treated with molecular targeted therapy de-
veloped pneumatosis or intestinal perforation. Among these
patients, 10 patients had pneumatosis intestinalis, and BEV
(n=5) was the drug most commonly associated with pneu-
matosis in this study (16). Moreover, Lee et al. reported that
BEV was administered to 6 of 84 patients in whom pneu-
matosis intestinalis was identified by CT (17).

Our patient had no relevant medical history and was not
using any medications that might have caused pneumatosis
intestinalis during his clinical course before chemotherapy.
Pneumatosis intestinalis was found three months after the
administration of BEV, and there were no findings that

could be considered causative other than BEV. We consid-
ered that adverse events of BEV, such as gastrointestinal
perforation, fistula formation, and wound healing (18),
might be associated with pneumatosis intestinalis.

The second occurrence of pneumatosis intestinalis was re-
vealed during chemotherapy with PEM. The patient received
a definitive diagnosis following lower gastrointestinal endo-
scopy at that time. During the time between his first im-
provement and the recurrence of pneumatosis intestinalis,
dexamethasone (1 mg per day; per oral) was administered to
relieve the fever caused by lung cancer inflammation. How-
ever, dexamethasone continued to be administered until the
end of his life, and pneumatosis intestinalis did not occur
again after the improvement of the second occurrence.
Moreover, he showed no onset of new disease or change in
prescription medications except for the addition of dex-
amethasone. Consequently, we concluded that the second
occurrence of pneumatosis intestinalis was associated with
PEM.

Several reports have mentioned that cytotoxic chemothera-
peutic agents, including etoposide (19), fluorouracil (20),
methotrexate (5, 11), irinotecan, and cisplatin (21) might
cause pneumatosis intestinalis. Yamamoto et al. reported the
case of a patient with lung cancer who was treated with
PEM and erlotinib who subsequently developed pneumatosis
intestinalis (22). However, to our knowledge, the case re-
ported here is the only report of pneumatosis intestinalis due
to PEM alone. Furthermore, to our knowledge, this is the
first reported case of pneumatosis intestinalis that appeared
twice at different times as a result of treatment with two dif-
ferent drugs.

Although the mechanism of pneumatosis intestinalis is
unclear, multiple causes are likely to contribute to the patho-
genesis of this disease. Some have suggested mechanical
causes arising from gas entering the wall of the bowel,
either from the luminal surface of a mucosal fissure due to
increased pressure, increased peristalsis and mucosal breaks,
or through the mesentery. Others have proposed that the ori-
gin may lay in gas-producing bacteria that invade the bowel
wall, and that the resulting excessive hydrogen gas leads to
pneumatosis intestinalis (23, 24). Moreover, it is hypothe-
sized that exposure to alkyl halides, such as chloral and
trichloroethylene enhance hydrogen production and the for-
mation of gas cysts (25).

BEV is a monoclonal antibody that specifically binds vas-
cular endothelial growth factor. This inhibition leads to a re-
duction in the microvascular growth of tumor blood vessels
and thus limits the blood supply to tumor tissues (18). PEM
is an antimetabolite that inhibits at least three enzymes in-
volved in the metabolism of folate, which is the mechanism
of cytotoxicity of PEM. However, mucositis may occur as
an adverse event in patients treated with PEM (26).

The precise mechanisms by which BEV and PEM cause
pneumatosis intestinalis are not clear. In the present case, we
hypothesize that the decrease in vasculature induced by
BEV led to ischemia, causing mucosal breaks and increased
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pressure, leading to pneumatosis intestinalis. Furthermore,
micro-intestinal hemorrhage and micro-intestinal perforation
may have occurred. We should have considered the possibil-
ity of recurrence of intestinal emphysema after the admini-
stration of BEV. Previous reports have shown that the recur-
rence rate of intestinal emphysema is 30-40% (1). PEM may
have caused pneumatosis intestinalis due to disorder of the
intestinal mucosa. Pneumatosis intestinalis had been reported
to be attributed to methotrexate (5, 11), and the inhibition of
folate metabolism might contribute to the development of
pneumatosis intestinalis. Moreover, a combination of factors
can lead to pneumatosis intestinalis (4, 5, 11), and in our
case, a history of pneumatosis intestinalis due to BEV and
steroid therapy may have accelerated the onset of pneumato-
sis intestinalis by PEM.

Possible treatments of pneumatosis intestinalis include
emergency surgery, observation, and medical treatment of
the underlying disease (27). Observation is recommended
for asymptomatic cases or those with no critical findings.
Treatment of underlying disease is necessary for patients
with a significant past medical history (27). In the present
case, the diagnosis was pneumatosis intestinalis due to BEV
and PEM, so we discontinued both drugs. Additionally, the
patient was asymptomatic at the onset of the disease, and a
physical examination and CT showed only free abdominal
air, without bowel perforation, obstruction, or necrosis. As a
result, we treated him conservatively. However, because of
the occurrence of pneumatosis intestinalis, we needed to dis-
continue the use of anticancer agents, such as BEV and
PEM, which were expected to be effective for his lung can-
cer. This resulted in a narrowing of the treatment options for
lung cancer, which may in turn have affected his prognosis.

There are many opportunities to use molecular targeted
drugs, including BEV and cytotoxic anticancer drugs such
as PEM. Although pneumatosis intestinalis is rare, it is im-
portant to consider pneumatosis intestinalis as a possible ad-
verse event in patients treated with these drugs.
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