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Abstract
Gemcitabine is an antineoplastic used to treat several 
malignancies including pancreatic cancer. Its toxicity 
profile is well known with myelotoxicity, increased va
scular permeability and peripheral oedema as most fre
quent adverse events. However, several cases of acute 
renal failure have been reported and haemolytic uremic 
syndrome (HUS) seems to be the underlying process. The 
cause of HUS remains unknown but its consequences 
can be lethal. Therefore, a high grade of suspicion is cr
ucial to diagnose it and promptly treat it. This hopefully 
will reduce its morbidity. HUS is characterized by pro
gressive renal failure associated with microangiopathic 
haemolytic anaemia and thrombocytopenia. The primary 
event is damage to endothelial cells and thrombotic 
microangiopathy (TMA) is the histopathological lesion. 
TMA affects mainly renal microvasculature. However, so
me cases evolve with central nervous or cardiovascular 
systems involvement. We present here a case of ge
mcitabine-induced HUS, with renal and cardiovascul
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ar system affected at the time of diagnosis which to 
our knowledge this is the first time of such case to be 
reported.

Key words: Thrombocytopenia; Haemolytic uremic 
syndrome; Thrombotic microangiopathy; Gemcitabine; 
Microangiopathic haemolytic anaemia
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Core tip: Gemcitabine has a well-known toxicity pro
file though rare cases of acute renal failure caused by 
haemolytic uremic syndrome (HUS) have also been 
reported. The cause of HUS remains unknown but its 
consequences may be lethal. HUS consists of progre
ssive renal failure with microangiopathic haemolytic 
anaemia and thrombocytopenia. Thrombotic microan
giopathy is the histopathological lesion and this affects 
mainly renal microvasculature. We present a case of 
gemcitabine-induced HUS and review literature to ma
ke professionals fully aware of its existence, thus a 
high grade of suspicion might help with early diagnosis 
and prompt treatment which hopefully will reduce its 
morbidity.

Cidon EU, Martinez PA, Hickish T. Gemcitabine-induced 
haemolytic uremic syndrome, although infrequent, can it be 
prevented: A case report and review of literature. World J Clin 
Cases 2018; 6(12): 531-537  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v6/i12/531.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v6.i12.531

INTRODUCTION
Gemcitabine is an antimetabolite drug used in the tr­
eatment of several malignancies including pancreatic 
cancer[1]. Although it has got multiple adverse effects, 
the most relevant ones include myelotoxicity, increa­
sed vascular permeability and peripheral oedema. Un­
fortunately, several cases of acute renal failure have also 
been reported and haemolytic uremic syndrome (HUS) 
appears to be the underlying process. The cause of this 
syndrome and its treatment remain unknown[2] but its 
consequences may be lethal. 

HUS is characterized by progressive renal failure 
associated with microangiopathic haemolytic anaemia 
and thrombocytopenia. The primary event in this sy­
ndrome’s pathology is damage to endothelial cells. Th­
rombotic microangiopathy (TMA) is the key histopath­
ological lesion for which the features are thickening and 
inflammation of the walls of arterioles and capillaries, 
disengagement of endothelial cells, accumulation of 
proteins and cellular debris in the endothelium, and the 
formation of platelet thrombi that obstruct the vessels 
lumen[3]. TMA involves mainly the renal microvascula­
ture but involvement of the central nervous system, 
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cardiovascular system, lungs, skin, skeletal muscle and 
gastrointestinal tract occurs in 20% of patients[4]. 

The most frequent cause of HUS is an infection 
by Escherichia coli which produces Shiga toxin. This is 
known as “typical HUS”[5]. However, other factors can 
also cause HUS, known as “secondary HUS”. Among 
these factors, pregnancy, organ transplantation, other 
infections and medical treatments such as gemcitabine 
can be named[6]. 

The association of HUS with gemcitabine has been 
reported several times in the literature but to our know­
ledge this is the first case with cardiovascular system 
involvement at the time of diagnosis. The incidence of 
this complication seems to be low, but underreporting 
is also a possibility[7]. Although infrequent, HUS is a seri­
ous complication and a high grade of suspicion is needed 
to diagnose it early and initiate treatment. Uncertainty 
exists regarding the best treatment to apply, although 
discontinuation of gemcitabine is agreed as the first step. 
We present here a recent case seen in our Department. 
The patient has survived but unfortunately she remains 
dialysis dependent. 

