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Fatal Pulmonary Toxicity Resulting from Treatment
with Gemcitabine

BACKGROUND. Pulmonary toxicity reported with gemcitabine is usually mild andNick Pavlakis, M.B.B.S.1

self-limiting. The authors report a series of three patients who had life-threateningDavid R. Bell, M.B.B.S.1

pulmonary toxicity after receiving gemcitabine.Michael J. Millward, M.D.2

METHODS. The three patients presented to two major teaching hospitals with sig-John A. Levi, M.D.1

nificant pulmonary dysfunction while receiving gemcitabine. Case data were ob-

tained from patient records. A review of the literature was done to seek reports of1 Department of Clinical Oncology, Royal North
pulmonary toxicity with gemcitabine and cytosine arabinoside (ara-C).Shore Hospital, St. Leonards, Australia.
RESULTS. The common features of the respiratory illnesses of the three patients

2 Department of Haematology & Medical Oncol- in this study were tachypnea, marked hypoxemia, and an interstitial infiltrate on
ogy, Peter MacCallum Cancer Institute, Mel-

chest radiograph consistent with pulmonary edema. There was no evidence ofbourne, Australia.
underlying heart disease in any patient. In addition, there was no evidence of

infection, metabolic causes, or lymphangitic carcinomatosis to explain the clinical

findings. Two patients died, and postmortem examination confirmed acute RDS

(respiratory distress syndrome), whereas in the third patient a transbronchial bi-

opsy showed interstitial pneumonitis. These findings were consistent with drug-

induced pulmonary toxicity. Diuretics and corticosteroids were useful measures

for treating the patients’ symptoms, and one patient survived after gemcitabine

was withdrawn.

CONCLUSIONS. These three cases of acute RDS may be the result of a capillary leak

phenomenon due to treatment with gemcitabine, as observed in patients given

intermediate dose and high dose ara-C, a drug similar in structure and metabolism

to gemcitabine. The authors suggest caution in repeated administration of gemci-

tabine to patients who develop unexplained noncardiogenic pulmonary edema.

Withdrawing gemcitabine and administering corticosteroids and diuretics may

help to avert a fatal outcome. Cancer 1997;80:286–91.

q 1997 American Cancer Society.

KEYWORDS: medical oncology, chemotherapy, pneumonitis, interstitial, acute respi-
ratory distress syndrome.

Gemcitabine (2*2*-difluorodeoxycytidine) is a new deoxycytidine
analogue with structural similarities to cytosine arabinoside (ara-

C) but with demonstrated single agent activity in nonsmall cell lungPresented in part, in abstract form only, at the
carcinoma1,2 and carcinoma of the pancreas,3–5 breast, 6 and ovary.7,8

32nd Annual Meeting of the American Society
It differs structurally from ara-C by the substitution of two fluorineof Clinical Oncology, Philadelphia, Pennsylva-

nia, May 18–21, 1996. atoms at the 2* position of the carbohydrate moiety. Despite the
structural similarities, the two drugs have different cellular pharma-

Address for reprints: David R. Bell, M.B.B.S., cology and schedule dependency.9

Department of Clinical Oncology, Royal North Like ara-C, gemcitabine requires intracellular conversion to its
Shore Hospital, St. Leonards NSW 2065, Aus-

active forms, via phosphorylation in stepwise fashion by deoxycyti-tralia.
dine kinase.10,11 Gemcitabine is transported more readily into the cell
than ara-C and is more lipophilic. The intracellular concentration ofReceived December 23, 1996; revision received

March 19, 1997; accepted March 19, 1997. the active triphosphate is 20 times that of ara-C, as has been shown

q 1997 American Cancer Society
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in Chinese hamster ovary cells.9 Gemcitabine self-po- tory acute myeloid leukemia, has clearly been associ-
ated with acute or subacute pulmonary syndrometentiates its actions in at least three ways. Its metabo-

lite, gemcitabine diphosphate, inhibits ribonucleotide manifesting as non cardiogenic pulmonary edema and
often progressing to an acute RDS (respiratory distressreductase, an enzyme involved in producing deoxy-

nucleotides for normal DNA synthesis and repair; this syndrome). The incidence of this syndrome varies
from 13% to 28% and has been documented in bothleads to lower levels of deoxynucleotide triphosphates,

which oppose the feedback inhibition of deoxycytidine intermediate dose and high dose ara-C.14–19

