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CASE REPORT

Long-lasting severe anemia 
following treatment with natalizumab 
for relapsing–remitting multiple sclerosis: a case 
report
Lars Henrik Dahl Hamnvik1,2*  , Geir E. Tjønnfjord2,4, Signe Spetalen3 and Jakob Dalgaard1 

Abstract 

Background Natalizumab is a monoclonal antibody used to treat patients with relapsing–remitting multiple scle-
rosis. Anemia is a recognized side effect, but it is usually mild and of a short duration when natalizumab is stopped. 
Here, we describe a case of a young woman with severe and especially long lasting anemia associated with treatment 
with natalizumab, persisting up to a year after treatment was stopped.

Case presentation A 24 year-old Caucasian woman with relapsing–remitting multiple sclerosis developed severe 
transfusion dependent anemia after 27 infusions with natalizumab, which was her first and only treatment for her 
multiple sclerosis. Extensive hematologic diagnostics did not reveal any malignant cause or any other plausible 
non-malignant cause for her anemia. The bone marrow was found to be hypercellular, with a maturation arrest 
of the erythropoiesis and with grade 1–2 fibrosis. No specific treatment for the anemia was given. The hemoglobin 
level showed signs of spontaneous increase after nearly one year after natalizumab was discontinued.

Conclusion Severe anemia can be caused by treatment with natalizumab. This case adds information to the few 
other similar reported cases, demonstrating the potential duration of the anemia, as well as detailed description 
of hematologic findings. The mechanism is most likely due to inhibition of α4 subunit of the α4β1-integrin, which 
is present on both lymphocytes and erythroid precursor cells.
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Introduction
Natalizumab is a monoclonal antibody used to treat 
patients with relapsing–remitting multiple sclerosis 
(RRMS). The antibody selectively binds and inhibits 
the α4 subunit of the α4β1-integrin, very late antigen-4 
(VLA-4), blocking interaction with vascular cell adhe-
sion molecule 1 (VCAM-1) [1]. This inhibition prevents 
the transmigration of lymphocytes over the blood–brain 
barrier, resulting in reduced inflammation in the central 
nervous system. Natalizumab has a number of potential 
side effects, of which progressive multifocal leukoen-
cephalopathy has gained much attention and aware-
ness. Different hematologic side effects are known, and 
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natalizumab has been reported to cause severe anemia 
[2–6]. Different putative mechanisms behind anemia may 
exist. Natalizumab has been shown to cause severe direct 
anti-globulin test (DAT) positive hemolytic anemia after 
only one or two infusions. More importantly, the block-
ing of α4β1-integrin can interrupt the communication 
between macrophages and erythroblasts, which is impor-
tant for red cell maturation. Here, we describe another 
case of an unusually long-lasting severe anemia associ-
ated with treatment with natalizumab, most likely due to 
the last mentioned mechanism.

Case
A 24-year-old Caucasian woman was diagnosed with 
RRMS 30 months before the present admission. At the 
time of the RRMS diagnosis, she had reduced vision and 
general hyperreflexia and suffered from fatigue. After two 
months of observation, treatment with monthly subcu-
taneous injections with natalizumab was initiated and 
subsequently considered well tolerated. Following 27 
infusions of natalizumab the patient complained of head-
aches. One month later, severe anemia with a hemoglobin 
of 6.2 g/dL was detected, and the patient was admitted 
for hematological investigations. She had never received 
corticosteroids or any other form of MS treatment.

The patient complained of fatigue and dyspnea on 
activity over the past 2–4 months. With regard to poten-
tial blood loss, she had amenorrhea due to injections with 
medroxyprogesterone acetate every three months and 
fecal occult blood test was negative. A mild tachycardia 
of 110 was noted, and her mucous membranes were pale. 
On physical examination no enlarged lymph nodes were 
found and the liver and spleen was not palpable. There 
were no other clinical findings apart from her neurologi-
cal disability.

