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BACKGROUND. Hemolytic uremic syndrome (HUS) is a rare condition that occa-
sionally is reported in cancer patients. Recently it has been observed that gemcit-
abine rarely may be associated with this condition.

METHODS. The manufacturer’s safety database and literature were reviewed for any
report regarding gemcitabine associated with renal and hematologic abnormali-
ties. Descriptive analysis was used to examine each case for an association between
gemcitabine therapy and HUS and to identify its incidence and risk factors.
RESULTS. Through December 31, 1997, 12 cases were identified that fit either the
clinical (uremia, microangiopathic hemolytic anemia, and thrombocytopenia) or
pathologic (renal biopsy) criteria for HUS. There were 7 males (58%) and 5 females
(42%) with a median age of 55.5 years (range, 37-73 years). The median duration
of gemcitabine therapy was 5.8 months (range, 3.8-13.1 months). Six patients died,
five improved, and one patient’s outcome was unknown. Among the six deaths,
three patients died of cancer progression, one patient died of an unrelated myo-
cardial infarction, and two patients died of HUS or HUS-related complications. For
the five patients who improved, treatment was comprised of dialysis, plasmaphere-
sis, splenectomy, or a combination. Attempts to correlate patient demographics,
primary malignancy, and cumulative gemcitabine dose failed to identify consistent
risk factors in predisposing patients to HUS. Confounding factors were common,
including mitomycin-C and/or 5-fluorouracil exposure, advanced stage tumors, or
preexisting renal dysfunction.

CONCLUSIONS. Based on a patient exposure of 78,800, a crude overall incidence
rate of 0.015% (range, 0.008—0.078%) was determined, showing that HUS associ-
ated with gemcitabine treatment appears to be rare. Nonetheless, as with other
cancer treatments, clinicians should weigh the appropriate risk/benefit ratio in
using gemcitabine to treat their patients. Cancer 1999;85:2023-32.

© 1999 American Cancer Society.
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pathic hemolytic anemia, thrombotic microangiopathy.

H emolytic uremic syndrome (HUS) is a rare condition that is severe
and may be fatal.'"'° It first was described in 1955 in Switzerland
by Gasser et al., who observed a pediatric patient with microangio-
pathic hemolytic anemia, thrombocytopenia, and acute renal failure
after an episode of bloody diarrhea.'® Initially believed to be a disease
mainly occurring in children after an acute bacterial or viral gastro-
intestinal infection, it now is known that HUS may be associated with
a wide variety of conditions.>®!*'7!8 Indeed, the majority of adult
HUS cases occur without preceding episodes of diarrhea.>?'"'?

It was noted that HUS can be associated with malignancies,
especially metastatic adenocarcinomas such as those of the stomach,
colorectum, breast, lung, and, less commonly, metastatic prostate
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carcinoma.?~%” In 1979, the first case of chemothera-
py-induced HUS was recognized in a patient with
epidermoid carcinoma treated with mitomycin C
(MMC) and 5-fluorouracil (5-FU).22-*3 Since then, sev-
eral other chemotherapeutic agents, including cispla-
tin and bleomycin, have been reported to be associ-
ated with HUS.**~>! This condition also has occurred
in association with radiation therapy and after bone
marrow transplantation.’*~>8

Gemcitabine is a novel nucleoside analogue with
activity against pancreatic adenocarcinoma and non-
small cell lung carcinoma (NSCLC) as well as other
solid tumors.>®~%! It recently has been observed that
gemcitabine rarely may be associated with HUS.5>53
This review examines the incidence of HUS associated
with gemcitabine in the Eli Lilly and Company World-
wide Pharmacovigilance and Epidemiology safety da-
tabase and attempts to identify the incidence of risk
factors with such occurrences.

METHODS

A search was performed using the Eli Lilly and Com-
pany Worldwide Pharmacovigilance and Epidemiol-
ogy safety database, which also is known as the Drug
Experience Network (DEN) database. DEN is a com-
puterized system established in 1983 for the world-
wide collection, storage, and reporting of adverse
events involving the manufacturer’s products. DEN
includes clinical trial events described as “serious”
according to U. S. Food and Drug Administration reg-
ulations as well as serious and nonserious adverse
events reported spontaneously from postmarketing
experience (including reports from the scientific liter-
ature). The adverse event cases were collected and
entered into the database using the Coding Symbol
and Thesaurus for Adverse Reaction Terminology
(COSTART) mapping classification.

Today, HUS commonly is defined by the clinical
triad of acute uremia, microangiopathic hemolytic ane-
mia, and thrombocytopenia.'"#12!516 To capture all
spontaneous and clinical trial cases that potentially
could be related to HUS, the DEN database was searched
from August 1, 1987 to December 31, 1997, the 10-year
period since gemcitabine first was studied in humans. In
addition to the terms “HUS” and “thrombotic thrombo-
cytopenic purpura (TTP),” a comprehensive search of
possible terms related to renal and hematologic abnor-
mality was conducted. (Although TTP is included in the
COSTART mapping dictionary, HUS is not. HUS cus-
tomarily is mapped to “uremia” in safety adverse event
reporting.) The 18 COSTART terms used in the search
are as follows: uremia, kidney failure, acute kidney fail-
ure, kidney function abnormal, blood urea nitrogen
(BUN) increased, creatinine increased, creatinine clear-

ance decreased, renal hypertension, thrombocyto-
penic purpura, thrombotic thrombocytopenic purpura,
thrombocytopenia, lactate dehydrogenase (LDH) in-
creased, hemolysis, hemolytic anemia, hemolytic ane-
mia—direct Coombs test negative, hemolytic anemia—
direct Coombs test positive, hemolytic anemia—indirect
Coombs test negative, and hemolytic anemia—indirect
Coombs test positive.

Cases generated were reviewed individually to
evaluate patient demographics, gemcitabine dosing
details, clinical presentation, and outcomes. Duplicate
cases were eliminated. In addition, although there
were some cases generated in the initial search with
isolated hemolysis or thrombocytopenia (e.g., due to
bone marrow suppression), close review of the details
found that they did not meet the classic clinical (ure-
mia, microangiopathic hemolytic anemia, and throm-
bocytopenia) or pathologic (renal biopsy) criteria of
HUS. Thus, only 12 cases were considered amenable
for analysis, 6 of which were from clinical trials (Cases
1-6) and 6 of which were postmarketing reports
(Cases 7-12).