The onset of acute RDS has been reported 2–38kinase, leading to increased production of the acti-
vated phosphorylated forms of gemcitabine. Gemci- days posttreatment (median, 6–8 days).14,15,18 A spec-

trum of radiologic abnormalities exists, including dif-tabine also directly and indirectly inhibits the action
of deoxycytidine monophosphate deaminase, its fuse interstitial, mixed interstitial-alveolar, and alveo-

lar pulmonary changes.17 The mortality rate variesbreakdown enzyme.10 Like ara-C, its cytotoxicity is me-
diated by incorporation into DNA, inhibiting DNA syn- from 9% to 69%.14 The mechanism of lung injury

caused by ara-C is thought to be a direct cytotoxicthesis.10,11 However, by a process known as ‘‘masked
chain termination,’’ one more deoxynucleotide is effect causing capillary endothelial damage and subse-

quent fluid leakage and pulmonary edema.14,15added to the DNA molecule before replication is termi-
nated. This makes gemcitabine DNA binding more du- We report a series of three cases of life-threatening

pulmonary insufficiency with noncardiogenic pulmo-rable than ara-C by masking its incorporation into
DNA and making it more resistant to removal by DNA nary edema after treatment with gemcitabine, two of

which were fatal.repair enzymes.10

These differences in cellular pharmacology might
explain the greater solid tumor activity of gemcitabine. CASE 1

A woman age 58 years was referred with Stage IV ovar-Its lack of significant toxicity, coupled with its modest
activity and symptomatic benefits, have seen it gain ian carcinoma 15 months after primary debulking sur-

gery and 7 months after completion of 8 cycles of cis-regulatory approval in the U.S., Europe, and Australia,
as palliative therapy for advanced nonsmall cell lung platin 100 mg/m2, doxorubicin 50 mg/m2 (cumulative

dose 337 mg), and cyclophosphamide 500 mg/m2, ad-carcinoma and/or pancreatic carcinoma. Myelosup-
pression is the major dose-limiting toxicity, yet the ministered intravenously every 4 weeks. She had pal-

liative suboptimal debulking of her recurrent pelvicincidence of World Health Organization (WHO) Grade
3–4 toxicity is less than 29%, with less than 1% of disease, and 7 weeks later she commenced treatment

with gemcitabine at a dose of 1200 mg/m2 given intra-patients requiring discontinuation of therapy.12

The most commonly reported toxicities are mild- venously on Days 1, 8, and 15 every 4 weeks. She had
no prior medical illnesses and in particular no priorto-moderate nausea and vomiting (65% of cases, WHO

Grade 3 in 10%), influenza-like symptoms (20%), mild cardiac history. The patient received seven cycles of
gemcitabine with clinical improvement and partial ra-skin rash (26%; with pruritis, 10%), reversible elevation

in serum transaminases (69%), fever (30–50%), and diologic response on follow-up.
The observed toxicities were WHO Grade 1 nau-peripheral edema (9–40%).1,2,5,6,12,13

Dyspnea after gemcitabine therapy is reported to sea; WHO Grade 1 thrombocytopenia, which necessi-
tated dose reduction of Day 15 treatment by 25% andoccur in 8% of patients, with serious dyspnea oc-

curring in 5%.13 In a review of dyspnea after treatment 1 omission in Cycle 6 on Day 15; and WHO Grade 2
anemia, which necessitated blood tranfusion duringwith gemcitabine, it was found that discontinuation

of gemcitabine was necessary in only 0.6% of cases.13 Cycles 4 and 6. Exertional dyspnea was first reported
after treatment on Day 15 in Cycle 4 and was associ-The dyspnea is usually mild and self-limiting, occurs

within hours of injection, and may be associated with ated with a dry cough. There was a gradual and pro-
gressive course over a 2-week period associated withbronchospasm in a minority of cases.1,2,6,12,13 Many of

the patients reporting dyspnea after gemcitabine treat- facial and peripheral edema. The patient was admitted
to the hospital with tachypnea (respiratory rate 33/ment had lung carcinoma or lung pathology from

other malignancies, and it is possible that the dyspnea minute), arterial hypoxemia (pO2 53 mmHg with pCO2