CASE REPORT
In April 2017, a 66-year-old Caucasian female with 
a history of a deep vein thrombosis after an air flight 
a few years back, was admitted due to extreme fati­
gue, peripheral oedema and general malaise. She had 
been previously diagnosed with an ampullary aden­
ocarcinoma and underwent a Whipple’s procedure (pa­
ncreatico-duodenectomy and splenectomy) in June 
2016. Pathological results showed a pT4pN1 (3/5) R0 
adenocarcinoma. Her postoperative period was a little 
difficult. She complained of restless legs, sleeplessne­
ss, occasional diarrhoea and vomiting not following any 
pattern. She required expert dietician to support. On 
the suspicion of pancreatic insufficiency, her pancrea­
tic enzymes were increased. She was also started on 
Quinine Sulphate to help with restless legs and continued 
to take Omeprazole, Metoclopramide, Zopiclone and 
Erythromycin. 

A few months after her surgery, she was started 
on adjuvant treatment with gemcitabine. Initially she 
had been planned for a combination with capecitabine 
but due to her diarrhoea, this plan was abandoned. 
The dose of gemcitabine was reduced for the first cycle 
in view of her long postoperative period to recover up 
to an acceptable level of fitness to start her adjuvant 
chemotherapy. The plan was to re-evaluate at the se­
cond visit. 

She developed diarrhoea (3 episodes daily) and 
mild fatigue, phlebitis post-cannulation in arms and 
phlebitis in legs which were painful and hard to touch. 
She was then started on Rivaroxaban 10 mg daily and 
recommended to apply topical Hydrocortisone. She de­
clined a PICC line. She also developed one episode of a 
prolonged chest infection without any neutropenia. This 
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was treated with Doxycycline and needed a delay of 
her planned 2nd cycle. 

Due to all these side-effects, we decided to keep 
the dose reduced by 20% as performed for the first 
cycle. After cycle 4, she complained of sore mouth CTC 
(Common Terminology Criteria for Adverse Events used 
by oncologists to classify the intensity of side-effects 
(https://ctep.cancer.gov/protocoldevelopment/electr­
onic_applications/ctc.htm) grade 2 and continued with 
her usual diarrhoea although only CTC grade 1. Her ha­
emoglobin levels had been fluctuating between 123 
g/L and 95 g/L and her creatinine between 69 µmol/L 
and 107 µmol/L. At her pre-chemotherapy appointment 
for cycle 6 (last cycle), she complained of extreme 
fatigue and significant peripheral oedema lasting for 
the previous 2 wk. On the day of the appointment she 
was feeling significantly better and the oedema had 
significantly resolved. Following discussion with the pati­
ent about the risks of having the final cycle vs discon­
tinuation, she proceeded with day 1 and day 15th, but 
to avoid day 8th as she would be on holidays. 

Her haemoglobin was 78 g/L and her creatinine 
levels had increased to 146 µmol/L. At the time these 
were considered to be due to bone marrow toxicity with 
gemcitabine itself and the increased creatinine levels as 
being pre-renal cause, resulting from suboptimal fluid 
intake. 

She went ahead with day 1 and received two units 
of blood with clinical benefit. Two weeks later, before 
day 15th, she presented to the acute medical oncology 
department with a complaint of extreme fatigue and 
weakness, peripheral oedema and feeling generally 
unwell, with mild dizziness and mild chest pain. On 
examination, she was tachycardic with a pulse of 120 
bpm, blood pressure of 202/83 mmHg, respiratory ra­
te of 18 and afebrile. She looked pale, dehydrated and 
with significant peripheral oedemas. She did not have 
any skin rash or purpura. Laboratory workup showed a 
creatinine of 392 µmol/L (baseline of 69 µmol/L), whi­
ch gradually went up to 759 µmol/L in 48 h. Full blood 
count (FBC) showed haemoglobin of 92 g/L, hematoc­
rit of 0.275 L/L, reticulocytosis of 3.2% and a white cell 
count of 22 × 109/L. Her platelet count was 77 × 109/L. 
Troponin was 509 ng/L and the electrocardiogram sh­
owed a NSTEMI with widespread T-wave inversion. 

An echocardiogram showed all apical regions akine­
tic, with an ejection fraction of 45%, moderate diastolic 
impairment and a chest X-ray reported a mild left pleural 
effusion. Urinalysis showed mild proteinuria. The patient 
was intensively managed according to the unit relevant 
protocols. Her lactate dehydrogenase (LDH) level was 
elevated to 2328 iU/L (90-275) and haptoglobin was 
< 0.10 g/L (0.5-2.40). Her ADAMTS-13 levels were 87 
(64-132). Peripheral smear was examined and showed 
anisocytosis, poikilocytosis, microspherocytes, roulea­
ux formation and few platelet clumps. An ultrasound of 
the renal tract demonstrated normal kidneys with non-
obstructing features. A CT scan showed doubts with 