Attempts were made to validate individual cases
and to examine risk factors that may have predisposed
patients to HUS. A crude incidence rate was calculated
using worldwide gemcitabine patient exposure data
from clinical trial and commercial use. Based on the
worldwide sales data and internal census on clinical
trials, it is estimated that through December 31, 1997
there were 71,200 postmarketing patients and 7654
clinical trial patients, for a total of 78,800 patients
exposed to gemcitabine worldwide. A descriptive sta-
tistical approach was used for the current analysis. An
additional literature search did not reveal any other
cases not already in the manufacturer’s safety data-
base.

RESULTS

Demographic and Malignancy Type

The basic demographic information of the 12 HUS
cases is displayed in Table 1. Based on an estimated
worldwide gemcitabine patient exposure of 78,800, a
crude incidence rate of 0.015% was determined over-
all, with an incidence rate of 0.078% (6 of 7654) for
clinical trials and 0.008% (6 of 71200) for spontaneous
sources (reported by practicing oncologists). The
cases included 7 males (58%) and 5 females (42%) with
a median age of 55.5 years (range, 37-73 years). Over-
all, there did not appear to be any specific correlation
between gender and age with the reported incidence
of HUS. Although there appeared to be more patients
between the ages of 50-69 years and a slightly higher
representation of males in the current review, this
observation may be more representative of the natural



TABLE 1
Demographic, Tumor Type, and Prior Chemotherapy Treatment
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Patient no. Age (yrs) Gender Primary tumor Stage Prior chemotherapy
1 64 F NSCLC IMA None

2 37 M NSCLC 1A None

3 65 M Pancreatic v None

4 43 M Gastric v None

5 59 M Pancreatic 1A MMC

6 73 F Pancreatic v MMC and 5-FU
7 62 M Pancreatic v 5-FU

8 52 F Pancreatic v None

9 50 M NSCLC Unknown None

10 59 F Biliary \Y None

11 45 M NSCLC I\ None

12 52 F Pancreatic v 5-FU

F: female; NSCLC: nonsmall cell lung carcinoma; M: male; MMC: mitomycin C; 5-FU: 5-fluorouracil.

disease prevalence among these patients (e.g., lung
carcinoma is more common among middle-aged male
smokers) rather than any gender or age sensitivity to
this event.

An analysis was performed to evaluate whether
the primary tumor itself had any correlation with the
HUS event. Again, there did not appear to be any
particular tumor in this small group of patients that
would make patients more susceptible to HUS. The
primary malignancies were those of the pancreas
(50%), lung (33%), stomach (8.5%), and biliary tract
(8.5%). The slightly higher representation of lung and
pancreatic carcinomas merely reflect the current in-
dications for the use of gemcitabine among these pa-
tients.

Symptoms and Diagnosis

Among the 12 patients, 6 patients had a renal biopsy
with classic microangiopathic changes in the renal
arterioles and another patient died and underwent an
autopsy that confirmed the diagnosis. All patients ex-
perienced acute uremia and eight were known to have
been treated by dialysis. With the exception of two
patients for whom some hematologic data were not
available (diagnoses were made by renal biopsy), all
patients exhibited the classic triad of acute uremia,
microangiopathic hemolytic anemia, and thrombocy-
topenia.

In addition to renal and hematologic manifesta-
tions, hypertension was the most common other find-
ing with 7 of the 12 patients having either new onset
hypertension or exacerbation of underlying hyperten-
sion. Pulmonary symptoms and central nervous sys-
tem (CNS) symptoms also were common with six pa-
tients having pulmonary complications and four
patients reporting nonspecific CNS symptoms such as

headache, blurred vision, or confusion. The clinical
characteristics of these patients are presented in Ta-
ble 2.

Dose Response Relation/Time of Event in Relation to
Last Treatment

An attempt was made to evaluate whether a dose
response effect could be demonstrated with gemcit-
abine and the reported incidence of HUS. Table 3
shows the dose and duration of treatment among
these 12 patients. The median duration of therapy was
5.8 months (range, 3.8-13.1 months).

The duration between the last gemcitabine infu-
sion and the onset of the event was reviewed. The data
showed that 8 patients developed HUS within 1
month from the time of the last infusion and 4 pa-
tients developed the condition between 1-2 months
from the time of the last infusion. Of note is that the
majority of patients had advanced disease (8 of the 12
patients had metastases). This contrasts with what is
suggested in the literature, namely that the majority of
chemotherapy-induced HUS occurs when patients
have a low tumor burden.

An analysis was performed for all 12 cases to eval-
uate whether a dose response relation existed between
the total number of doses given and the HUS event.
The analyses were based on the number of gemcitab-
ine doses given to the patients. There was a median of
17.5 doses (or approximately 6 cycles of treatment
with 3 infusions per cycle) with a range of 8-39 doses.
In these patients, there did not appear to be a dose
response relation between the number of gemcitabine
doses given and the HUS event.

An alternate analysis was performed to evaluate
whether the HUS event demonstrated any dose re-
sponse relation with the cumulative quantity of gem-



2026 CANCER May 1, 1999 / Volume 85 / Number 9

TABLE 2

Clinical Presentation, Pathologic Diagnosis, and Outcome of the 12 Patients

Clinical triad®

Patient

no. u T M Pathologic studies Other symptoms Remarks

1 X X X Renal biopsy at autopsy showed microangiopathic New onset hypertension, dyspnea and Treated with dialysis. Died of
lesions consistent with HUS. abnormal ABG. pneumonia and acute renal

failure.

2 X X X Renal biopsy showed microangiopathic changes. Nocturnal dyspnea, headache, and Treated with dialysis. Died of

blurred vision. disease progression.

3 X N/A  N/A  Renal biopsy showed thrombotic angiopathic changes ~ New onset hypertension. Died of unrelated MI.
and nephritis.

4 X X X No biopsy performed. Dyspnea, orthopnea, and exacerabtion of ~ Treated with dialysis and improved.

existing hypertension.

