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Key Points

•Bendamustine can
cause severe autoim-
mune hemolytic anemia
(AIHA), which may re-
quire plasma exchange
and aggressive
immunosuppression.

•Bendamustine-induced
AIHA can be delayed,
and many, but not all,
cases report prior ex-
posure to fludarabine.

Introduction

Drug-induced immune hemolytic anemia (DIIHA) is a rare, but potentially devastating, complication of
treating blood cancers. Although DIIHA is estimated to affect only 1 per 1 000 000 patients annually, it is
associated with high mortality (15%).1-3 Over 130 drugs have been implicated in reports of DIIHA,
including fludarabine.4 Bendamustine is a bifunctional mechlorethamine derivative that is widely used to
treat non-Hodgkin lymphoma and chronic lymphocytic leukemia (CLL).5,6 It shares a purine ring with
fludarabine, the most common drug to induce red blood cell autoantibodies.3,6

We report a case of severe bendamustine-induced immune hemolytic anemia causing renal failure in a patient
with splenic marginal zone lymphoma (SMZL). We also report the results of a systematic review summarizing
all previous reports of bendamustine-induced hemolytic anemia in the English-language literature.

Case description

A 65-year-old man presented to the emergency department with severe fatigue, myalgias, dark urine,
and fever, hours after day 1 of his fourth cycle of bendamustine and rituximab (BR) for symptomatic
SMZL. His medical history was otherwise notable for HIV with a CD4 count of 310, as well as
undetectable viral load, essential hypertension, hypothyroidism, and previous exposure to hepatitis
B virus with evidence of immunity. Medications included bictegravir, emtricitabine, tenofovir, ramipril,
L-thyroxine, and trimethoprim-sulfamethoxazole. He had no prior chemoimmunotherapy exposure. The
patient received the first cycle of BR without complication. He experienced a grade 3 hypersensitivity
reaction during his second cycle, with hypotension and fever. He tolerated a modified third cycle of BR,
with full-dose bendamustine, split rituximab dosing, and concurrent dexamethasone. However, 8 hours
after the day 1 bendamustine infusion of his fourth cycle finished, he presented with the aforementioned
findings. He had not yet received the rituximab component of his BR.

His examination was notable for fever (39.1°C) and jaundice. Laboratory investigations revealed
a hemoglobin of 81 g/L (from 102 g/L [reference (ref), 130-170 g/L]), acute kidney injury (creatinine,
194 mmol/L; baseline, 113 mmol/L [ref, 52-112 mmol/L]), and biochemical evidence of hemolysis (total
bilirubin, 124 mmol/L [ref, 0-23 mmol/L]; indirect bilirubin, 93 mmol/L; lactate dehydrogenase, 1476 U/L
[ref, 100-195 U/L]; haptoglobin, ,0.01 g/L [ref, 0.3-2.0 g/L]). Urine microscopy demonstrated heme-
granular casts. Blood film revealed polychromasia, but no schistocytes or spherocytes. His reticulocyte
count was 18. Concomitant disseminated intravascular coagulopathy was noted (platelets, 113 109/L
[ref, 140-4003 109/L]; thrombin time, 25.1 seconds [ref, 12.5-16.0 seconds]; activated partial
thromboplastin time, 28.3 seconds [ref, 24.0-37.0 seconds]; fibrinogen, 1.0 g/L [ref, 1.8-4.0 g/L];
D-dimer, .5000 ng/mL [ref, ,230 ng/mL]). He had no clinical manifestations of hemorrhage or
thrombosis. His blood group was A1, and his antibody screen was positive for a panagglutinating
immunoglobulin G (IgG) autoantibody. The direct antiglobulin test (DAT) was strongly positive for IgG and
a panagglutinating IgG antibody was eluted off of his red cells. He was diagnosed with warm autoimmune
hemolytic anemia (AIHA), presumed to be secondary to bendamustine based on the timing of his
presentation. He received 80 mg of methylprednisolone per day for 12 days, 1 g/kg IV immunoglobulin
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per day for 2 days, and 1 IV dose of 375 mg/m2 rituximab. He was
also treated with plasma exchange using frozen plasma daily for 2
days. He was then transitioned to 1 mg/kg prednisone, which was
tapered off over the ensuing 4 weeks. He required 3 weeks of
intermittent hemodialysis for renal dysfunction secondary to acute
tubular necrosis from heme-pigment deposition. His hemolysis
resolved, his hematologic parameters recovered to baseline, and
his renal function normalized over 4 weeks. His DAT remained
positive for 2months. His chemotherapy regimenwas then transitioned
to rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone with good tolerance and response.

Methods

We searched 2 electronic databases, Medline and EMBASE, using
a date range from 1947 to 8 August 2019. The following keywords
and medical subject headings were used: (bendamustine) AND
(hemolysis OR hemolytic anemia OR autoimmune hemolytic anemia
OR AIHA OR Evans syndrome). The database search was
conducted by 2 authors (M.C. and W.K.S.). Bibliographies of
articles and review articles were hand-searched to identify primary
articles that may have been missed in the initial search. Only
English-language papers were included. All publications reporting 1

or more cases of hemolytic anemia in the context of bendamustine
use were included. Two authors (M.C. and W.K.S.) independently
extracted data from all studies into data summary tables.

