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Vincristine-induced anemia in hereditary spherocytosis

Jennifer Michlitsch1, Sandra Larkin2 , Elliott Vichinsky1,2 and Frans A Kuypers2

1Department of Hematology/Oncology, UCSF Benioff Children’s Hospital, Oakland, CA 94609, USA; 2Children’s Hospital Oakland

Research Institute, Oakland, CA 94609, USA

Corresponding author: Frans A Kuypers. Email: fkuypers@chori.org

Abstract
Vincristine, a vinca alkaloid, is widely used in many hematologic disorders and pediatric

cancers, and acts by binding to the tubulin protein, to inhibit effective cell division.

Vincristine-induced anemia has been observed, but its mechanism is not well understood.

We describe a case involving serious vincristine-induced anemia in a patient with congen-

ital spherocytosis and provide the explanation to the underlying mechanism. This report

demonstrates that vincristine administration to patients with a red cell disorder may require

additional clinical interventions to compensate for the vincristine-induced anemia.
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Introduction

Vincristine (VCR) is a vinca alkaloid widely used in many
hematologic disorders and pediatric cancers, including
acute lymphoblastic leukemia and lymphoma, Hodgkin
lymphoma, Wilms’ tumor, sarcomas, and neuroblastoma.
It works by binding to the tubulin protein, thereby inhibit-
ing mitosis and preventing effective cell division.1

Common side effects are peripheral neuropathy and con-
stipation. In contrast to most immunosuppressive or cyto-
toxic agents, hematopoietic toxicity is uncommon. While
VCR-induced anemia has been observed in the clinical
setting, its mechanism has not been well studied. Vinca
alkaloids can alter the red cell membrane and induce
changes similar to congenital spherocytosis. In fact, in
the early studies of congenital spherocytosis, vinca

alkaloid-induced membrane changes were used as a
model to understand congenital spherocytosis.2,3

Anecdotal cases suggest VCR may increase hemolysis in
congenital spherocytosis patients undergoing chemothera-
py.4 Here, we describe a case involving serious VCR-
induced anemia in a patient with congenital spherocytosis
and an explanation regarding the mechanism.

Materials and methods

The patient was born at 39 weeks gestation by normal spon-
taneous vaginal delivery. At birth, a complete blood count
was performed and she was noted to have multiple spher-
ocytes on her peripheral smear. There was no ABO-RH
incompatibility setup and the direct and indirect
Coombs test was negative. The diagnosis of hereditary

Impact statement
Therapy with vincristine (VCR), a vinca

alkaloid, is widely used in many hemato-

logic disorders and pediatric cancers, and

acts by binding to the tubulin protein, to

inhibit effective cell division. Our paper

indicates that treatment of patients with a

red cell disorder may require additional

clinical interventions to compensate for the

VCR-induced anemia. Careful evaluation of

other hematologic disorders is important in

using a well-known oncology treatment.

Whereas extreme concentrations of VCR

were shown to alter red cell viability, data

did not show negative effects in patients

treated. Our data show that under condi-

tions of increased hematopoiesis, hemo-

globin in the circulation drops rapidly

requiring transfusion. VCR administration

to patients with a red cell disorder may

require additional clinical interventions to

compensate for the VCR-induced anemia.

ISSN 1535-3702 Experimental Biology and Medicine 2019; 244: 850–854

Copyright ! 2019 by the Society for Experimental Biology and Medicine

https://orcid.org/0000-0002-3961-2018
mailto:fkuypers@chori.org


spherocytosis (HS) was suspected based on a strong family
history, and this was confirmed on osmotic fragility testing
and Eosin-5-maleimide binding test for band 3 protein. In
the newborn nursery, she developed hyperbilirubinemia,
requiring phototherapy for a total of seven days. At the
time of discharge, she had a hemoglobin (Hb) count of
12 g/dL, with a reticulocyte count of 3.4%. She was fol-
lowed closely during the newborn period and required
two blood transfusions, the first at 3.5 weeks of age and
the second at 7 weeks of age, when her Hb had dropped
to 6.8 and 7.1 g/dL, respectively.