33 mmHg), anemia (hemoglobin 9.0 g/dL), and a bilat-may have been disease-related.13 One case of dyspnea
reported after gemcitabine treatment was associated eral interstitial pulmonary infiltrate on chest X-ray

consistent with pulmonary edema. Clinical examina-with pulmonary infiltrates radiologically. Withdrawal
of gemcitabine and administration of corticosteroids tion showed signs of raised venous pressure, periph-

eral edema, and bilateral basal crackles on ausculta-resulted in improvement.6

Ara-C, however, when used for relapsed or refrac- tion of the chest. She responded well to diuretic ther-
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apy and was placed on captopril 25 mg three times a saturation 91%), her renal function began to deterio-
rate, so the diuretics were ceased on the fifth day.day (t.i.d.) on the presumptive diagnosis of heart fail-

ure. She was discharged from hospital after 5 days, at Twenty-four hours later, her condition rapidly deterio-
rated; and despite aggressive diuretic therapy and highwhich time an echocardiogram showed no evidence

of left ventricular dysfunction. Apart from stable mild dose steroids (48 mg of dexamethasone per day), she
died.dyspnea on exertion, no increased dyspnea was re-

ported during Cycle 5. A postmortem examination was performed. This
showed minimal coronary atherosclerosis, no evi-The patient was readmitted to the hospital with

progressive dyspnea 13 days after Day 8 of Cycle 6, dence of myocardial infarction, small bilateral serous
pleural effusions with congested lungs, and ascites andwith hemoglobin 9.6 g/dL. Chest X-ray showed inter-

stitial edema and small bilateral basal pleural effu- tumor in the abdomen. Histologically the lungs
showed patchy alveolar hemorrhage and edema withsions. There was a further good response to diuretic

therapy (furosemide 80 mg daily) in addition to ni- alveolar wall inflammation, edema, and focal hyaline
membrane formation, but no evidence of malignancy.trates (isosorbide mononitrate 60 mg daily) and vaso-

dilator therapy (hydralazine 50 mg t.i.d.). Serial chest These features were consistent with early acute RDS.
X-rays showed clearing of the edema.

A repeat echocardiogram again showed no left
CASE 2ventricular systolic or diastolic dysfunction. A ventila-
A man age 48 years presented with large cell carci-tion perfusion lung scan had no features to suggest
noma of the lung. He had a history of asthma, whichpulmonary embolism. Lung function testing showed
was treated with inhaled steroids and salbutamol. Hea ratio of 1-second forced expiratory volume to forced
was an ex-smoker, with a 20 pack year history, and avital capacity of 1.57L/2.25L (64% and 77% of pre-
former marathon runner. He had a left pneumonec-dicted, respectively) with a reduced diffusing capacity
tomy but relapsed 6 months later with mediastinal(ratio of carbon monoxide diffusing capacity of the
lymph node disease, for which he was treated withlungs to alveolar ventilation 51% of predicted). She
radiotherapy at a dose of 64 gray in 34 fractions withhad a transient episode of atrial fibrillation during this
anterior/posterior fields to the mediastinum, with 2admission but reverted to sinus rhythm after com-
cycles of concomitant carboplatin at a dose of 100 mg/mencement of digoxin. Although there was no clear
m2 for 3 consecutive days every 4 weeks. One weekevidence of a cardiac cause for this pulmonary edema,
after completing radiotherapy, he presented with rightthe patient continued treatment with digoxin (125 g
adrenal and para-aortic lymph node metastases.daily), nitrates, hydralazine, and diuretics, as occult

Consequently, he was commenced on gemcitab-coronary artery disease had not been ruled out.
ine 1250 mg/m2 on Days 1, 8, and 15 every 4 weeks andGemcitabine was continued and the Day 1 and
had clinical improvement (reduced pain from adrenalDay 8 dose of Cycle 7 given. Day 15 was omitted due
metastases) but stable disease on CT scan. During histo a platelet count of 30 109/L. Her dyspnea gradually
first course of gemcitabine, he was found to have cere-worsened after each injection and she was readmitted
bral metastases, and he received whole brain radio-11 days after her last dose of gemcitabine with dyspnea
therapy (34 gray in 17 fractions). He was placed onat rest.
dexamethasone 4 mg twice daily during his cerebralThe physical signs were similar to the previous
radiotherapy. Transient dyspnea was observed (WHOadmissions, and again there was absence of fever. She
Grade 1) after each injection during Cycle 1.was markedly hypoxemic (pO2 42 mmHg on air), with