5 X X X Schistocytes on blood smear. No other symptoms noted. Unknown.

6 X X X Schistocytes and burr cells on blood smear. No other symptoms noted. Treated with plasmaphoresis; died

of disease progression.

7 X X X Kidney biopsy showed microangiopathic lesions. Dyspnea, pulmonary edema, and Treated with dialysis and
Schistocytes and fragmented RBCs on blood exacerbation of existing hypertension. plasmaphoresis. Died of renal
smear. failure and other complications.

8 X X X No biopsy performed. New onset hypertension. Treated with plasmaphoresis,

immunoglobulins, and
splenectomy and improved.

9 X NA X Renal biopsy showed microangiopathic lesions. No other symptoms noted. Treated with dialysis and

plasmaphoresis and improved.

10 X X X Renal biopsy showed thrombotic microangiopathy of ~ Dyspnea, headache, and new onset Improved on dialysis.
the arterioles. hypertension.

11 X X X Renal biopsy showed occlusion of small renal arteries ~ Headache, new onset hypertension, Treated with plasmapheresis,
due to mucoid widening of the intima and jaundice, and febrile. steroids and hemodialysis.
presence of fibrin thrombi, thickening of the Hemolysis resolved but patient
glomerular capillary walls, diffuse interstitial progressed to develop chronic
fibrosis, and chronic tubular damage. Schistocytes renal failure.
found on blood smear.

12 X X X Peripheral blood smear showed fragmented RBCs Pulmonary edema and confusion. Treated with dialysis. Died of

and schistocytes.

disease progression.

U: uremia (anuria, oliguria, or elevated blood urea nitrogen/creatinine with or without the need for hemodialysis); T: thrombocytopenia; M: microangiopathic hemolytic anemia (fragmented red blood cells,
schistocytes, burr cells, increased reticulocyte count, indirect bilirubin, lactate dehydrogenase, or fibrin split products); HUS: hemolytic uremic syndrome; ABG: arterial blood gas; MI: myocardial infarction; RBCs:

red blood cells; NA: not available.

citabine infused (mg/m?. The median quantity of
gemcitabine infused was 18,252 mg/m? (range, 2450—
40,269 mg/m?). Again, no dose response relation was
demonstrated.

Patient Outcomes

The outcomes of the 12 patients were analyzed to
determine whether these patients recovered or died.
As of December 31, 1997 (the data lock point of the
current review), outcomes showed that six patients
died, five patients improved, and the outcome was
unknown for one patient. Of the six patients who died,
three patients died of disease progression and one
died of an unrelated myocardial infarction. Two pa-
tients died of HUS or HUS-related complications. Of
these deaths, the duration between the time of HUS
diagnosis to the time of death ranged from 1-21 weeks

(median, 11.5 weeks). For the five patients who im-
proved, treatment was either dialysis (two patients), a
combination of dialysis and plasmapheresis (two pa-
tients), or plasmapheresis and splenectomy (one pa-
tient).

Gonfounding Factors

Confounding factors were fairly common. All patients
except one had advanced stage disease. Two patients
also had preexisting renal dysfunction. A total of four
patients had received other prior chemotherapy treat-
ment (Table 1), but none received combination che-
motherapy with gemcitabine. One patient had prior
treatment with MMC, two patients received prior
5-FU, and one patient received both MMC and 5-FU.
Except for the patient receiving single agent MMC
whose elapsed time since receiving a prior chemother-



TABLE 3
Dose and Duration of Treatment

Patient Duration of No. of doses Cumulative dose
no. treatment (mos) received received (mg/m?)
1 3.8 12 9204

2 5.0 18 18,720

3 13.1 39 40,269

4 5.4 16 25,200

5 6.0 20 15,750

6 6.5 20 20,000

7 10.8 29 29,000

8 5.5 17 17,000

9 5.8 8 2450

10 5.8 18 17,784

11 7.0 17 21,250

12 45 15 12,000

Median 5.8 months 175 18,252 mg/m?

The usual dose of gemcitabine is 1000 mg/m? for 3 weeks (with 1-week rest) per cycle for nonsmall cell
lung carcinoma and 1000 mg/m? for 7 consecutive once weekly doses initially for pancreatic carcinoma
followed by cycles of treatment 3 of every 4 weeks thereafter.

apy regimen was unknown, the elapsed time between
the prior chemotherapy and the initiation of gemcit-
abine for the other 3 patients ranged from 1-12
months (median, 6 months). Overall, although these
four patients had received other chemotherapy that
was reported to be associated with HUS, the exact
contributory roles of these agents to the HUS events
observed at the time of our study were difficult to
delineate.

Statistical Analysis

In the majority of drug safety or spontaneous adverse
event reporting system analyses, it is common to use a
descriptive statistical approach to review the data due
to the nature of the data collection. Therefore the
descriptive statistical approach was used in this report
rather than the more conventional P value compari-
son. A potential reporting bias (either underreporting
or overreporting) always is possible in spontaneous
adverse event reporting and cannot be eliminated
completely nor determined accurately. Because of the
small number of cases, a full statistical comparison
was not believed to be meaningful. Overall, the major
objective of the cases reported in this review was to
reflect our current experiences and to serve to illus-
trate some characteristics of these patients.

DISCUSSION

HUS is a rare clinical condition that occasionally is
reported in cancer patients.'™*® It can be caused by the
underlying malignancy itself?°*” and also has been
associated with some chemotherapeutic agents.?®~>!

Hemolytic Uremic Syndrome and Gemcitabine/Fung et al. 2027

For example, metastatic adenocarcinomas such as
those of the stomach, colorectum, breast, lung, and,
less commonly, metastatic prostate carcinoma have
been reported to cause HUS.?°7?” In addition, therapy
with MMC, 5-FU, cisplatin, and bleomycin also have
been reported to be associated with this condi-
tion.28~>!

In addition to malignancy and chemotherapies,
there are several other conditions reported to be as-
sociated with HUS.>#%141718 [n addition to the origi-
nally described condition preceded by acute gastroin-
testinal infection (viral or Escherichia coli E157:01),
other conditions such as human immunodeficiency
virus infection, collagen vascular disease (e.g., sys-
temic lupus erythematosus or scleroderma), preg-
nancy, and postpartum condition have been reported
to be associated with HUS.>®%'*'%!8 Many non-
chemotherapeutic drugs such as cyclosporine A, FK-
506, and estrogens also have been implicated in
HUS.29536% Because of the variety of conditions and
drugs associated with HUS, it is difficult to ascertain
the contribution of each to HUS, especially if such
factors coexist in the same patient.