Laboratory results revealed macrocytic anemia, mild 
neutropenia, and normal thrombocytes. Apart from 
increased lactate dehydrogenase and decreased hapto-
globin, the laboratory parameters were within normal 
ranges (Table 1). Vitamin B9, B12 and metylmalonic acid 
were normal. She received transfusions with packed red 
cells. Viral serology indicated previous CMV and EBV 
infection, and antibodies for hepatitis B and C viruses 
were negative. A blood smear showed anisocytosis with 
macrocytosis. No spherocytes, schistocytes or red blood 
cell agglutination was detected. Thus, there were no mor-
phological signs of hemolysis. A bone marrow smear dis-
played increased cellularity, with an adequate number of 
megakaryocytes without dysplastic features. Granulocy-
topoiesis was normal. Erythropoiesis constituted 35% of 
all nucleated cells, with a left shift indicated by a relative 
lack of polychromatic and pyknotic erythroblasts. There 

were no signs of inclusion bodies in erythroid precursors, 
as can be seen in parvovirus infection.

Flow cytometry of the bone marrow showed a normal 
percentage and phenotype of CD34 + cells, a marked left 
shift in erythropoiesis, and a slight discordant expres-
sion of CD71 and CD36. A CT scan of the neck, thorax, 
abdomen, and pelvis demonstrated a slightly enlarged 
spleen with an axial diameter of 15 cm and a homogene-
ous density with no focal lesions. With a low haptoglobin, 
elevated lactate dehydrogenase, and splenomegaly, 
hemolytic anemia was considered; however, the reticu-
locyte count was not elevated, and bilirubin was normal. 
DAT was positive for anti-C3d and negative for anti-IgG. 
Cold agglutinins were not detected.

Without evidence of malignant disease or other acute 
life-threatening conditions, the patient was observed for 
four months without any specific therapy. Treatment 
with natalizumab was stopped, and no other MS-directed 
therapy was initiated. There was no sign of spontane-
ous remission, and she remained transfusion depend-
ent. Subsequently, a trephine biopsy was performed. The 
bone marrow displayed maximal cellularity, with all lin-
eages represented. Erythropoiesis showed a marked left 
shift. There was reticulin fibrosis of grades 1 to 2 of 3 and 
a slight T lymphocyte hyperplasia was noted. No features 
of myeloproliferative neoplasia or myelodysplasia was 
detected (Fig. 1a–d). This indicated a pathologic process 
halting the maturation of erythrocytes. Bone marrow 
aspiration at this time resulted in a dry tap; thus, karyo-
typing was not performed.

Endogenous erythropoietin was markedly elevated at 
652 IU/L. Tests for autoimmune antibodies were negative 
(anti-nuclear antibodies, anti-DNA antibodies, anti-neu-
trophil cytoplasmic antibodies MPO and PR3, anti-actin 
antibodies, anti-M2 antibodies, anti-CCP antibodies). A 
monoclonal T cell receptor (TCR) gene rearrangement 
on a polyclonal background was found. Further molecu-
lar testing with a myeloid mutation panel was done using 
Illumina’s TruSight Sequencing Panel, covering 54 com-
monly mutated genes. No somatic mutations with an 
allele frequency > 5% were detected. Paroxysmal noctur-
nal hemoglobinuria was ruled out by flow cytometry.

Seven months after admission, the hemoglobin 
was still low (8.9 g/dL). A blood smear showed that 
two thirds of lymphocytes were large granular lym-
phocytes. Flow cytometry of peripheral blood dem-
onstrated normal levels of T and B lymphocytes and 
NK cells. The T lymphocytes had a normal CD4/CD8 
ratio and a normal phenotype. Approximately 50% 
of the CD8 + T lymphocytes expressed CD57. The 
same clonal TCR gene rearrangement was still pre-
sent. One month later, erythropoiesis showed signs 
of regeneration, and 9 months after natalizumab was 
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discontinued, the patient had a hemoglobin level of 
11.6 g/dL. There was no further need for transfusions, 
and after nearly one year, the patient had fully recov-
ered. She did not receive natalizumab or any other MS 
treatment after she was admitted with severe anemia. 
In total, she received 13 units of packed red blood 
cells.