He was admitted to the hospital 12 days after Dayhemoglobin 6.3 g/L, platelet count 13 109/L, white
15 of Cycle 2 with a history of progressive dyspnea,blood cell count 11 109/L with 83% neutrophils and
occurring at rest and associated with productive coughno eosinophilia, urea 25.5 mmol/L, creatinine 0.17
and intermittent sweats. On physical examination, hemmol/L, and albumin 29g/L. Chest X-ray was again
had a temperature of 37.6 7C, tachypnea (35 breaths/consistent with pulmonary edema. She was transfused
minute), central cyanosis, bronchial breath sounds,with 4 units of packed red blood cells and 4 units of
and crackles in the right lung. His hemoglobin wasplatelets and received intravenous diuretic therapy. A
11.5 g/L, his white blood cell count was 8.7 109/L withcomputed tomography (CT) scan of the chest showed
95% neutrophils, and his platelet count was 290 109/interstitial edema, and she was commenced on 24 mg
L. Partial pressure of oxygen was 56 mmHg and of CO2dexamethasone daily on the second day of this hospi-
was 36 mmHg with oxygen saturation of 93% on 6 Ltal admission.
of oxygen via a Hudson mask. Chest X-ray showedAfter initial diuresis and some improvement in

arterial oxygenation (pO2 58 mmHg on air with oxygen widespread air space opacity in the right lung with
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interstitial basal changes consistent with pulmonary biopsy showed nonspecific interstitial pneumonitis
consistent with drug-induced lung toxicity.edema.

He began receiving antibiotics (intraveous ceftri- Dexamethasone 16 mg per day was commenced,
and over the next 5 days there was progressive clinicalaxone and oral roxythromycin) in addition to diuretic

therapy (furosemide 40 mg daily) and intravenous cor- and functional improvement. Her oxygen saturation
increased to 98% on room air with no desaturation onticosteroids (hydrocortisone 400 mg per day). Despite

this, he had rapid deterioration and died of acute res- exercise. Her chest X-ray cleared apart from a small
area of basal atelactasis. After 1 week her steroids werepiratory failure 3 days after admission to the hospital.

A postmortem examination was performed. There changed to prednisolone 60 mg/day. A repeat chest
CT scan after 2 weeks of steroid therapy showed thatwas no evidence of significant heart disease. Within

the lungs there was no evidence of infection, lymphan- the air space infiltrate had resolved, but there were
persistent abnormalities at the right lung base consis-gitis carcinomatosis, or radiation pneumonitis. How-

ever, there was extensive hyaline membrane formation tent with linear subsegmental atelectasis or a fibrotic
process.with hyperplasia of type II pneumocytes as well as

interstitial and intra-alveolar edema consistent with No further gemcitabine was given, and over the
next 2 months the steroid therapy was progressivelydiffuse alveolar damage (acute RDS).
tapered and ultimately withdrawn with no recurrence
of respiratory symptoms. The patient died of progres-

CASE 3 sive ovarian carcinoma 6 months after the episode of
A woman age 55 years was referred with suboptimally lung toxicity. No postmortem was performed.
debulked Stage IIIC epithelial ovarian carcinoma,
which progressed during 2 cycles of carboplatin and DISCUSSION
cyclophosphamide. She had no radiologic evidence of Severe dyspnea with gemcitabine has an incidence of
pulmonary metastases and no history of respiratory 3–5 %.12,13 We have treated over 170 patients with
disease, and she was a nonsmoker. She received 3 cy- gemcitabine, and the 3 patients discussed herein were
cles of gemcitabine 1250 mg/m2 on Days 1, 8, and15 the only ones with significant pulmonary toxicity.
every 4 weeks with clinical improvement and partial These three cases illustrate the rare occurrence of non-
response on CT scan. The observed toxicities were fe- cardiogenic pulmonary edema with the clinical mani-
ver to 38.5 for 24–48 hours after each injection and festations of acute RDS after treatment with gemcitab-
Grade 2 skin rash. ine. The fatal outcome in Cases 1 and 2 may be attrib-

