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CASE REPORT

Gemcitabine-Induced Pulmonary Toxicity During Adjuvant Therapy
in a Patient with Pancreatic Cancer
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Hospital of Saint Raphael, Yale University School of Medicine. New Haven, CT, USA
ABSTRACT
Context Gemcitabine is a pyrimidine
antimetabolite with activity in a number of
cancers. Gemcitabine is the accepted standard
for the adjuvant and metastatic treatment of
pancreatic cancer, however, it also has
indications in breast, ovarian, and non-small
cell lung cancers. The most common side
effect is myelosuppression. Dyspnea is
reported in 23% and bronchospasm occurs in
less than 2% of subjects. Acute respiratory
distress syndrome is rare with single agent use
or in combination.
Case report A 68-year-old man being treated
for stage IIA pancreatic cancer after
pancreaticoduodenectomy developed hypoxemic respiratory distress after the second
dose of gemcitabine 1,000 mg/m2. The
radiographic
findings
on
computed
tomography scans evolved from ground glass
opacities to findings suggestive of
cryptogenic organizing pneumonia over the
course of two weeks. He was treated with
antibiotics, steroids, nebulizers and oxygen. A
follow-up computed tomography scan of
chest four weeks after presentation showed
complete resolution of pneumonitis.
Conclusions We report the first case of
gemcitabine-induced pneumonitis encountered
during the adjuvant treatment of pancreatic
cancer. Physicians seeing such patients should
be aware of this rare but real pulmonary
toxicity. A delay in diagnosis and treatment
can lead to potentially fatal outcomes.

INTRODUCTION
Pancreatic carcinoma is a lethal disease with
an annual incidence rate almost identical to
the mortality rate. Cancer of the exocrine
pancreas is the fourth most common
malignancy in the United States and most
newly diagnosed individuals will die within a
year [1]. Surgical resection offers the only
chance of cure, but only 15 to 20 percent of
cases
are
potentially
resectable
at
presentation. Even in patients who undergo
compete (R0) resection, the prognosis is poor;
the reported five-year survival rates following
pancreaticoduodenectomy for node-negative
and node-positive disease are 25% and 10%,
respectively [1].
Gemcitabine is the current standard of care in
the adjuvant treatment of pancreatic cancer.
Based on CONKO-001 and RTOG9704
clinical trials, gemcitabine improves diseasefree survival in pancreatic cancer patients
after pancreaticoduodenectomy, and shows a
trend towards improvement in survival, with a
median overall survival of 20-22 months, and
3-year overall survival of 31-34% [2, 3].
Results from the CONKO-001 trial showed a
median disease-free survival of 14.4 months
in the gemcitabine group compared to 6.9
months in the control group [2]. An update at
the American Society of Clinical Oncology
2008 Annual Meeting updated the results of
CONKO-001 reporting an estimated diseasefree survival at 3 and 5 years to be 23.5% and
16% in the gemcitabine group compared to
8.5% and 6.5% in the control group,
respectively. Gemcitabine showed significant
improvement in the overall survival reported
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to be 22.8 months versus 20.2 months in the
control group. The estimated survival at 3 and
5 years was 36.5% and 21% for gemcitabine
patients and. 19.5% and 9% for the control
group patients, respectively [4].
In advanced or metastatic pancreatic cancer,
although the objective response rate to
gemcitabine is minimal, gemcitabine confers
a clinical benefit over fluorouracil (5-FU),
and is considered the standard of care for
these patients. Gemcitabine also leads to a
modest improvement in median survival over
5-FU (5.6 vs. 4.4 months) and one-year
survival rates (18% vs. 2%) [5].

Unfortunately, combination therapy with
other cytotoxic agents has either failed to
provide significant benefit or has done so at
the expense of intolerable toxicities.
Pulmonary toxicities due to gemcitabine have
been reported. Common dyspnea occurs in
approximately 25% of patients treated with
gemcitabine, whereas serious pulmonary
toxicities
are
much
less
common,
approximately 0.3% [6, 7]. Here we present a
case of gemcitabine-induced pneumonitis
encountered during adjuvant treatment of
pancreatic cancer, and review the literature of
this rare, but dangerous complication.