Thereafter, she did quite well clinically without any epi-
sodes of acute hemolytic or aplastic events. She did not
require post neonatal transfusion therapy. Her serial
CBCs demonstrated a compensated hemolytic process.
Following the newborn period, her Hb averaged around
10 g/dL, with a chronic reticulocytosis of 6–8%. A mildly
elevated serum bilirubin (average 1.7 mg/dL) was also con-
sistent with ongoing red blood cell turnover, and she was
supplemented with daily folic acid. She demonstrated
normal growth with stable mild splenomegaly noted at
1–2 cm below the left costal margin. Unlike her brothers
and father, she did not require splenectomy.

At six years of age, the patient presented to her pedia-
trician with facial swelling and prominent venous collater-
als over the upper chest. She was referred to our center
where a chest X-ray revealed a large anterior mediastinal
mass; a computed tomography showed encasement of the
left innominate and right brachiocephalic veins. Also noted
were multiple calcified gallstones and moderate spleno-
megaly, consistent with the patient’s history of HS.
A suprasternal biopsy revealed T-lymphoblastic lympho-
ma; bone marrow aspirates were negative for tumor
involvement. At the time of diagnosis, the patient had a
stable Hb (10 g/dL) and a prominent reticulocytosis (18%).

She commenced chemotherapy on the Children’s
Oncology Group protocol AALL0434 and four days after
her first doses of chemotherapy, she required a packed red
blood cell (PRBC) transfusion for a Hb count of 5.6 g/dL.
Other blood cell lines at this time were within normal
limits, with a white blood cell count of 9.7k/mm3 and pla-
telets of 283k/mm3; total bilirubin was 2.1 mg/dL and the
reticulocyte count four days prior had been 18%. Over the
ensuing months, she received required transfusions every
couple of weeks as she progressed through the standard
phases of therapy. By the start of maintenance eight
months later, she had received 14 PRBC transfusions, far
more than the average patient receiving this therapy. The
intermittent drops in hemoglobin did not seem to correlate
with any one particular agent, and her clinical and imaging
studies demonstrated a stable, mildly enlarged spleen.

A clear pattern of VCR-induced anemia began to emerge
once the patient started the maintenance phase of therapy.
She was noted to have Hb values in the range of 8–9 g/dL
at each monthly clinic visit, when she received intravenous
VCR, commenced a five-day steroid pulse, and received
intermittent intrathecal methotrexate. By 3–4 days later,
her Hb dropped to the point of requiring transfusion. Her
other blood cell lines were minimally affected; total white

blood cell and platelet count did not change significantly
during the four days after VCR treatment or thereafter.

Blood was collected in Ethylenediaminetetraacetic acid
(EDTA) or Acid citrate dextrose (ACD) at different time
points during treatment. Routine Complete Blood Count
(CBC) and blood chemistry measurements were performed
in the clinical laboratory at Benioff Children’s Hospital
Oakland (BCHO). Analysis with the Advia 120 hematology
analyzer (Siemens, Laguna Hills, CA) and assessment of
the osmotic deformability profile5,6 were conducted on
selected samples at the red cell laboratory at Children’s
Hospital Oakland Research Institute (CHORI).

Results

Figure 1 shows a typical hematology assessment on the day
before VCR treatment. The decreased RBC count and Hb
level, and increased reticulocyte count are typical for a red
cell disorder with a decreased RBC survival. The histo-
grams of volume and RBC hemoglobin concentration indi-
cate a heterogeneous RBC and reticulocyte population
(Figure 1(a)). The RBC matrix shows a shift in the density
profile of the RBC population as compared to normal.

The osmotic deformability profile shown in Figure 1(b)
shows a typical shift for HS with a decrease in maximum
deformability (DImax), an increase in the minimum
deformability at low osmolality (Omin), and a slight
decreased deformability at high osmolality (Ohyp).
Labeling with Eosin-5-maleimide and microscopic evalua-
tion as well as review of the family history (not shown)
confirmed HS.

Figure 2 shows data for Hb and reticulocyte count col-
lected during the one-year maintenance phase of therapy in
which the patient received monthly intravenous VCR. The
average data at the day of treatment (day 1) were similar
to her baseline levels as shown for a typical sample in
Figure 1. On day 4 after treatment, Hb had decreased
from 8.8� 0.5 to 5.8� 0.6 g/dL and the retic count
decreased from 13.4� 4 to 4.3� 0.7%. Transfusion at day
4 corrected Hb, and the reticulocyte count as well as Hb
returned to maintenance therapy baseline levels.