peritoneal metastases. The working diagnosis of HUS 
probably induced by gemcitabine was made as the pa­
tient had not had evidence of malignant recurrence. Her 
cardiology issues were optimised and she was started 
on steroids (high dose prednisolone) and although initia­
lly the patient was very reluctant to other treatments, 
eventually she accepted haemodialysis. She has been 
under close follow up and continues free of recurrence 
eighteen months after this episode. Her echocardiogr­
am has shown improvement with hypokinesis of a single 
mid-septal segment. The remaining wall motion appe­
ars normal with globally preserved ejection fraction (> 
55%) and left ventricular diastolic function is moderately 
impaired. She had received a total cumulative dose of 
23940 mg of gemcitabine before cycle 6 and received 
cycle 6 day 1 as her haemoglobin drop was put in rela­
tion to gemcitabine haematological toxicity as mentioned 
above. The patient now feels clinically well although this 
has impacted negatively on her quality of life as she 
remains dialysis-dependant. 

DISCUSSION
Gemcitabine is an antineoplastic agent commonly used 
in the treatment of several cancers such as pancreatic, 
lung, breast and other tumours. It is an analog of deo­
xycytidine and works as a pro-drug. Once transported 
into the cell, it must be phosphorylated by deoxycytidine 
kinase to change it into the active form that will inhibit 
DNA synthesis[1,8]. Several phase Ⅰ studies of gemcita­
bine as single agent have recommended 1000 mg/m2 
administered as a 30 min infusion[8,9]. 

With this regimen, the toxicity profile is low, with 
myelosuppression as most frequent adverse event[10]. 
Other studies have shown similar efficacy with prolonged 
infusions[11], although some have suggested that it could 
increase cytotoxicity and survival[12]. However, it clearly 
increases the rate of haematological toxicities grade 3-4. 
Therefore, it continues to be administered as a 30 min 
infusion[13] in pancreatic adenocarcinoma. 

Other side-effects include mainly increased vascular 
permeability and peripheral oedema but several cases 
of HUS have been documented as well[2]. It is difficult 
to estimate HUS incidence as it is easily underreported 
but the literature have published 0.078% in clinical tri­
als and 4% when taken from spontaneous sources[14,15]. 
HUS is characterized by renal failure, thrombocytop­
enia and microangiopathic hemolytic anemia (MAHA), 
proteinuria and haematuria. MAHA consists of increas­
ed levels of LDH, low haptoglobin and the presence of 
schistocytes on the peripheral blood smear. Unfortunate­
ly HUS diagnosis is often delayed due to the fact that 
anaemia and thrombocytopenia might be attributed to 
myelotoxicity of the drug itself[16]. However, when these 
toxicities are combined with renal insufficiency, a high 
index of suspicion is needed to prompt a laboratory wor­
kup looking for signs of haemolysis[17]. 

There are other reasons leading to the difficulties 
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in diagnosis. The lack of physicians’ awareness or the 
patients’ poor oral intake, diarrhoeas, older age or co­
morbid diseases such as hypertension, diabetes, or 
vascular disease, may contribute. Glezerman et al[18] 
reviewed 29 patients with gemcitabine nephrotoxicity 
and described new onset or worsening hypertension in 
26; oedema, shortness of breath and congestive heart 
failure in 21, 15 and 7 patients respectively[18]. All of them 
developed anaemia, thrombocytopenia and elevated se­
rum LDH. Haptoglobin was low and schistocytes were 
present in most of them[18]. These authors concluded 
that gemcitabine-induced HUS presents as new-onset 
renal failure with hypertension, thrombocytopenia and 
MAHA, but agree that the final diagnosis is not easy 
and emphasise again the relevance of a high index of 
suspicion[18]. 

In addition to this, there could be patients showing 
only a small decrease in renal function. In these patients, 
an increase in serum creatinine might be the only sign 
of HUS[19]. However, physicians need to know that mild 
renal deterioration resolving quickly on rehydration is 
not related to HUS. To add even more difficulties, some 
patients develop livedo reticularis in lower extremities 
or digital necrosis as an early sign of HUS[20]. We have 
recently published a review of 157 patients on adjuvant 
gemcitabine for pancreatic adenocarcinoma. Two pa­
tients developed gemcitabine-HUS. Both had a drop in 
haemoglobin of 37% and 34% from the baseline levels 
and a drop in creatinine clearance of 41% and 31%. 
Logistic regression analysis showed that a drop in ha­
emoglobin > 25% and in creatinine clearance > 30% 
from baseline, increased significantly the chances of 
ending on hemodyalisis (P = 0.0001)[21]. We proposed 
that in those suspicious cases, gemcitabine should be 
at least delayed to undertake all those extra laboratory 
tests and confirm or dismiss this diagnosis before a final 
decision regarding gemcitabine continuity is made[21]. 