Figure 1.
a. Axial image from a CT angiogram of the chest to
exclude pulmonary embolus. There was no pulmonary
embolus. There is ground glass opacity in both apices
interspersed between changes of emphysema (white
arrows), which was not there previously.
b. Coronal reformatted image from the same CT scan as
in a.. The ground glass opacities are seen in both upper
lobes (white asterisk) and within the right middle lobe
(black asterisk). The lower lobes (black arrows) are
spared. This distribution of ground glass opacity can be
seen with edema, infection, drug reaction, or less likely
hemorrhage.
c. Axial CT three weeks later. The diffuse ground glass
opacities have coalesced into a more focal
consolidation. There were scattered other similar
consolidations in the right upper lobe. This was
interpreted as consistent with cryptogenic organizing
pneumonia (secondary to drug toxicity) versus
infectious pneumonia.
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CASE HISTORY
A 68-year-old male with a 75-pack year
history of cigarette smoking presented with
jaundice and pruritus in November 2007, and
was diagnosed with ampullary pancreatic
cancer. He underwent a pancreaticoduodenectomy (Whipple procedure) in
December 2007, and pathology showed a
poorly
differentiated
adenocarcinoma
invading into the muscularis propria and
pancreatic parenchyma. He was staged as a
pT3N0, Stage IIA pancreatic cancer, with no
evidence of metastasis.
His post-operative course was complicated by
wound dehiscence. Two months later, he
began
adjuvant
chemotherapy
with
gemcitabine 1,000 mg/m2 on days 1, 8, and 15
every 28 days based on the CONKO-001
study [2]. After his first dose of gemcitabine,
he
developed
methicillin-resistant
Staphylococcus aureus of his wound and was
treated with a course of intravenous
vancomycin, with resolution.
One week after his second dose of
gemcitabine, he presented with shortness of
breath, and was dyspneic at rest (grade 4
based on NCI Common Terminology Criteria
for Adverse Events (CTCAE) version 3.0
criteria (http://ctep.cancer.gov/forms/CTCAEv3.pdf)
[8]). He was afebrile. His oxygen saturation
was 85% on room air which improved to 92%
with 4 L/min of oxygen by face mask. His
baseline oxygen saturation had been 95%. On
physical exam, patient had diffuse crackles
involving both lung fields. He was ruled out
for pulmonary embolism with a high
resolution computed tomography scan,
however,
in
addition
to
baseline
emphysematous changes, he was noted to
have new ground glass opacities bilaterally,
predominately in the upper lobes (Figure
1ab). Direct fluorescent antibody testing for
viral
infections
was
negative.
An
echocardiogram was normal. He was treated
with a ceftriaxone and doxycycline for
community-acquired pneumonia and was
discharged on home oxygen.
After three more weeks his symptoms still
had not completely resolved and he was still
requiring oxygen. Pulmonary function testing
showed a moderate obstructive process, and a
diminished diffusing capacity of 37%,

consistent with emphysema. An arterial blood
gas revealed mild hypoxemia and showed a
normal alveolar-arterial gradient. A repeat CT
scan of his chest showed new multiple
bilateral
patchy
airspace
opacities,
predominantly distributed in the right upper
lobe, findings consistent with cryptogenic
organizing pneumonia formerly bronchiolitis
obliterans organizing pneumonia (Figure 1c).
The differential diagnosis consisted of:
infection such as viral or bacterial pneumonia,
for which he was treated with antibiotics,
though he was afebrile, and direct florescent
antibody testing was negative; congestive
heart failure, though echocardiogram was
normal; and gemcitabine-induced pulmonary
toxicity. Suspecting gemcitabine-induced
pneumonitis, gemcitabine was discontinued
and the patient was treated with steroids. A
lung biopsy was planned but the patient’s
symptoms improved after steroids, and a
follow up CT scan showed improvement, so
this was not done. Due to concerns of
gemcitabine-induced pulmonary toxicity, his
chemotherapy was changed to capecitabine
monotherapy based on the known activity of
fluoropyrimidine monotherapy in pancreatic
cancer [9, 10]. The ESPAC-1 trial suggested
that adjuvant 5-FU confers a survival
advantage over no chemotherapy [10]. The 5year survival rate was 21% among patients
who received chemotherapy and 8% among
those who did not receive chemotherapy. In
our case, the patient opted for the
convenience of oral capecitabine instead of
bolus 5-FU. He has had no evidence of
disease
recurrence
4
months
after
discontinuing gemcitabine, and his pulmonary
issues have completely resolved.
DISCUSSION
Gemcitabine is a fluorine-substituted analog
of deoxycytidine which has shown clinical
activity in pancreatic, breast, ovarian, nonsmall-cell lung, and bladder cancer. It works
by incorporation of its active nucleotide
metabolite into DNA resulting in chain
termination, and inhibition of DNA synthesis
[11]. Gemcitabine further acts as an effective
inhibitor of DNA repair which was
specifically demonstrated with regard to DNA
damage induced by radiation or alkylating
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agents.
Although gemcitabine is generally well
tolerated, myelosuppression is its doselimiting toxicity. Pulmonary toxicities due to
gemcitabine have been reported including
bronchospasm, capillary leak syndrome, noncardiogenic
pulmonary
edema,
hypersensitivity reaction, acute respiratory
distress syndrome, diffuse alveolar damage,
pleural effusion and interstitial pneumonitis.
In a review of clinical trials with gemcitabine
as a single-agent, pulmonary and allergic
toxicities were assessed using World Health
Organization recommended toxicity grading
in 2,704 patients: 7.4% of patients had mild
symptoms (grade 1), 7.6% patients
experienced dyspnea on exertion (grade 2),
dyspnea at rest (grade 3) occurred in 3.1% of
treated patients, and complete bed rest (grade
4) was required in 0.8% of patients [6].
Roychowdhury, et al., reviewed serious
pulmonary toxicities that occurred due to
gemcitabine within a large clinical trial
database [7]. This study reviewed serious
pulmonary toxicities such as dyspnea,
interstitial pneumonitis, lung disorders,
pulmonary edema, lung fibrosis, pneumonia,
respiratory disorders, and respiratory distress
syndrome, that were likely due to gemcitabine
administration. serious pulmonary toxicities
were relatively uncommon events (Table 1).
Among 4,448 cases within the database, only
0.45% experienced serious dyspnea, and
0.27% experienced serious pulmonary
toxicities other than dyspnea. For instance,
pulmonary edema was reported in 0.09% of
cases, and pneumonia in 0.11%, though none
were interstitial pneumonia. Interstitial
pneumonia, however, was reported in nonclinical trial spontaneous cases in 0.02% of