As vinblastine has been noted to denature spectrin in red
cell membranes and induce spherocytosis,2,3 we hypothe-
sized that VCR, another vinca alkaloid, could have a similar
effect on RBCs. The level of VCR in her bloodstream at the
time of dosing was estimated to be around 0.9 mg/mL,
which is the equivalent of a final concentration of approx-
imately 1 mM. Vinblastine was reported to increase RBC
rigidity significantly at 10 mmoles/ml of RBC.3 The concen-
tration relative to RBC of this reported incubation in vitro is
roughly 2000 times the concentration in the circulation of
the patient with a hematocrit of 20%. Blood samples taken
before and 1 h after VCR treatment were analyzed by ekta-
cytometry. Figure 3(a) shows that the curves obtained were
virtually identical, indicating that the RBC deformability
was not affected in the 1 h after dosing. Neither total
blood count nor RBC density changed in this one-hour
period immediately after treatment (not shown). A direct
comparison with published data is hampered by the fact
that the concentration in the circulation is a rough estimate
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and peripheral blood levels of VCR are likely to drop rap-
idly after dosing. To confirm the assessment that a change
in RBC rigidity was unlikely the reason for the drop in Hb,
blood collected from the patient was treated with 100 mM
VCR for 1 hour at 37�C. The condition of incubation was
similar as reported,3 be it with a lower concentration of the
compound per RBC. We argued that the published condi-
tions would require the presence of approximately 20 mM
VCR in whole blood, a level that would be orders of mag-
nitude higher than can be expected in the clinic. Our in
vitro incubation, in the presence of 100 mM VCR was also
many folds higher than that seen in vivo. However, even

under these relatively extreme conditions, the osmotic
deformability pattern, a sensitive assessment of membrane
skeletal alterations, was not affected (not shown).

As indicated in Figure 1, Hb and RBC count dropped
dramatically in the four days after treatment. Assessment
with the Advia 120 analyzer confirmed the drop in Hb,
RBC, and reticulocyte count as obtained from the routine
clinical lab data. Although Hb and the number of RBCs
decreased significantly, RBC characteristics (MCV,
MCHC) on day 4 after treatment were not significantly dif-
ferent from day 1, as shown in Figure 1. Markers of hemo-
lysis (total bilirubin, LDH) were not significantly higher at
the RBC nadir following VCR treatment. Blood analyzed by
ektacytometry at day 4 after treatment, and before transfu-
sion, did not show a shift (Figure 3(b)).

Together, these data indicate that rather than damage of
peripheral blood RBCs, a dysregulation of erythropoiesis
likely led to the rapidly developing anemia after treatment.
The rapid drop in marrow output seems only temporary.
After transfusion at day 4, the levels stabilize and reticulo-
cytes reversed to baseline levels after a month, before the
next VCR treatment. Figure 3(a) and (b) shows the ektacy-
tometric deformability profile two months apart and indi-
cate that at different times of treatment the deformability
profile was virtually identical. Several months after treat-
ment, the hematologic parameters returned to those typical
for HS.

Discussion

HS is a common inherited hemolytic anemia characterized
by spheroidal, osmotically fragile, RBCs with a shortened
life span.7,8 The severity of the disease varies from clinically
mild to severe and is based on altered interactions between
the RBC membrane skeleton and the membrane bilayer.

Figure 2. Hemoglobin and reticulocyte counts compiled during a one-year

treatment with VCN. The average data at the day of treatment (day 1) as well as

days after treatment are indicated. (A color version of this figure is available in the

online journal.)