Serke et al[17] recommended reticulocyte-counting 
if patients develop anaemia or thrombocytopenia. If st­
rongly elevated, this supports hyperregenerative anaem­
ia due to haemolysis, ruling out myelotoxicity. Coombs 
test can also be performed and it should be negative if 
renal insufficiency is not related to HUS[22]. Finally, in some 
cases, a renal biopsy could be considered to be able to 
confirm this complication[22]. In the case presented here, 
we established the diagnosis based on clinic-analytical 
parameters and although a renal biopsy was consider­
ed and discussed, this was finally abandoned. To throw 
more challenges to the diagnosis, timing and cumulative 
dose behind HUS are variable[7,14,15,23,24]. Whereas Fung 
at al[15] documented HUS within 1 to 2 mo of the last 
infusion with a median of cumulative dose of 18252 
mg/m2, Flombaum et al[25] reported a broad range of 
cumulative doses, from 2450 to 48000 mg/m2. None of 
these authors found a dose-response relationship[24]. HUS 
may also occur many months after the last infusion[25,26]. 
As such this variability further clouds the its’ recognition 
and so encourages awareness that it is a risk, possibly 

serious of this treatment. Unfortunately its prognosis is 
poor, with mortality rates ranging from 10% to 40% in 
most series[27] to as high as 60%-70% in others[23]. 

Although gemcitabine-induced HUS occurs in early 
and advanced disease, older literature reviews indica­
te that it is more frequent when the patient is free of 
disease or has minimal tumour burden[25]. However, 
HUS could be cancer associated as well but this is more 
frequent with metastatic disease[25,27]. The mechanism 
or mechanisms behind HUS are unknown, but one hy­
pothesis propose a micro vascular endothelial injury 
as the key. This may be via a direct gemcitabine in­
teraction or indirectly following neutrophil or platelet 
activation[28,29]. 

Others are inclined to think that the origin is imm­
unologic, following the observation that there appears 
to be benefit from treatments that remove circulating 
immunocomplexes or from immunosuppressants[30]. 
Reduced complement and partial reduction in the ac­
tivity of ADAMTS13 (< 60% of normal activity) have 
been documented in most patients with atypical HUS, 
respectively. This has led to the proposal that functio­
nal tests of ADAMTS13 should be considered in these 
patients[31]. Consistent with this observation, metastatic 
cancers may have reduced serum ADAMTS13 activity[32]. 
Another mechanism taken into consideration is the ac­
tivation of the clotting pathway following gemcitabine 
drug-induced endothelial injury[33]. 

In addition platelet activation may be a secondary 
response to endothelial injury[34]. In TMA, the renal 
and cerebral vessels are commonly involved, while the 
pulmonary and hepatic microvasculature is usually sp­
ared. Evidence also indicates that acute myocardial 
infarction is an early, frequent and severe complication 
during TMA[35]. A study with 74 patients with TMA (not 
associated with gemcitabine) showed that 18% had 
acute myocardial infarctions, 9 non- and 5 ST-segment 
elevation. All these episodes happened 5 ± 3 d after 
the TMA diagnosis predominantly in thrombotic thro­
mbocytopenic purpura. This caused left ventricular dys­
function in 3 of 8 survivors[36]. 

Cardiac complications are frequently seen in thr­
ombotic thrombocytopenic purpura and also occur in 
atypical HUS. Therefore these patients should be ass­
essed for cardiac sequelae[36]. Our patient showed signs 
of myocardial infarction in the context of haemolysis 
which we have not seen reported before in gemcitabine-
induced HUS, and this was an early complication. Ano­
ther issue with gemcitabine-induced HUS is the optim­
al management. Immediate discontinuation[19] seems 
appropriate as first step, although it is unknown wheth­
er this ameliorates the course of the syndrome. Other 
interventions include steroids, transfusions, dialysis, 
plasmapheresis, vincristine, rituximab and more recently 
eculizumab[5,29] with limited effectiveness[16,30,31]. Plasma­
pharesis has shown to modify the evolution of haemolytic 
anaemia but not in renal impairment[5,29].