cases. This indicates that despite large clinical
trial databases, some serious toxicities can
occur in the post-marketing setting, and may
be underreported. In addition, as more
patients are treated, the incidence of
pulmonary side effects may increase.
When
considering
risk
factors
for
gemcitabine-induced pulmonary toxicities,
one might hypothesize that pre-existing
pulmonary disease, prior or concurrent
radiation therapy or other anti-neoplastic
agents play a role. Many cases of gemcitabine
pulmonary toxicity have been in lung and
pancreatic cancer; therefore, smoking and
prior lung pathology also may be contributing
factors. Because of the rarity of serious
complications, it is not known whether these
comorbidities increase the risk of pulmonary
toxicity from gemcitabine. It has been
suggested that the risk of gemcitabineinduced pulmonary toxicity increases after
repeated dosages [12], however the dosage of
gemcitabine does not seem to be playing a
role in the development of non-cardiogenic
pulmonary edema [13].
Among the case reports published about
gemcitabine-induced pneumonitis, three types
of pneumonitis have been described: capillary
leak syndrome, diffuse alveolar damage, and
alveolar hemorrhage. The mortality rate can
be as high as 20%. Therefore, it is an
important entity to recognize since treatment
with corticosteroids has been shown to be
effective [14].
The diagnosis of chemotherapy-induced
pneumonitis can be made when pneumonitis
develops shortly after initiation of treatment,
lack of an alternative explanation of
respiratory failure, and the resolution of
symptoms after corticosteroid treatment and

Table 1. Incidence of serious pulmonary toxicities related to gemcitabine-based therapy.
Incidence in spontaneous cases b
Pulmonary toxicity
Incidence in clinical trials a
Dyspnea
0.45%
0.020%
Pneumonia
0.11%
0.010%
Lung edema
0.09%
0.006%
Respiratory disorder
0.07%
0.005%
Interstitial pneumonia
0
0.020%
Lung disorder
0
0.008%
Lung fibrosis
0
0.004%
Respiratory distress syndrome
0
0.002%
Other (cough, hypoventilation, hypoxia)
0
0.002%
a
Incidence estimated by total number in clinical trials (n=4,448)
b
Incidence estimated by total number in spontaneous cases (n=217,400)
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withdrawal of the presumed agent [14].
Gemcitabine-induced pulmonary toxicity is a
diagnosis of exclusion after ruling out
infectious pneumonia, cardiogenic pulmonary
edema and diffuse alveolar hemorrhage.
Antibiotics and diuretics are often started
empirically. However, once gemcitabine lung
toxicity is suspected, discontinuation of the
drug, administration of corticosteroids and
pulmonary support are the mainstay of
treatment and have been successful in treating
patients with pulmonary toxicity. Missing the
diagnosis can have potentially fatal outcomes.
Macroscopically, the findings of gemcitabineinduced pneumonitis include heavy and stiff
lungs [15]. Histologically, widespread type 2
pneumocyte hyperplasia with hyaline

formation, areas of fibrous thickening of the
alveolar wall and patchy alveolar hemorrhage
have been described [16].
The pathophysiology of lung injury remains
unclear. Several mechanisms have been
suggested. Direct injury to pneumocytes, i.e.
chemical alveolitis, has been hypothesized.
Another proposed mechanism of alveolar
damage induced by gemcitabine suggests that
it is a cytokine-mediated inflammatory
response leading to activation of lymphocytes
and alveolar macrophages. The end result is
increased
vascular
permeability
with
extravasation of fluids and proteins into the
air space, resulting in myofibroblast
proliferation and collagen deposits [17, 18,
19]. The timing of clinical manifestations is