Results and discussion

As outlined in Figure 1, our search yielded 218 potentially relevant
reports, of which 39 were duplicates. A total of 179 unique articles
were screened for eligibility; 10 met full inclusion criteria (Figure 1).
Twenty-six cases of bendamustine-induced AIHA are documented
(Table 1).7-16 All cases occurred in patients with CLL, except for 1 in
a patient with follicular lymphoma.9 Similarities to our patient
included DAT positivity in a majority of cases (9 of 14 reported
cases). Unlike our patient, most had previous exposure to purine
nucleoside analogs (20 of 26), and DIIHA occurred after a median
of 2 cycles of BR (range, 1-6). There was no documented renal
failure in any case. All patients were treated with systemic
corticosteroids; rituximab was used in 8 patients and IV immuno-
globulin was used in 1 patient. No patients received plasma
exchange. One patient died of overwhelming septic shock; all
others recovered.

Purine analogs, such as bendamustine, cause a drug-independent
DIIHA that is serologically indistinguishable from warm AIHA.3,17 In
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Figure 1. PRISMA 2009 flow diagram. For

more information, visit www.prisma-statement.org.

Adapted from Moher et al.24
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these cases, patients acquire a circulating drug-induced antibody
when initially exposed to the drug, which may then cause acute
reactions with subsequent administrations.3 These patients have
a DAT positive for IgG and/or C3.3 Risk factors for bendamustine-
induced immune hemolytic anemia include previous purine analog
exposure and a diagnosis of CLL. To diagnose DIIHA, other
secondary causes of AIHA, such as infection and malignancy, need
to be excluded.17 Our patient had SMZL and HIV. Although AIHA is
seen in ;10% of SMZL patients, our patient had no evidence of
hemolysis at baseline, or immediately prior to his fourth cycle of
bendamustine.18,19 HIV is an extremely rare cause of AIHA, with
,20 documented reports in the literature; moreover, all cases
occurred in patients with CD4 counts ,200.20 Given that our
patient’s CD4 count was.200 and his viral load was undetectable,
we find it extremely unlikely that HIV caused AIHA.

There is little evidence informing the treatment of DIIHA. A 2017
British Society for Haematology guideline recommended cessation
of the offending drug and supportive care.17 The utility of steroids
is unclear as their benefit is difficult to distinguish from the effects
of stopping the drug.17 Despite this, 85% of patients with DIIHA
receive corticosteroids.21 Rituximab, azathioprine, cyclophospha-
mide, cyclosporine, danazol, mycophenolate, and IV immunoglob-
ulin may also be effective for severe or refractory AIHA.22,23

Hematologic recovery usually occurs within 1 to 2 weeks of
treatment and drug cessation.3,17 The decision to undertake plasma
exchange was in light of his severe presentation and rapidly
deteriorating renal function. Plasma was used instead of albumin to
mitigate further exacerbations of his concurrent coagulopathy.

In summary, we report a case of severe bendamustine-induced
AIHA and renal failure in a patient with SMZL. We believe that this is

the correct diagnosis given the temporal association of his
hemolytic abnormalities with exposure to bendamustine, absence
of other agents that cause DIIHA, and lack of other risk factors for
secondary AIHA. We also present a systematic review of the
English-language literature on hemolytic anemia associated with
bendamustine use. Unlike the presented case, most previous
reports occurred in patients with CLL after a median of 2 cycles
of bendamustine. Prior exposure to fludarabine was frequently
reported. In conclusion, DIIHA is a rare, but potentially life-threatening,
complication of bendamustine chemotherapy. Clinicians with past or
current knowledge of similar cases are encouraged to report their
cases to facilitate better understanding of this rare complication of
treatment. Future studies should evaluate risk factors that predict
bendamustine-induced AIHA, and validate effective treatment
options.
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Table 1. Summary of case reports and series of bendamustine-induced immune hemolytic anemia

Reference/year n Age, y/sex

Hematologic

diagnosis (n)

No. of

bendamustine cycles

prior to hemolysis

Prior

nonbendamustine purine

analog exposure (n)

Low

platelets (nadir

platelet count)

DAT

status Treatment Outcome

Cuneo et al7/2018 2 NR CLL (2) NR Fludarabine
Chlorambucil

NR NR NR NR

Fischer et al8/2011 2 NR CLL (2) NR Fludarabine
Fludarabine

NR NR NR NR

Glance et al9/2009 1 64/female FL (1) 4 No Yes (16) Negative P 1 mg/kg Recovered

Goldschmidt et al10/2013 5 69/male
63/female
66/female
59/male
54/male

CLL (5) 1
2
6
1
1

Fludarabine
Fludarabine
Chlorambucil
Fludarabine
Fludarabine

NR IgG1

C31

Negative
IgG1

Negative

P, R
P, R, C
P
M, I, R, C
P, R

Recovered (4/5)
Death (1/5)

Haddad et al11/2014 1 70/female CLL (1) 3 Fludarabine NR IgG1, C31 P 1 mg/kg Recovered

Hodskins et al12/2014 1 62/male CLL (1) 1 No NR Positive P Recovered

Knauf et al13/2009 2 NR CLL (2) NR No (2) NR NR NR NR

Laurenti et al14/2016 6 58/female
62/female
68/male
64/female
63/female
68/male

CLL (6) 6
4
2
3
4
1

No
No
Fludarabine
Fludarabine
Fludarabine
Chlorambucil

NR Positive
IgG1

Positive
Negative
Negative
IgG1

P
P
P, R, C, V
R
P
P

Recovered (6/6)

Nyatanga et al15/2015 5 63 (median)
56-69 (range)

CLL (5) NR Fludarabine (3) NR NR P (3)
P, R (1)
P, R, C (1)

Recovered (5/5)

Spacek et al16/2019 1 NR CLL (1) NR NR NR NR NR NR

C, cyclophosphamide; FL, follicular lymphoma; I, IV immunoglobulin; M, methylprednisolone; NR, not reported; P, prednisone; R, rituximab; V, vincristine.
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