Recent studies have explored the use of Rituximab 
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(an anti-CD20 monoclonal antibody) and Eculizumab. 
Eculizumab is a recombinant humanized monoclonal an­
tibody that binds to complement C5 protein and inhibits 
its cleavage, preventing the generation of the infla­
mmatory peptide C5a and the cytotoxic membrane-attack 
complex C5b[9,37]. The most frequent side-effects are 
headache, anaemia and diarrhea[38]. Neisseria meningitidis 
vaccination is also indicated at least two weeks prior 
to treatment[39]. It has shown a fast and sustained 
interruption of the TMA process in patients with non-
atypical HUS, including those with drug-induced HUS[40] 
and it has been associated with significant long-term 
improvements in renal function, the interruption of 
plasmapheresis and important reductions in the need for 
dialysis[6]. Al Ustwani et al[19] have reported resolution of 
the haemolysis and thrombocytopenia in four patients 
with gemcitabine-induced HUS. Renal function improved 
significantly although it did not return to baseline and 
only one patient required temporary haemodialysis, but 
renal function subsequently improved[19]. Although Eculi­
zumab has been recently approved by FDA for atypical 
HUS, its role in malignancy or chemotherapy induced 
HUS has not been defined[41,42] and its current cost limits 
accessibility[19]. 

Bharthuar et al[43] presented a case of gemcitabine-
induced HUS which was aggressively treated with plas­
mapheresis, high-dose steroids, vincristine and rituxi­
mab. The patient improved clinically and the platelets 
recovered concurrently with administration of rituximab 
but needed aggressive supportive measures to manage 
renal failure (haemodialysis) and hypertension. 

Ritchie et al[44] reported their experience of managing 
three patients with pancreatic adenocarcinoma who 
developed gemcitabine-induced HUS. One patient show­
ed some benefit with plasmapheresis and rituximab re­
sulted in durable resolution of HUS in the others. These 
authors concluded that immune based therapies seem 
to reverse haemolysis and stabilise renal function[44]. 

Although there is an urgent need for better therapy, it 
seems that immunotherapy offers promise but requires 
more evaluation. In the case reported here, we did not 
see any significant benefit with steroids but the patient 
was very reluctant to receive any other treatments. 
She was not keen on trying any other options after 
knowing potential side-effects and the uncertain bene­
fits. Rituximab and Eculizumab were mentioned in the 
discussion but finally abandoned for these reasons. It 
was only after several long discussions with the patient 
and a significant clinical deterioration that she finally 
accepted haemodialysis. We can conclude here that 
gemcitabine-induced HUS is a rare but serious toxicity 
with significant morbidity and mortality that requires 
prompt diagnosis and intervention. We hope that this 
article would help all professionals, making them aware 
of this extremely serious syndrome. Subtle signs such as 
increase level of serum creatinine or a significant drop 
in haemoglobin should flag an alert. Gemcitabine should 
then be withheld to undertake all the required laboratory 
workup to confirm or dismiss this diagnosis. However, 

as previously discussed, it is unknown if this measure 
would be able to stop or minimize the damage already 
initiated. 

ARTICLE HIGHLIGHTS
Case characteristics
A 66-year-old female developed a significant renal impairment and anaemia 
while receiving adjuvant Gemcitabine. 

Clinical diagnosis
She was diagnosed with haemolytic uremic syndrome.

Laboratory diagnosis
Her laboratory tests showed haemolysis and ruled out any myelotoxicity. 

Imaging diagnosis
An electrocardiogram showed a NSTEMI with widespread T-wave inversion. A 
renal US did not show any evidence of lesion or cortical damage. 

Pathological diagnosis
Although considered a renal biopsy, this was finally declined.

Differential diagnosis
Myelotoxicity and general decline with low intake and dehydration but these 
were ruled out immediately after receiving results showing haemolysis. 
Myocardial infarction as the cause but ruled out after parameters showing 
haemolysis, and considered a consequence of the haemolysis as part of the 
thrombotic microangiopathy (TMA). 

Treatment
Steroids were tried and she was also started on aspirin. Haemodialysis was 
needed.

Term explanation 
HUS: Haemolytic uremic syndrome; TMA: Thrombotic microangiopathy.

Experiences and lessons
Subtle signs such as increase level of serum creatinine or a significant drop 
in haemoglobin should flag an alert in patients on Gemcitabine. Although it is 
unknown if by withholding Gemcitabine this would be able to stop or minimize 
the damage already initiated, this should be done until all the laboratory workup 
to confirm or dismiss the diagnosis has been performed and received. 