Discussion
The main findings of the diagnostic work-up were hyper-
cellular bone marrow, reticulin fibrosis of grades 1–2, 
and marked left shift of erythropoiesis. Since the anemia 
was macrocytic, a deficiency of vitamin  B9 and  B12 were 
considered but was excluded early on. Excessive intake of 
alcohol is another common cause of macrocytic anemia, 

Table 1 Laboratory data at admittance

eGFR Estimated glomerular filtration rate

Variable Results Reference 
range 
(Adults)

C-reactive protein (mg/L) 8 0–5

Hemoglobin (g/dL) 6.2 11.7–15.3

Mean corpuscular volume (fL) 112 82–98

Mean corpuscular hemoglobin (pG) 37 27–33

Reticulocytes (×  109/L) 30 30–100

Reticulocytes (%) 1.8 0.2–2.0

Reticulocytes hemoglobin concentration (pG) 40 28–35

Leukocytes (×  109/L) 3.2 3.5–11.0

Neutrophils (×  109/L) 1.33 1.5–7.0

Lymphocytes (×  109/L) 1.53 0.8–3.7

Monocytes (×  109/L) 0.23 0.2–0.8

Eosinophils (×  109/L) 0.05 0.0–0.4

Basophils (×  109/L) 0.02 0.0–0.1

Thrombocytes (×  109/L) 259 145–390

Vitamin  B12—holo-transcobalamin-2 (pmol /L) 44  > 31

Folic acid (nmol/L) 11.1 4.2–21.7

Methylmalonic acid (µmol L)  < 0.26  < 0.26

Ferritin (µg/L) 283 15–200

Transferrin (g/L) 1.9 2.0–3.3

Serum Iron (µmol/L) 44 9–34

Transferrin saturation (%) 94 10–50

Transferrin receptor (mg/L) 0.81 0.76–1.76

Creatinine (µmol/L) 81 45–90

 eGFR (mL/min/1.73m2) 88  > 80

Lactate dehydrogenase (U/L) 338 105–205

Bilirubin (µmol/L) 16 5–25

Alanine aminotransferase (U/L) 26 10–45

Alkaline phosphatase (U/L) 76 35–105

Albumin (g/L) 39 36–48

Haptoglobin (g/L) 0.06 0.4–2.1

IgA (g/L) 2.0 0.7–4.3

IgG (g/L) 9.8 6.9–15.7

IgM (g/L) 1.17 0.6–2.3

Electrophoresis No monoclonal protein detected

Free kappa chain (mg/L) 22.7 6.7–22.4

Free lambda chain (mg/L) 28.3 8.3–27.0

Kappa/lambda ratio 0.8 0.31–1.56
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but this was not the case in our patient. Liver function 
tests were normal. Reticulocytosis may give rise to mild 
macrocytosis, but our patient had a normal number 
of reticulocytes [7]. Myelodysplastic syndromes (often 
present with macrocytic anemia, but are uncommon in 
young adults, with only 0.1 cases per 100  000 person-
years below 40 years [8]. Myelodysplastic syndromes 
were ruled out by the absence of significant dysplastic 
features and no molecular genetic aberrations. Endo-
scopic investigation of the GI-tractus was considered not 
indicated because of no signs and symptoms of macro-
scopic blood loss, negative fecal occult blood test and no 
laboratory findings compatible with iron deficiency.

Autoimmune myelofibrosis was also considered but 
was unlikely due to negative autoantibodies and the char-
acteristics of the bone marrow, with a left shift of eryth-
ropoiesis [9]. A low haptoglobin and a modest increase 
in lactate dehydrogenase indicated hemolysis, and DAT 
was positive. Anti-IgG negative and anti-C3d positive 
are DAT signatures typical of cold agglutinin disease, but 
cold agglutinins were not detected. Hemolytic anemia is 
a recognized complication of natalizumab. Midaglia et al. 

and Rivero et  al. reported cases of severe autoimmune 
hemolytic anemia with a similar DAT following treat-
ment with natalizumab [10, 11]. They showed the anti-
body to be drug-dependent. However, it is also known 
that 1–15% of hospitalized patients may have a positive 
DAT without overt signs of hemolysis [12]. The normal 
amount of reticulocytes is an argument against autoim-
mune hemolytic anemia in our patient, and the DAT was 
therefore considered non-significant. DAT repeated 50 
months after cessation of natalizumab was weakly posi-
tive but negative for both IgG and C3d. We also found 
clonal TCR gene rearrangement, indicating immunologi-
cal dysregulation. However, this was still present when 
our patient had recovered from the anemia, and the 
clonal TCR gene rearrangement was most likely a con-
founding finding.