Table 2. Reports of gemcitabine-induced pulmonary toxicities in pancreatic cancer patients.
References
Age (years),
Diagnosis
Cumulative
gender
dose

Dose
(mg/m2)

Tempero, Brand [12]

68, male

Metastatic pancreatic

2 cycles

10 mg/m2/min a

Tempero, Brand [12]

Not reported

Metastatic pancreatic

Not known

10 mg/m2/min a

Linskens et al. [20]

58, female

Metastatic pancreatic

1 dose

1,000

Nomura et al. [21]

54, female

Metastatic pancreatic

5 doses

1,000-1,150

Biswas, et al. [22]

Not reported

Advanced pancreatic

Not reported

1,000

Joerger et al. [23]

64, male

Relapsed pancreatic

2 cycles

1,000

th

Sauer-Heilborn et al. [24]

63, male

Metastatic pancreatic

7 dose

1,000

Ho Kim et al. [25]
a
Fixed-dose rate

48, male

Pancreatic adenocarcinoma

9 doses

1,000

Table 2. Continues.
References

Prior
Radiation
chemotherapy therapy

Pulmonary toxicity

Treatment

Outcome

Tempero, Brand [12]

None

None

Tempero, Brand [12]

None

None

Dyspnea, chest pain,
pleural effusions

Chest tube; steroids?

Died

Linskens et al. [20]

None

None

Tachypnea, hypoxemia,
and interstitial infiltrate

Dexamethasone

Improved

Nomura et al. [21]

None

None

Hypoxemia, interstitial
infiltrates

Corticosteroids

Improved

Biswas, et al. [22]

Not reported

Not reported

Capillary
leak syndrome

Diuretics;
corticosteroids

Improved

Joerger et al. [23]

None

None

Cough, reticulonodular
infiltrates

No steroids given

Improved

Concurrent
somatostatin

None

Dyspnea

Not reported

Improved

None

None

Hypoxemia, diffuse
interstitial infiltrates

Steroids

Improved

Sauer-Heilborn et al. [24]
Ho Kim et al. [25]

Acute respiratory distress Mechanical ventilation; Improved
syndrome
corticosteroids
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unpredictable; they can present during the
first cycle of treatment or following
subsequent cycles.
The common radiological findings for
gemcitabine induced pneumonitis have been
described. On chest X-ray reticulonodular
interstitial infiltrates are often present. On
computed tomography, one can see diffuse
ground glass attenuation involving all lung
fields with thickened septal lines, and
reticular opacities that are usually bilateral
and symmetrical but can be asymmetrical. An
open lung biopsy is the only procedure to
confirm the diagnosis of drug-induced
pneumonitis [16].
Table 2 summarizes the cases of gemcitabineinduced pulmonary toxicity in patients with
pancreatic cancer. Our patient experienced
grade 3 dyspnea, and interstitial pneumonia,
findings that according to the above studies
are relatively rare. What makes this case
noteworthy, is that the pulmonary toxicity
occurred during adjuvant treatment of
pancreas cancer. All of the previously
reported cases were in advanced or metastatic
pancreatic cancer. This case report highlights
the fact that gemcitabine given in the adjuvant
setting can cause potentially serious
pulmonary toxicities. These pulmonary
toxicities are reversible; the signs and
symptoms of such toxicity quickly resolve
when the drug is stopped, and are successfully
treated with steroids.
As the use of gemcitabine has now extended
to the adjuvant setting in addition to the
palliative setting of pancreatic cancer,
oncologists should be aware of the various
pulmonary toxicities. Dyspnea occurs in
approximately 25% of patients treated with
gemcitabine, and serious pulmonary toxicities
occur in 0.3% of patients. Oncologists need to
be aware of these rare but potentially serious
pulmonary side effects. Indeed, what makes
diagnosis difficult is that it is often a
diagnosis of exclusion. There are some
radiographic clues that can help in
establishing a diagnosis, and a lung biopsy
may be required. A delay in diagnosis and a
delay in treatment can lead to potentially fatal
outcomes. Severe pulmonary toxicity, such as
pneumonitis, or cryptogenic organizing
pneumonia, encountered during the adjuvant

treatment of pancreatic cancer requires
discontinuation of gemcitabine, and prompt
initiation of steroids. Upon recovery,
discontinuation
of
gemcitabine
may
compromise the benefit of adjuvant therapy
based on the results of the CONKO-001
study, which showed a modest benefit in
disease-free and overall survival. If
gemcitabine is discontinued due to untoward
side effects, we recommend a change to a
fluoropyrimidine
such
as
5-FU
or
capecitabine to complete adjuvant therapy.
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