REFERENCES
1 	 Plunkett W, Huang P, Xu YZ, Heinemann V, Grunewald R, Gand

hi V. Gemcitabine: metabolism, mechanisms of action, and self-
potentiation. Semin Oncol 1995; 22: 3-10 [PMID: 7481842]

2 	 Sadjadi SA, Annamaraju P. Gemcitabine induced hemolytic uremic 
syndrome. Am J Case Rep 2012; 13: 89-91 [PMID: 23569497 DOI: 
10.12659/AJCR.882858]

3 	 Conway EM. HUS and the case for complement. Blood 2015; 126: 
2085-2090 [PMID: 26396094 DOI: 10.1182/blood-2015-03-569277]

4 	 Hofer J, Rosales A, Fischer C, Giner T. Extra-renal manifestations 
of complement-mediated thrombotic microangiopathies. Front Pe­
diatr 2014; 2: 97 [PMID: 25250305 DOI: 10.3389/fped.2014.00097]

5 	 Loirat C, Saland J, Bitzan M. Management of hemolytic uremic 
syndrome. Presse Med 2012; 41: e115-e135 [PMID: 22284541 
DOI: 10.1016/j.lpm.2011.11.013]

6 	 Campistol JM, Arias M, Ariceta G, Blasco M, Espinosa L, Es
pinosa M, Grinyó JM, Macía M, Mendizábal S, Praga M, Román 
E, Torra R, Valdés F, Vilalta R, Rodríguez de Córdoba S. An update 
for atypical haemolytic uraemic syndrome: diagnosis and treatment. 

October 26, 2018|Volume 6|Issue 12|

 ARTICLE HIGHLIGHTS

Cidon EU et al . Gemcitabine-induced HUS



536WJCC|www.wjgnet.com

A consensus document. Nefrologia 2015; 35: 421-447 [PMID: 
26456110 DOI: 10.1016/j.nefro.2015.07.005]

7 	 Walter RB, Joerger M, Pestalozzi BC. Gemcitabine-associated 
hemolytic-uremic syndrome. Am J Kidney Dis 2002; 40: E16 
[PMID: 12324937 DOI: 10.1053/ajkd.2002.35758]

8 	 Guchelaar HJ, Richel DJ, van Knapen A. Clinical, toxicological and 
pharmacological aspects of gemcitabine. Cancer Treat Rev 1996; 
22: 15-31 [PMID: 8625330 DOI: 10.1016/S0305-7372(96)90014-6]

9 	 Storniolo AM, Allerheiligen SR, Pearce HL. Preclinical, pharma
cologic, and phase I studies of gemcitabine. Semin Oncol 1997; 24: 
S7-2-S7-7 [PMID: 9194473]

10 	 Green MR. Gemcitabine safety overview. Semin Oncol 1996; 23: 
32-35 [PMID: 8893879]

11 	 Xu N, Shen P, Zhang XC, Yu LF, Bao HY, Shi GM, Huang S, Chen 
J, Mou HB, Fang WJ. Phase II trial of a 2-h infusion of gemcitabine 
plus carboplatin as first-line chemotherapy for advanced non-small-
cell lung cancer. Cancer Chemother Pharmacol 2007; 59: 1-7 
[PMID: 16614849 DOI: 10.1007/s00280-006-0237-2]

12 	 Tempero M, Plunkett W, Ruiz Van Haperen V, Hainsworth J, 
Hochster H, Lenzi R, Abbruzzese J. Randomized phase II com
parison of dose-intense gemcitabine: thirty-minute infusion and 
fixed dose rate infusion in patients with pancreatic adenocarcino
ma. J Clin Oncol 2003; 21: 3402-3408 [PMID: 12885837 DOI: 
10.1200/JCO.2003.09.140]

13 	 Xie J, Yuan J, Lu L. Gemcitabine fixed-dose rate infusion for the 
treatment of pancreatic carcinoma: a meta-analysis of randomized 
controlled trials. Diagn Pathol 2014; 9: 214 [PMID: 25421173 
DOI: 10.1186/s13000-014-0214-8]

14 	 Izzedine H, Isnard-Bagnis C, Launay-Vacher V, Mercadal L, 
Tostivint I, Rixe O, Brocheriou I, Bourry E, Karie S, Saeb S, Casi
mir N, Billemont B, Deray G. Gemcitabine-induced thrombotic 
microangiopathy: a systematic review. Nephrol Dial Transplant 
2006; 21: 3038-3045 [PMID: 16968717 DOI: 10.1093/ndt/gfl507]

15 	 Fung MC, Storniolo AM, Nguyen B, Arning M, Brookfield W, Vigil 
J. A review of hemolytic uremic syndrome in patients treated with 
gemcitabine therapy. Cancer 1999; 85: 2023-2032 [PMID: 10223245 
DOI: 10.1002/(SICI)1097-0142(19990501)85:9%3C2023::AID-
CNCR21%3E3.0.CO;2-2]

16 	 Müller S, Schütt P, Bojko P, Nowrousian MR, Hense J, Seeber 
S, Moritz T. Hemolytic uremic syndrome following prolonged ge
mcitabine therapy: report of four cases from a single institution. 
Ann Hematol 2005; 84: 110-114 [PMID: 15340761 DOI: 10.1007/
s00277-004-0938-8]