The patient was found to have mild splenomegaly of 
15 cm on CT scan. There are multiple causes for sple-
nomegaly including hemolytic anemia and hematologic 
malignancies like lymphoid neoplasms. Sometimes etiol-
ogy can´t be found [13]. Since the anemia spontaneously 
improved, the splenomegaly is likely not a major factor in 

Fig. 1 Bone marrow biopsy showing high cellularity (hematoxylin–eosin stain [H&E]; × 40) (a). Left-shifted erythropoiesis (arrow heads) (H&E, × 200) 
(b), highlighted by E-cadherin stain (× 200) (c). Grade 1–2 fibrosis, Gomori stain (× 200) (d)
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the pathogenesis, although the positive DAT and signs of 
a clonal T-cell population could potentially be linked to 
the enlarged spleen.

Parvovirus B19 infection is another cause of anemia, 
usually in patients with underlying hemolytic anemia or 
who are immunocompromised [14]. This possibility was 
also ruled out from microscopic evaluation of the bone 
marrow and later from a negative immunohistochemistry 
for parvovirus on the bone marrow biopsy.

From the very beginning, natalizumab was suspected 
to be the cause of the anemia, and the treatment was 
stopped upon admitting the patient. She did not receive 
any other treatment for her MS. Her only additional 
medication was medroxyprogesterone acetate injections 
every three months from one year before admission. A 
close assessment of medical records disclosed a fall in 
hemoglobin from around 14.5 g/dL to 12.5 g/dL after one 
year of natalizumab treatment. This development con-
tinued, and 27 months after initiation of treatment with 
natalizumab, hemoglobin was 6.2 g/dL (Fig. 2).

Anemia is reported as a common side effect of natali-
zumab, occurring with a frequency between 1 and 10%, 
but severe anemia is rare, affecting 1 of 1000 patients. 
Anemia is also observed in neonates delivered by women 
receiving natalizumab during pregnancy. The mecha-
nism of natalizumab-induced anemia is thought to be 
related to the presence of VLA-4 on the surface of fetal 
blood precursors [15]. The goal of natalizumab treatment 
is blocking VLA-4 on lymphocytes, preventing migra-
tion through the blood–brain barrier with an intention 
to reduce inflammation in the central nervous system 

[1]. Both VLA-4 and VLA-5 are found on erythroblasts 
and are thought to regulate erythroid differentiation [16]. 
Adherence of erythroblasts expressing VLA-4 to mac-
rophages expressing VCAM-1 plays an important role in 
the maturation and proliferation of erythroid precursors 
[17]. Blockage of VLA-4 can thus contribute to the inhib-
ited maturation of erythroblasts.

There are a few published reports of severe anemia 
associated with natalizumab [2–6]. These reports are 
summarized in Table  2 describing the main findings, 
treatment and duration of anemia. Simone et  al. and 
Seibert et al. separately reported a case of severe anemia 
following natalizumab treatment with striking similari-
ties to our case: macrocytic anemia and a hypercellular 
bone marrow with maturation arrest in erythropoiesis 
and fibrosis [5, 6]. Both patients recovered when natali-
zumab was discontinued. The authors did not report on 
DAT in their patients. Two other cases described treat-
ment with corticosteroids alone or in combination with 
intravenous epoetin alfa [3, 4]. It is uncertain whether 
this type of treatment can shorten the time to the regen-
eration of erythropoiesis, although it seems that sponta-
neous remission will nonetheless occur. Previous reports 
describe recovery of anemia within two to five months 
after stopping natalizumab, which could be expected 
considering the half-life and pharmacokinetics of the 
drug. Our patient had a complete recovery close to one 
year after discontinuing natalizumab.