It can be difficult to discriminate between HUS
that is caused by an underlying malignancy and that
caused by chemotherapy.?*3%* There are literature
reports suggesting that malignancy-associated HUS
usually occurs during widespread metastatic disease
or poorly controlled carcinomas, whereas chemother-
apy-associated HUS is more common when the pa-
tient is in disease remission or has minimal tumor
burden.®*~% However, the distinction is not always
clear. For example, as reported by Lesesne et al. in a
series of 85 patients with HUS in which MMC was
used in the majority of cases, only 30 patients (35%)
were in disease remission or had no evidence of tumor
at the time the HUS syndrome manifested.®*® In an-
other series of 39 HUS patients studied by Sheldon
and Slaughter, 82% had received MMC but only 60%
of the patients were in disease remission.'’” In the
current study 67% of the patients developed HUS
within 1 month of the last infusion and all patients
were diagnosed with HUS within 2 months of the last
infusion. However, nearly all patients in this series had
persistent advanced disease at the time they presented
with HUS.

Murgo attempted to distinguish the characteris-
tics of malignancy-induced and chemotherapy-in-
duced HUS and identified several features to separate
the two.®® However, as shown by Gordon and
Kwaan,®* there actually are more similarities than dif-
ferences. For example, both types are associated with
adenocarcinoma, and the higher female prevalence in
chemotherapy-related HUS can be accounted for eas-
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ily by the large number of breast carcinoma patients
who received MMC. Some researchers suggest the
level of serum factors such as tumor necrosis factor-ca,
interleukin-1, and interleukin-6 as well as von Wille-
brand factor (vWF) antigen and low molecular weight
vWF multimers may be used to distinguish between
malignancy-associated HUS and chemotherapy-asso-
ciated HUS.*~"® However, such studies remain exper-
imental and are not readily available in the majority of
community settings.

A literature review of all publications regarding
HUS with the use of gemcitabine identified only two
publications that had been entered into our safety
database and are included in the current review. The
first case (Patient 3) was described by Casper et al.
from the results of a Phase II clinical trial of gemcit-
abine in adenocarcinoma patients.®> A 65-year-old
man had been receiving gemcitabine treatment for
pancreatic carcinoma for > 1 year and developed mild
to moderate elevation of BUN and creatinine levels
(BUN/creatinine = 54/2.2). A renal biopsy showed
thrombotic microangiopathic changes and nephritis.
The patient subsequently died of an unrelated myo-
cardial infarction.

The second literature case (Patient 11) was re-
ported by Brodowicz et al.®® A 45-year-old man was
treated with gemcitabine for NSCLC for approximately
7 months. Baseline renal function and hematologic
parameters were reported to be normal. After therapy,
the patient was found to have renal failure (BUN/
creatinine = 58/7.4), thrombocytopenia (decreased
from 450,000 to 60,000), and hemolytic anemia (frag-
mented red blood cells; an elevated LDH, bilirubin,
and reticulocyte count; and decreased haptoglobin).
Urinalysis showed mild proteinuria, microscopic he-
maturia, and cylindruria. The patient also had hyper-
tension and headache and was jaundiced and febrile.
A renal biopsy showed occlusion of small renal arter-
ies due to mucoid widening of the intima and the
presence of fibrin thrombi. There was prominent
thickening of the glomerular capillary walls with dou-
ble contour appearances, moderate diffuse interstitial
fibrosis, and chronic tubular damage. The patient was
treated with plasmapheresis, corticosteroids, and he-
modialysis. The hemolysis resolved after approxi-
mately 5 weeks of treatment but the patient pro-
gressed to chronic renal failure. Both patients
appeared to experience classic findings of HUS after a
treatment period of 7-12 months.

Although a dose response relation is well docu-
mented for MMC-induced HUS,'>**7*75 our data do
not support such a correlation for gemcitabine in our
review of the 12 patients in this study. Plots of either
the number of doses each patient received, the cumu-

lative dose exposure (as mg/m?), or the duration of
treatment did not show a dose effect or time effect
correlation. Thus, although the gemcitabine therapy
may be associated temporally with HUS, the exact
contributory role remains unclear.

Over the years, there have been many different
types of treatment for patients with HUS.343976-83
These treatments have been comprised of four main
categories: immunocomplex removal (plasmaphere-
sis, immunoadsorption, hemodialysis, or exchange
transfusion), antiplatelet/anticoagulant therapies (an-
tiplatelet drugs, heparin, prostacyclin, or splenecto-
my), immunosuppressive therapies (corticosteroids,
vincristine, or azathioprine), and miscellaneous (fresh
frozen plasma transfusion). Many of these therapies
are safe and quite effective, especially if performed in
specialized institutions. Despite the availability of
these treatments, HUS remains a highly fatal disease.
Estimates of mortality have ranged from approxi-
mately 10-40% in the majority of series"*®"'% but
have been reported to be as high as 60-70% in oth-
ers.'>%%3° Our current review showed a mortality rate
similar to that of the literature. Although 6 of the 12
patients died, only 2 died of HUS or HUS-related
complications. This mortality rate (50%) is not surpris-
ing because the majority of these patients had ad-
vanced disease. For the five patients who improved,
treatment was either dialysis, plasmapheresis, sple-
nectomy, or a combination therein.

HUS perhaps is immunologic in etiology as dem-
onstrated by improvement with therapies aimed at
removing circulating immunocomplexes.>!7880-82
Other authors postulate that microvascular injury is
the cause of the condition.®””"® However, to our
knowledge there is no known mechanism to account
for gemcitabine being a causative agent of HUS. MMC,
a chemotherapy agent known to be associated with
HUS, is an antibiotic that contains quinone, urethane,
and aziridine groups.®*®° It is activated chemically
and metabolically to a variety of alkylating moieties.
However, gemcitabine is a pyrimidine antimetabo-
lite®*~®! and to our knowledge there is no structural or
pharmacologic similarity between MMC and gemcit-
abine. Other chemotherapeutic agents such as cispla-
tin, bleomycin, and 5-FU, with which HUS occasion-
ally has been reported to be associated, also have no
structural similarity with gemcitabine. Conversely,
cytarabine is another oncolytic that contains a cyti-
dine base like gemcitabine. However, although cytar-
abine has been reported to cause mild renal dysfunc-
tion, it has not been noted to result in acute renal
failure or HUS.2%#7 Thus, it is unlikely that the ob-
served event is due to a drug class effect.