17 	 Serke S, Riess H, Oettle H, Huhn D. Elevated reticulocyte count-
-a clue to the diagnosis of haemolytic-uraemic syndrome (HUS) 
associated with gemcitabine therapy for metastatic duodenal pa
pillary carcinoma: a case report. Br J Cancer 1999; 79: 1519-1521 
[PMID: 10188900 DOI: 10.1038/sj.bjc.6690242]

18 	 Glezerman I, Kris MG, Miller V, Seshan S, Flombaum CD. Gem
citabine nephrotoxicity and hemolytic uremic syndrome: report of 
29 cases from a single institution. Clin Nephrol 2009; 71: 130-139 
[PMID: 19203505 DOI: 10.5414/CNP71130]

19 	 Al Ustwani O, Lohr J, Dy G, Levea C, Connolly G, Arora P, Iyer 
R. Eculizumab therapy for gemcitabine induced hemolytic uremic 
syndrome: case series and concise review. J Gastrointest Oncol 
2014; 5: E30-E33 [PMID: 24490050 DOI: 10.3978/j.issn.2078-689
1.2013.042]

20 	 Zemtsov A, Omueti-Ayoade K, Zemtsov R, Yang M. Livedo reti
cularis as an initial clinical manifestation of gemcitabine-induced 
hemolytic uremic syndrome. J Dermatol 2012; 39: 487-489 [PMID: 
21906135 DOI: 10.1111/j.1346-8138.2011.01353.x]

21 	 Una Cidon E, Alonso P, Ballesteros A. Gemcitabine-induced hae
molytic uremic syndrome: high level of suspicion seems crucial. 
Webmed Central Cancer 2018; 9: WMC005437

22 	 Saif MW, McGee PJ. Hemolytic-uremic syndrome associated with 
gemcitabine: a case report and review of literature. JOP 2005; 6: 
369-374 [PMID: 16006690 DOI: 10.1097/00006676-200407000-00
004]

23 	 Ruiz I, Del Valle J, Gómez A. Gemcitabine and haemolytic-uraem
ic syndrome. Ann Oncol 2004; 15: 1575-1576 [PMID: 15367421 

DOI: 10.1093/annonc/mdh397]
24 	 Gordon LI, Kwaan HC. Cancer- and drug-associated thrombotic 

thrombocytopenic purpura and hemolytic uremic syndrome. Semin 
Hematol 1997; 34: 140-147 [PMID: 9109216]

25 	 Flombaum CD, Mouradian JA, Casper ES, Erlandson RA, Be
nedetti F. Thrombotic microangiopathy as a complication of long-
term therapy with gemcitabine. Am J Kidney Dis 1999; 33: 555-562 
[PMID: 10070921 DOI: 10.1016/S0272-6386(99)70194-0]

26 	 Zupancic M, Shah PC, Shah-Khan F. Gemcitabine-associated 
thrombotic thrombocytopenic purpura. Lancet Oncol 2007; 8: 
634-641 [PMID: 17613425 DOI: 10.1016/S1470-2045(07)70203-6]

27 	 Ruggenenti P, Noris M, Remuzzi G. Thrombotic microangiopathy, 
hemolytic uremic syndrome, and thrombotic thrombocytopenic 
purpura. Kidney Int 2001; 60: 831-846 [PMID: 11532079 DOI: 
10.1046/j.1523-1755.2001.060003831.x]

28 	 Murgo AJ. Thrombotic microangiopathy in the cancer patient 
including those induced by chemotherapeutic agents. Semin 
Hematol 1987; 24: 161-177 [PMID: 3310241]

29 	 Hillyer CD, Duncan A, Ledford M, Barrett TJ, Klumpp SA, 
Anderson DC, McClure HM, Winton EF. Chemotherapy-induced 
hemolytic uremic syndrome: description of a potential animal 
model. J Med Primatol 1995; 24: 68-73 [PMID: 8613975 DOI: 
10.1111/j.1600-0684.1995.tb00148.x]

30 	 Ballermann BJ. Endothelial cell activation. Kidney Int 1998; 53: 
1810-1826 [PMID: 9607219 DOI: 10.1046/j.1523-1755.1998.00943.
x]

31 	 Feng S, Eyler SJ, Zhang Y, Maga T, Nester CM, Kroll MH, Smith 
RJ, Afshar-Kharghan V. Partial ADAMTS13 deficiency in atypical 
hemolytic uremic syndrome. Blood 2013; 122: 1487-1493 [PMID: 
23847193 DOI: 10.1182/blood-2013-03-492421]