One week after Day 15 of Cycle 3, she presented utable to repeated insult to the lungs with the ongoing
with rapidly progressive dyspnea. Prior to this she had administration of gemcitabine. Diuretic therapy did
had no respiratory symptoms. Physical examination provide transient relief, especially in Case 1. Cortico-
showed fever (39 C), tachypnea (24/minute), and bilat- steroids provided maximum benefit in Case 3 when it
eral basal crackles. Her hemoglobin was 99 g/L, her was commenced early during the acute illness coupled
white blood cell count was 9.0 109/L, her neutrophils with the withdrawal of gemcitabine. In contrast, Case
were 6.0 109/L with toxic changes, and her platelet 2 was receiving corticosteroids prior to the onset of
count was 190 109/L. Broad spectrum intravenous an- lung symptoms, and their use did not prevent rapid
tibiotics (ticarcillin with clavulanate, gentamicin, and onset of acute RDS.
erythromycin) were administered without improve- Case 2 had a much more rapid clinical course. The
ment. Serial chest X-rays showed progressive bilateral onset of respiratory failure was 6 weeks after com-
pulmonary infiltrates. There was no clinical evidence mencement of gemcitabine and 7 weeks after comple-
of cardiac failure. A chest CT scan showed extensive tion of mediastinal radiotherapy. This close relation-
infiltrates throughout both lungs with areas of peri- ship to both modalities of treatment makes it more
bronchial consolidation and collapse. Blood cultures difficult to establish the dominant cause. Moreover,
were sterile. Serology for psittacosis, legionella, and gemcitabine has been shown to have potent radiosen-
mycoplasma were negative. sitization of tumor cells in vitro.20,21 It is possible that

Over the 5 days that followed, her clinical condi- in vivo, it could exacerbate radiation effects on normal
tion deteriorated with persistent fever, worsening oxy- tissues. However, the radiologic and postmortem
gen saturation ( 71% on air), and arterial hypoxemia findings in Case 2 are in keeping with drug-induced
(pO2 45 mmHg). She underwent bronchoscopy, bron- and not radiation pneumonitis. The typical radiologic
choalveolar lavage, and transbronchial biopsy of the features of radiation pneumonitis are a diffuse infil-
right upper lobe. No pneumocystis organisms were trate within the radiation field, although cases of bilat-

eral radiation pneumonitis have been reported rarelyobserved and no fungi were observed or cultured. The
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and usually in patients receiving higher doses of radio- tural and metabolic similarities between ara-C and
gemcitabine, perhaps the mechanism of lung injury istherapy or with coexisting chest infection.22–24

Histologically, there is no pathognomonic feature common to both these drugs.
Although gemcitabine is generally a well-toleratedof radiation pneumonitis, but typical features have

been described.22 These include vasculitic changes af- chemotherapeutic agent, we recommend prompt dis-
continuation and lung biopsy to confirm drug-in-fecting capillaries, arterioles, and small arteries with

vessel wall edema; proliferation and presence of subi- duced pneumonitis in patients with unexplained non-
cardiogenic pulmonary edema with an acute or sub-ntimal, lipid-laden macrophages; desquamation of

cells into alveolar lumens; alveolar septal thickening; acute presentation. We also recommend caution in
administering gemcitabine to patients who have hadand widespread eosinophilic hyaline membrane for-

mation.22 recent radiotherapy, due to gemcitabine’s potent in
vitro radiosensitization properties and because radio-Although present in the lung of Case 2, hyaline

membrane formation is not specific for radiation therapy could not be excluded from having a causal
role in the pulmonary toxicity observed in Case 2 ofpneumonitis,22 and there were no other typical fea-

tures of radiation pneumonitis in the postmortem our study. In established cases, diuretic therapy and
corticosteroids may be helpful, in addition to with-findings for this patient.

Clinical benefit has been reported for patients drawal of gemcitabine.
with noncardiogenic pulmonary edema and ara-C
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