Nearly all 12 patients had advanced stage tumors



whereas others also had preexisting renal dysfunction.
In addition, in view of the fact that the majority of
patients had metastatic diseases from a gastrointesti-
nal or lung primary tumor (the presumed prototypic
patients for malignancy-induced HUS) and nearly
none of the patients were in disease remission, it will
be difficult to delineate the exact role of gemcitabine
in contributing to the observed HUS. In addition, four
patients had received prior chemotherapy with MMC
or 5-FU. The contribution of these agents also is un-
clear.

Among the 12 cases presented in this review, 6
were from clinical trials and the other 6 were from
“spontaneous” sources reported by practicing oncolo-
gists. As of December 31, 1997, a total of 7654 patients
had received gemcitabine in the clinical trials. In ad-
dition, based on sales and other marketing data, it was
estimated that approximately 71,200 patients had
been exposed to commercially available gemcitabine.
Thus, the crude incidence of HUS was estimated to
range from 0.078% (6 of 7654) in the clinical trials to
0.008% (6 of 71,200) reported from spontaneous
sources, with an overall incidence of 0.015% (12 of
78,854). Although potential underreporting is possible
(especially from spontaneous sources), when com-
pared with the incidence rates ranging from 2.6-13.0%
cited in the literature for either malignancy-induced
or chemotherapy-induced HUS,'>34463364 the inci-
dence of HUS associated with gemcitabine therapy is
relatively rare.

Although HUS can be underdiagnosed if clinicians
do not maintain a high vigilance, it equally can be
overdiagnosed easily, especially by clinicians who are
not familiar with its diagnostic criteria. One of the
difficulties in diagnosing HUS in cancer patients is
that chemotherapy is known to be associated with
myelotoxicities such as thrombocytopenia and ane-
mia. In addition, because these patients usually are
seriously ill and may have decreased fluid intake, de-
creased cardiac output due to third spacing (e.g., as-
cites), or baseline cardiac problems, they are suscep-
tible to a prerenal state. Furthermore, many patients
with pancreatic or lung tumors (the two major indi-
cations for gemcitabine use) are of older age and are
likely to have other common medical conditions such
as hypertension, diabetes, or other vascular diseases
that by themselves may result in baseline renal com-
promise. Thus, a misdiagnosis of HUS easily can occur
if such a diagnosis is based on individual observations
of renal insufficiency along with common hematologic
derangements of thrombocytopenia and anemia from
chemotherapy without verifying the diagnosis or with-
out exploring the possibility of alternate etiologies.

One way to distinguish isolated renal insufficiency

Hemolytic Uremic Syndrome and Gemcitabine/Fung et al.
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in the presence of myelotoxicity from a true case of
HUS is that in the former instance patients usually do
not have a laboratory suggestion of hemolysis with
microangiopathy (fragmented red blood cells; schisto-
cytes; burr cells; increased reticulocyte count, indirect
bilirubin, and LDH; or fibrin split products). In addi-
tion, the Coombs test should be negative in patients
with renal insufficiency unrelated to HUS and the
anemia and thrombocytopenia from myelosuppres-
sion should be more severe. A renal biopsy, if per-
formed, will not show the classic microvascular dam-
ages with arterioles and small arteries occluded by
eosinophilic hyaline thrombi containing fibrin and
platelet aggregates. In addition, the mild renal insuf-
ficiency should resolve quickly or return to baseline on
rehydration or treatment of the underlying prerenal
state.

Conclusions

In a comprehensive review of our database, very few
cases of confirmed HUS related to gemcitabine ther-
apy were found. The crude rate suggests that the in-
cidence is quite rare and no consistent risk factors
were identified. Confounding factors such as the pri-
mary malignancies or other underlying conditions
may have contributed to some of these cases. To our
knowledge there is no structural similarity between
gemcitabine and MMC or other chemotherapeutic
agents known to cause HUS, nor any known mecha-
nism for a relation between gemcitabine administra-
tion and HUS. In view of the large patient exposure,
HUS remains a rare event. Nonetheless, as with other
treatments for malignancy, clinicians should exercise
prudent judgment in weighing the appropriate risk
versus benefit ratio when using gemcitabine in the
treatment of their patients.

REFERENCES

1. Hollenbeck M, Kutkuhn B, Aul C, Leschke M, Willers R,
Grabensee B. Haemolytic-uraemic syndrome and throm-
botic-thrombocytopenic purpura in adults: clinical findings
and prognostic factors for death and end-stage renal dis-
ease. Nephrol Dial Transplant 1998;13:76-81.

2. Sens YA, Miorin LA, Silva HG, Malheiros DM, Filho DM,
Jabur P. Acute renal failure due to hemolytic uremic syn-
drome in adult patients. Ren Fail 1997;19:279-82.

3. Wu DC, Liu JM, Chen YM, Yang S, Liu SM, Chen LT, et al.
Mitomycin-C induced hemolytic uremic syndrome: a case
report and literature review. Jpn J Clin Oncol 1997;27:115-8.

4. Neuhaus TJ, Calonder S, Leumann EP. Heterogeneity of
atypical haemolytic uraemic syndromes. Arch Dis Child
1997;76:518-21.

5. Proesmans WM. Typical and atypical hemolytic uremic syn-
drome. Kidney Blood Pres Res 1996;19:205-8.



2030

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

CANCER May 1, 1999 / Volume 85 / Number 9

Conlon PJ, Howell DN, Macik G, Kovalik EC, Smith SR. The
renal manifestations and outcome of thrombotic thrombo-
cytopenic purpura/hemolytic uremic syndrome in adults.
Nephrol Dial Transplant 1995;10:1189-93.