32 	 van der Heijden M, Ackland SP, Deveridge S. Haemolytic uraemic 
syndrome associated with bleomycin, epirubicin and cisplatin ch
emotherapy--a case report and review of the literature. Acta Oncol 
1998; 37: 107-109 [PMID: 9572663 DOI: 10.1080/028418698423267]

33 	 Moake JL. Thrombotic microangiopathies. N Engl J Med 2002; 
347: 589-600 [PMID: 12192020 DOI: 10.1056/NEJMra020528]

34 	 Jimenez JJ, Jy W, Mauro LM, Horstman LL, Soderland C, Ahn YS. 
Endothelial microparticles released in thrombotic thrombocytopenic 
purpura express von Willebrand factor and markers of endothelial 
activation. Br J Haematol 2003; 123: 896-902 [PMID: 14632781 
DOI: 10.1046/j.1365-2141.2003.04716.x]

35 	 Patschan D, Witzke O, Dührsen U, Erbel R, Philipp T, Herget-
Rosenthal S. Acute myocardial infarction in thrombotic micro
angiopathies--clinical characteristics, risk factors and outcome. 
Nephrol Dial Transplant 2006; 21: 1549-1554 [PMID: 16574680 
DOI: 10.1093/ndt/gfl127]

36 	 Sallée M, Daniel L, Piercecchi MD, Jaubert D, Fremeaux-Bacchi 
V, Berland Y, Burtey S. Myocardial infarction is a complication of 
factor H-associated atypical HUS. Nephrol Dial Transplant 2010; 
25: 2028-2032 [PMID: 20305136 DOI: 10.1093/ndt/gfq160]

37 	 Schmidtko J, Peine S, El-Housseini Y, Pascual M, Meier P. Tr
eatment of atypical hemolytic uremic syndrome and thrombotic 
microangiopathies: a focus on eculizumab. Am J Kidney Dis 2013; 
61: 289-299 [PMID: 23141475 DOI: 10.1053/j.ajkd.2012.07.028]

38 	 American society of nephrology: renal week 2010: 43rd annual 
meeting &amp; scientific exposition. P T 2011; 36: 48-49 [PMID: 
21386939]

39 	 Westra D, Wetzels JF, Volokhina EB, van den Heuvel LP, van 
de Kar NC. A new era in the diagnosis and treatment of atypical 
haemolytic uraemic syndrome. Neth J Med 2012; 70: 121-129 
[PMID: 22516576 DOI: 10.1093/ndt/gfq010]

40 	 Safa K, Logan MS, Batal I, Gabardi S, Rennke HG, Abdi R. 
Eculizumab for drug-induced de novo posttransplantation thro
mbotic microangiopathy: A case report. Clin Nephrol 2015; 83: 
125-129 [PMID: 24495904 DOI: 10.5414/CN108163]

41 	 Schrezenmeier H, Höchsmann B. Drugs that inhibit compleme
nt. Transfus Apher Sci 2012; 46: 87-92 [PMID: 22169380 DOI: 
10.1016/j.transci.2011.11.012]

42 	 Weitz M, Amon O, Bassler D, Koenigsrainer A, Nadalin S. Pro

October 26, 2018|Volume 6|Issue 12|

Cidon EU et al . Gemcitabine-induced HUS



537WJCC|www.wjgnet.com

phylactic eculizumab prior to kidney transplantation for atypical 
hemolytic uremic syndrome. Pediatr Nephrol 2011; 26: 1325-1329 
[PMID: 21556717 DOI: 10.1007/s00467-011-1879-9]

43 	 Bharthuar A, Egloff L, Becker J, George M, Lohr JW, Deeb G, 
Iyer RV. Rituximab-based therapy for gemcitabine-induced he
molytic uremic syndrome in a patient with metastatic pancreatic 
adenocarcinoma: a case report. Cancer Chemother Pharmacol 

2009; 64: 177-181 [PMID: 19116715 DOI: 10.1007/s00280-008-
0900-x]

44 	 Ritchie GE, Fernando M, Goldstein D. Rituximab to treat gem
citabine-induced hemolytic-uremic syndrome (HUS) in pancrea
tic adenocarcinoma: a case series and literature review. Cancer 
Chemother Pharmacol 2017; 79: 1-7 [PMID: 27497971 DOI: 
10.1007/s00280-016-3123-6]

P- Reviewer: Huang XY, Stavroulopoulos A, Yee NSS, Yorioka N    
S- Editor: Ji FF    L- Editor: A    E- Editor: Tan WW

October 26, 2018|Volume 6|Issue 12|

Cidon EU et al . Gemcitabine-induced HUS



                                      © 2018 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.wjgnet.com


	WJCCv6i12-Cover
	WJCCv6i12-Contents
	531.pdf
	封底