Figure 1. (a) Routine hematology analysis of the patient (top) and typical density profile of a patient sample (right) and control (left) before VCN treatment. The

distribution of volume/hemoglobin concentration (V/HC) in both RBC and reticulocytes is strikingly different between patient and control, indicating a highly diverse

RBC population. The percentage of cells in each of the nine RBC volume and hemoglobin concentration matrix sections is indicated. (b) Osmotic deformability profile

shows a typical shift for hereditary spherocytosis with a decrease in maximum deformability (DImax) and increase in the minimum at low osmolality (Omin) and a slight

decreased deformability in high osmolarity (Ohyp). (A color version of this figure is available in the online journal.)
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Most patients are moderately affected, with incompletely
compensated hemolysis and, as seen in this patient, a mild-
to-moderate anemia. Hemolytic crises, usually triggered by
viral infections, may lead to the need for RBC transfusions,
and patients may benefit from splenectomy.9 In addition to
transfusion, steroid treatment10,11 or erythropoietin stimu-
lating agents12 have been used in some cases to modulate
the hemolytic events in these patients.

The alkaloid anticancer drugs vinblastine and VCR exert
their effects by binding to tubulin,1 thus inhibiting micro-
tubule formation in the mitotic spindle and resulting in an
arrest of dividing cells at the metaphase stage. Vinblastine
has been shown to induce alterations in the RBC that lead to
increased cell rigidity and a spherocytic morphology.2,3

Hence, it was logical to assume that the hemolytic crisis
induced in this HS patient might have been related to an
additional RBC membrane insult in addition to the alter-
ation that led to spherocytosis. This in turn would lead to
an increased filtration of the more rigid cells in the spleen.
Our data do not support this hypothesis. We cannot con-
clude that no additional cells are removed from the circu-
lation during the four days after treatment, but there
was no evidence of hypersplenism or increased hemolysis.
The RBC counts and characteristics were not affected.
Moreover, although the total RBC mass decreased after a
few days, the remaining RBCs were virtually identical to
the cells on the day of treatment. When VCR was added to
blood from the patient in vitro, at concentrations approxi-
mately 100-fold greater than those experienced by RBC in
vivo, no change in deformability was observed and other
RBC characteristics remained the same. It cannot be exclud-
ed that vinblastine acts differently from VCR, and it should
be taken into account that the conditions used in the pub-
lished reports are more extreme.2,3 RBC rigidity was mea-
sured by the resistance of RBC to filtrate through artificial

filters2,3 rather than the measure of deformability with
ektacytometry.

Our data show that a negative effect of VCR on erythro-
poiesis is likely the major cause of the acute anemia. It is
likely that VCR, in addition to affecting its primary treat-
ment target, caused a temporary arrest of the erythroid
marrow precursors. VCR has been observed to decrease
erythropoiesis13 and lower reticulocyte count in chemo-
therapy protocols.14,15 In vivo murine and human studies
demonstrate VCR can induce a marked metaphase arrest in
early erythroblasts without concomitant changes in the
myeloid and megakaryocytic precursors. The laboratory
observations in this patient mimic the erythropoietic
changes observed in the murine model. In animal studies,
VCR-induced a rapid metaphase arrest reaching a nadir in
two to five days.13,16,17

This patient received a common treatment protocol in
which the maintenance phase of therapy does not typically
cause severe anemia in pediatric patients. This is likely
explained by the fact that a temporary reduction in eryth-
ropoiesis in patients with a normal RBC survival and a
normal low reticulocyte count is unlikely to be noticed.
However, in a patient with a drastically decreased RBC
survival and highly increased erythropoiesis, a disruption
in RBC generation will be apparent. The drop in reticulo-
cytes will disrupt the compensation for the reduced RBC
lifespan, and the already low Hb levels will drop in a few
days to levels that require transfusion. This may not be
limited to a membrane disorder such as described here.
Patients with hemoglobin disorders such as thalassemia
and sickle cell anemia have a high rate of erythropoiesis,
increased reticulocytosis, and reduced RBC lifespan. We
speculate that VCR therapy may also have an unwanted
impact in these cases.

Figure 3. Osmotic deformability profile of blood samples collected on two different treatment cycles, three months separated. (a) Blood collected immediately before

VCN injection (k) and 1 h after VCN treatment (�). (b) Blood collected immediately before VCN injection (k), 1 h after VCN treatment (�) and four days after VCN treatment

(t). (A color version of this figure is available in the online journal.)

Michlitsch et al. Vincristine-induced anemia in hereditary spherocytosis 853
...............................................................................................................................................................



In conclusion, our report demonstrates that VCR admin-
istration to patients with an RBC disorder may require
additional clinical interventions to compensate for the
VCR-induced anemia.
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