Melnyk AM, Solez K, Kjellstrand CM. Adult hemolytic-ure-
mic syndrome. A review of 37 cases. Arch Intern Med 1995;
155:2077-84.

Remuzzi G, Ruggenenti P. The hemolytic uremic syndrome.
Kidney Int 1995;47:2-19.

Siegler R. The hemolytic uremic syndrome. Pediatr Clin
North Am 1995;42:1505-29.

Schieppati A, Ruggenenti P, Cornejo RP, Ferrario F, Grego-
rini G, Zucchelli P, et al. Renal function at hospital admis-
sion as a prognostic factor in adult hemolytic uremic syn-
drome. The Italian Registry of Haemolytic Uremic
Syndrome. J Am Soc Nephrol 1992;2:1640—-4.

Verweij J, Pinedo HM. Mitomycin C: mechanism of action,
usefulness and limitations. Anticancer Drugs 1990;1:5-13.
Hrozencik SP, Connaughton M]J. Cancer-associated hemo-
lytic uremic syndrome. Oncol Nurs Forum 1988;15:755-9.
Hostetter AL, Tubbs RR, Ziegler T, Gephardt G, McMahon J,
Schreiber MJ Jr. Chronic glomerular microangiopathy com-
plicating metastatic carcinoma. Hum Pathol 1987;18:342-8.
Loirat C, Sonsino E, Moreno AV, Pillion G, Mercier JC,
Beaufils X, et al. Hemolytic-uremic syndrome: an analysis of
the natural history and prognostic features. Acta Paediatr
Scand 1984;73:505-14.

Sheldon R, Slaughter D. A syndrome of microangiopathic
hemolytic anemia, renal impairment, and pulmonary
edema in chemotherapy-treated patients with adenocarci-
noma. Cancer 1986;58:1428-36.

Gasser C, Gautier E, Steck A, Siebenmann RE, Dechslin R.
Hamolytish-uramische syndromes bilaterale nierenrhden-
nekrosen bei akuten erwobenchen hamolytischen anamien.
Schweiz Med Wochenschr 1955;85:905-9.

Segonds A, Louradour N, Suc JM, Orfila C. Postpartum he-
molytic uremic syndrome: a study of three cases with a
review of the literature. Clin Nephrol 1979;12:229-42.
Meyrier A, Becquemont L, Weill B, Callard P, Rainfray M.
Hemolytic-uremic syndrome with anticardiolipin antibod-
ies revealing paraneoplastic systemic scleroderma. Nephron
1991;59:493-6.

Kaplan BS, Papadimitriou M, Brezin JH, Tomlanovich §J,
Zulkharnain X. Renal transplantation in adults with autoso-
mal recessive inheritance of hemolytic uremic syndrome.
Am ] Kidney Dis 1997;30:760-5.

Seo DW, Lee YS, Chae JG, Lee MG, Choe GY, Chi HS, et al.
Hepatocellular carcinoma associated hemolytic uremic syn-
drome unrelated to chemotherapy. J Korean Med Sci 1994;
9:254-8.

Milford DV, Goldstein A, Barrett M, Mann JR, Raafat F.
Cancer associated haemolytic uraemic syndrome develop-
ing prior to treatment with cytotoxic agents. Med Pediatr
Oncol 1993;21:142-5.

Kambhu SA, Kelsen DP, Fiore J, Niedzwiecki D, Chapman D,
Vinciguerra V, et al. Metastatic adenocarcinomas of un-
known primary site. Prognostic variables and treatment re-
sults. Am J Clin Oncol 1990;13:55-60.

Lohrman H, Adam W, Heymer B, Kubanek B. Microangio-
pathic hemolytic anemia in metastatic carcinoma. Ann In-
tern Med 1973;79:368-75.

Milutinovic J, Irby S, Fisher M. Hemolytic uremic syndrome
and metastatic malignancy. South Med J 1982;75:1409-11.
Nordstrom B, Strang P. Microangiopathic hemolytic ane-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

mias (MAHA) in cancer: a case report and review. Anticancer
Res 1993;13:1845-9.

Ortega MO, Escuin F, Miguel JL, Gomez FP, Perez FM, Selgas
R, et al. Hemolytic uremic syndrome in a patient with gastric
adenocarcinoma: partial recovery of renal function after
gastrectomy. Clin Nephrol 1985;24:265-8.

Sennesael JJ, Vanden Houte KM, Spapen HD, M.G. de
Bruyne R, Verbeelen DL. Recurrent hemolytic uremic syn-
drome and metastatic malignancy. Am J Nephrol 1987;7:
60-4.

Anai H, Okada Y, Okubo K, Oh Y. A case report of hemolytic
uremic syndrome (HUS) induced by antineoplastic agents. J
Jpn Soc Cancer Ther 1990;25:1487-91.

Chang-Poon VYH, Hwang WS, Wong A, Berry J, Klassen J,
Poon MC. Pulmonary angiomatoid vascular changes in mi-
tomycin C-associated hemolytic-uremic syndrome. Arch
Pathol Lab Med 1985;109:877-8.

Crocker J, Jones E. Haemolytic-uraemic syndrome compli-
cating long-term mitomycin C and 5-fluorouracil therapy
for gastric carcinoma. J Clin Pathol 1983;36:24-9.

D’Elia JA, Aslani M, Schermer S, Cloud L, Bothe A, Dzik W.
Hemolytic-uremic syndrome and acute renal failure in met-
astatic adenocarcinoma treated with mitomycin: case report
and literature review. Ren Fail 1987;10:107-13.

Van Der Gaast A, Verweij J, Planting A, Stoter G. 5-Fluorou-
racil, doxorubicin and mitomycin C (FAM) combination
chemotherapy for metastatic adenocarcinoma of unknown
primary. Eur J Cancer Clin Oncol 1988;24:765-8.

Cantrell JE, Phillips TM, Schein PS. Carcinoma-associated
hemolytic-uremic syndrome: a complication of mitomycin
C chemotherapy. J Clin Oncol 1985;3:723-34.

Sedlacek SM. First-line and salvage therapy of metastatic
breast cancer with mitomycin/vinblastine. Oncology 1993;
50:16-21.