The reason for this long-lasting anemia is unclear. The 
estimated median half-life of natalizumab is around 27 
days, with the 95th percentile interval of the terminal 
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half-life ranging from 11.6 to 46.2 days [18, 19]. Thera-
peutic drug monitoring of natalizumab can be done by 
measuring serum concentration and α4 integrin satura-
tion [18, 20, 21], and there are large individual variations 
in serum concentrations [20, 21]. Body weight and anti-
natalizumab antibodies have been found to affect both 
serum concentrations and the clearance of natalizumab; 
antibodies and high body weight lower the concentration 
of the drug and increase clearance. Further, natalizumab 
may still show some binding to α4 integrin even though 
it is cleared from the plasma [22]. Plavina et al. showed 
that it takes around 16 weeks before natalizumab is unde-
tectable in the serum, but that some antibodies may be 
detected on cells up to 28 weeks after interruption [23]. 
Our patient had no evidence of anti-natalizumab anti-
bodies but had a body mass index of 33.5. Thus, a lower 
concentration and faster clearance of the drug, result-
ing in a more rapid resolution of the anemia, may be 
expected. Muralidharan et  al., however, showed that α4 
integrin saturation was not significantly affected by body 
weight [18], and that other factors such as receptor den-
sity and turnover contribute to the known variability of 
α4 integrin saturation. We did not measure drug serum 
concentration or α4 integrin saturation, which could have 
been of interest considering the long-lasting anemia.

The fibrosis in the bone marrow in our case and in 
other cases is of uncertain etiology. Fibrosis is seen in 
many different conditions other than neoplastic pro-
cesses and can be reversible. Changes in the bone mar-
row microenvironment and cellular composition are 

usually mentioned as some of the mechanisms of fibrosis 
development [24]. The marked left shift of erythropoie-
sis, and thus changes in the bone marrow cellular envi-
ronment, could perhaps stimulate fibrosis.

Conclusion
This case underscores the possibility of developing a 
severe anemia during treatment with natalizumab, a 
recombinant anti-α4β1 integrin antibody. It shows that 
natalizumab-related anemia can be long lasting, up to a 
year. The mechanism of this side effect is probably related 
to the presence and subsequent blocking of α4β1 integrin 
on erythropoietic precursor cells.
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Table 2 Reported cases with severe anemia related to natalizumab

DAT Direct antiglobulin test; RBC Red blood cell

Case Mechanism and main finding 
described

Treatment for anemia Duration of 
natalizumab 
treatment

Duration of anemia Author

Present case Maturation arrest of erythropoiesis, 
bone marrow fibrosis

RBC-transfusion 27 months 9 months Hamnvik et al

Case 1 Maturation arrest of erythropoiesis, 
bone marrow fibrosis

RBC-transfusions 34 months 2–3 months Simone et al

Case 2 Hyporegenerative anemia Alfa-epoietin,
Corticosteroids,
RBC-transfusions

15 months 5 months Monteleone et al

Case 3 Hyporegenerative anemia Vitamin B and folic acid,
RBC-transfusions

16 months 4 months Monteleaone et al

Case 4 Hyporegenerative anemia RBC-transfusions 20 months 5 months Seibert et al

Case 5 Hyporegenerative anemia, matura-
tion arrest of erythropoiesis, bone 
marrow fibrosis

Corticosteroids,
RBC-transfusions

78 months 3 months Bachofner et al

Case 6 Drug-dependent, DAT positive 
hemolytic anemia

Intravenous immunoglobulins, 
corticosteroids, RBC-transfusions

1 week (1 dose) 2 weeks Midaglia et al

Case 7 Drug-dependent, DAT positive 
hemolytic anemia

Intravenous, Immunoglobulins, 
Corticosteroids,
RBC-transfusion

2 months (2 doses) 2–3 weeks Rivero et al
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