Tohda S, Shiigai T, Jibiki M, Aoi T, Ueda Y, Kawasaki T, et al.
Three cases of drug-induced hemolytic uremic syndrome.
Gan To Kagaku Ryoho 1996;23:361-4.

Mergenthaler HG, Binsack T, Wilmanns W. Carcinoma-as-
sociated hemolytic-uremic syndrome in a patient receiving
5-fluoruracil-adriamycin-mitomycin ¢ combination chemo-
therapy. Oncology 1988;45:11-4.

Seminara P, Franchi F, Abdolrahimzadeh S, Gozzer M, Bar-
one C. Cancer-associated hemolytic-uremic syndrome with
spontaneous resolution: a case report. Tumori 1991;77:
181-4.

Verwey J, Boven E, Van der Meulen J, Pinedo HM. Recovery
from mitomycin C-induced hemolytic uremic syndrome: a
case report. Cancer 1984;54:2878-81.

Lesesne JB, Rothschild N, Erickson B, Korec S, Sisk R, Arbus
M, et al. Cancer-associated hemolytic-uremic syndrome:
analysis of 85 cases from a national registry. J Clin Oncol
1989;7:781-9.

Montes A, Powles TJ, O’Brien ME, O'Brien MER, Ashley SE,
Luckit J, et al A toxic interaction between mitomycin C and
tamoxifen causing the haemolytic uraemic syndrome. Eur J
Cancer 1993;29A:1854 7.

Ellis PA, Luckitt J, Treleaven J, Smith IE. Haemolytic uraemic
syndrome in a patient with lung cancer: further evidence for
a toxic interaction between mitomycin-C and tamoxifen.
Clin Oncol (R Coll Radiol) 1996;8:402-3.

Motoo Y, Sawabu N, Ikeda K, Takemori Y, Ohta H, Okai T, et
al. Long-term follow-up of mitomycin C nephropathy. In-
tern Med 1994;33:180-4.



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Schjolseth SA, Hagen T, Ottestad L, Jakobsen E. Chemother-
apy-induced hemolytic uremic syndrome. A complication to
mitomycin treatment of breast carcinoma. Tidsskr Norske
Laegeforen 1995;115:3371-3.

Angiola G, Bloss JD, DiSaia PJ, Warner AS, Manetta A, Ber-
man ML. Case report: hemolytic-uremic syndrome associ-
ated with neoadjuvant chemotherapy in the treatment of
advanced cervical cancer. Gynecol Oncol 1990;39:214-7.
Desablens B, Fievet P, Pruna A, Claisse JF, Westeel PF,
Tolani M. Hemolytic-uremic syndrome after cancer chemo-
therapy without mitomycin C [letter]. Nephron 1986;42:
343-4.

Fisher DC, Sherrill GB, Hussein A, Rubin P, Vredenburgh JJ,
Elkrody M, et al. Thrombotic microangiopathy as a compli-
cation of high-dose chemotherapy for breast cancer. Bone
Marrow Transplant 1996;18:193-8.

Gradishar WJ, Vokes EE, Ni K, Panje WR. Chemotherapy-
related hemolytic-uremic syndrome after the treatment of
head and neck cancer: a case report. Cancer 1990;66:
1914-8.

Jackson AM, Rose BD, Graff LG, Jacobs JB, Schwartz JH,
Strauss GM, et al. Thrombotic microangiopathy and renal
failure associated with antineoplastic chemotherapy. Ann
Intern Med 1984;101:41-4.

Canpolat C, Pearson P, Jaffe N. Cisplatin-associated hemo-
lytic uremic syndrome. Cancer 1994;74:3059-62.

Gardner G, Mesler D, Gitelman HJ. Hemolytic uremic syn-
drome following cisplatin, bleomycin and vincristine che-
motherapy: a report of a case and a review of the literature.
Ren Fail 1989;11:133-7.

Watson PR, Guthrie TH, Caruana RJ. Cisplatin-associated
hemolytic-uremic syndrome: successful treatment with a
staphylococcal protein A column. Cancer 1989;64:1400-3.
Antignac C, Gubler MC, Leverger G, Broyer M, Habib R.
Delayed renal failure with extensive mesangiolysis following
bone marrow transplantation. Kidney Int 1989;35:1336—44.
Pettitt AR, Clark RE. Thrombotic microangiopathy following
bone marrow transplantation. Bone Marrow Transplant
1994;14:495-504.

Simonsson B, Burnett AK, Prentice HG, Hann H, Brenner
MK, Gibson B, et al. Autologous bone marrow transplanta-
tion with monoclonal antibody purged marrow for high risk
acute lymphoblastic leukemia. Leukemia 1989;3:631-6.
Steele BT, Lirenman DS. Acute radiation nephritis and he-
molytic uremic syndrome. Clin Nephrol 1979;11:272—4.
Van der Lelie H, Baars JW, Rodenhuis S, van Dijk MA, de
Glas-Vos CW, Thomas BLM, et al. Hemolytic uremic syn-
drome after high dose chemotherapy with autologous stem
cell support. Cancer 1995;76:2338—-42.

Verburgh CA, Vermeij CG, Zijlmans JM, van Veen S, van Es
LA. Haemolytic uraemic syndrome following bone marrow
transplantation. Case report and review of the literature.
Nephrol Dial Transplant 1996;11:1332-7.

Ohno E, Ohtsuka E, Iwashita T, Uno N, Ogata M, Kikuchi H,
et al. Case report: hemolytic uremic syndrome following
autologous peripheral blood stem cell transplantation in a
patient with malignant lymphoma. Bone Marrow Trans-
plant 1997;19:1045-7.

Plunkett W, Huang P, Gandhi V. Preclinical characteristics of
gemcitabine. Anticancer Drugs 1995;6:7-13.

Verweij J. New promising anticancer agents in development:
what comes next?. Cancer Chemother Pharmacol 1996;38:3—
10.

Hui YF, Reitz J. Gemcitabine: a cytidine analogue active

Hemolytic Uremic Syndrome and Gemcitabine/Fung et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

2031

against solid tumors. Am J Health-System Pharm 1997;54:
162-70.

Casper ES, Green MR, Kelsen DP, Heelan RT, Brown TD,
Flombaum CD, et al. Phase II trial of gemcitabine (2,2’-
difluorodeoxycytidine) in patients with adenocarcinoma of
the pancreas. Invest New Drugs 1994;12:29-34.

Brodowicz T, Breitender S, Wiltschke C, Zielinski CC. Gem-
citabine-induced hemolytic uremic syndrome: a case re-
port. J Natl Cancer Inst 1997;89:1895-6.

Gordon LI, Kwaan HC. Cancer and drug-associated throm-
botic thrombocytopenic purpura and hemolytic uremic
syndrome. Semin Hematol 1997;34:140-7.

Murgo AJ. Thrombotic microangiopathy in the cancer pa-
tient including those induced by chemotherapeutic agents.
Semin Hematol 1987;24:161-77.

Snyder HW Jr., Mittelman A, Oral A, Messerschmidt GL,
Henry DH, Korec S, et al. Treatment of cancer chemother-
apy-associated thrombotic thrombocytopenic purpura/he-
molytic uremic syndrome by protein A immunoadsorption
of plasma. Cancer 1993;71:1882-92.

Hillyer CD, Duncan A, Ledford M, Barrett TJ, Klumpp SA,
Anderson DC, et al. Chemotherapy-induced hemolytic ure-
mic syndrome: description of a potential animal model.
J Med Primatol 1995;24:68-73.

Monteagudo J, Pereira A, Roig S, Reverter JC, Ordinas A,
Castillo R. Investigation of plasma von Willebrand factor
and circulating platelet aggregating activity in mitomycin
C-related hemolytic-uremic syndrome. Am J Hematol 1990;
33:46-9.

van Setten PA, van Hinsbergh VW, van der Velden TJ, van de
Kar NC, Vermeer M, Mahan JD, et al. Effects of TNF alpha on
verocytotoxin cytotoxicity in purified human glomerular mi-
crovascular endothelial cells. Kidney Int 1997;51:1245-56.
Zeigler ZR, Rosenfeld CS, Andrews DF III, Nemunaitis J,
Raymond JM, Shadduck RK, et al. Plasma von Willebrand
factor antigen (VWF:AG) and thrombomodulin (TM) levels
in adult thrombotic thrombocytopenic purpura/hemolytic
uremic syndromes (TTP/HUS) and bone marrow trans-
plant-associated thrombotic microangiopathy (BMT-TM).
Am ] Hematol 1996;53:213-220.

Matsumae T, Takebayashi S, Naito S. The clinico-patholog-
ical characteristics and outcome in hemolytic-uremic syn-
drome of adults. Clin Nephrol 1996;45:153—62.

Morigi M, Micheletti G, Figliuzzi M, Imberti B, Karmali MA,
Remuzzi A, et al. Verotoxin-1 promotes leukocyte adhesion
to cultured endothelial cells under physiologic flow condi-
tions. Blood 1995;86:4553-8.

van de Kar NC, Kooistra T, Vermeer M, Lesslauer W, Mon-
nens LA, van Hinsbergh VW, et al. Tumor necrosis factor
alpha induces endothelial galactosyl transferase activity and
verocytotoxin receptors. Role of specific tumor necrosis fac-
tor receptors and protein kinase C. Blood 1995;85:734—-43.
Valavaara R, Nordman E. Renal complications of mitomycin
C therapy with special reference to the total dose. Cancer
1985;55:47-50.

Price TM, Murgo AJ, Keveny JJ, Miller-Hardy D, Kasprisin
DO. Renal failure and hemolytic anemia associated with
mitomycin C: a case report. Cancer 1985;55:51-6.

Korec S, Schein PS, Smith FP, Neefe JR, Woolley PV, Gold-
berg RM, et al. Treatment of cancer-associated hemolytic
uremic syndrome with staphylococcal protein A immu-
noperfusion. J Clin Oncol 1986;4:210-5.



2032

77.

78.

79.

80.

81.

CANCER May 1, 1999 / Volume 85 / Number 9

Galli M, Grassi A, Barbui T. Platelet-derived microvesicles in
thrombotic thromobocytopenic purpura and hemolytic ure-
mic syndrome. F.K. Schattauer Verlagsgesellschaft mbH
(Stuttgart) 1996;75:427-31.

Okumura H, Nakamura S, Ohtake S, Yoshida T, Kobayashi K,
Okabe Y, et al. Hemolytic uremic syndrome developing dur-
ing remission of acute myelomonocytic leukemia. Am J He-
matol 1993;44:66-7.

Ponticelli C, Rivolta E, Imbasciati E, Rossi E, Mannucci PM.
Hemolytic uremic syndrome in adults. Arch Intern Med
1980;140:353-7.

Snyder HW Jr., Seawell BW, Cochran SK, Ballnt JP Jr., Jones
FR. Specificity of antibody responses affected by extracor-
poreal immunoadsorption of plasma over columns of pro-
tein A silica. J Clin Apheresis 1992;7:110-8.

Ciavarella D. The use of protein A columns in the treatment
of cancer and allied diseases. Int J Clin Lab Res 1992;21:
210-3.

82.

83.

84.

85.

86.

D’Souza RJ, Kwan JT, Hendry BM, Fallon M, Cunningham D.
Successful outcome of treating hemolytic uremic syndrome
associated with cancer chemotherapy with immunoadsorp-
tion. Clin Nephrol 1997;47:58-9.

Gutterman LA, Levin DM, George BS, Sharma HM. The
hemolytic-uremic syndrome: recovery after treatment with
vincristine. Ann Intern Med 1983;98:612-3.

Jain S, Seymour AE. Mitomycin C associated hemolytic ure-
mic syndrome. Pathology 1987;19:58—-61.

Tomasz M, Palom Y. The mitomycin bioreductive antitumor
agents: cross-linking and alkylation of DNA as the molecular
basis of their activity. Pharmacol Ther 1997;76:73-87.
Capizzi RL, White JC, Powell BL, Perrino F. Effect of dose on
the pharmacokinetic and pharmacodynamic effects of cyt-
arabine. Semin Hematol 1991;28:54-69.

. Kufe DW, Griffin JD, Spriggs DR. Cellular and clinical phar-

macology of low-dose Ara-C. Semin Oncol 1985;12:200-7.



