
Acquired Erythrocytosis Upon Treatment with Infliximab for

Ankylosing Spondylitis

To the Editor:

We describe a patient with ankylosing spondylitis (AS) who was treated

with infliximab and developed polycythemia that was Janus kinase 2

(JAK2)-negative (V617F and exon 12 mutation). This is the first report of

a patient with AS that developed erythrocytosis on treatment with

 infliximab.

A 31-year-old man of Italian and German ethnicity with 

HLA-B27-positive AS was started on treatment with infliximab (5 mg/kg

dose) in May 2007 because of lack of response to nonsteroidal antiinflam-

matory drugs. The disease showed excellent response to infliximab. He had

a 15-pack-year smoking history. Prior to starting infliximab, in April 2007

his hemoglobin was 14.5 g/dl, hematocrit 45.5%, and platelet count 334 x

103/µl. He gradually developed erythrocytosis (June 2008) with hemoglo-

bin 20.3 g/dl, hematocrit 56.6%, and platelet count 218 x 103/µl, and was

referred to the hematology clinic in July 2008. His peripheral blood smear

was noted to be benign. Jak2 mutation was negative including exons 12/14,

and erythropoietin level was normal. Bone marrow biopsy revealed ery-

throid hyperplasia and a mild increase in reticulin staining. He was started

on aspirin and therapeutic phlebotomies until his hematocrit decreased to

43.6%, and it has remained below 45% after 12 months of phlebotomies

with continued treatment with infliximab.

Polycythemia is suspected in men when hematocrit rises above 52% or

hemoglobin concentration above 18.5 g/dl; the corresponding values for

women are > 48% hematocrit or > 16.5 g/dl hemoglobin. Polycythemia can

be classified as primary or secondary. Elevated levels of erythropoietin are

observed in secondary polycythemia. Most often, this is a response to

hypoxia, but can also result from an erythropoietin-secreting tumor.

Evidence has suggested that smoking tobacco results in higher red cell

mass or decreased plasma volume caused by high carboxyhemoglobin

 levels2. Since our patient had normal levels of erythropoietin, secondary

polycythemia was an unlikely diagnosis.

A Janus kinase 2 gene (JAK2) encodes a cellular tyrosine kinase crucial

to cell signaling for erythropoiesis as well as other myeloproliferative

processes. The JAK2 protein requires erythropoietin molecules to dimerize

and signal erythroid precursor cells, on which JAK2 lies, to go forward

with erythrocyte production3. It has been found that JAK2 mutations,

specifically JAK2 V617F exon 14 mutation that replaces a phenylalanine

for a valine at position 617, permit the JAK2 protein to malfunction. This

mutation acquired after birth results in JAK2 proteins that do not require

erythropoietin to signal red cell production; thus, JAK2 mutations allow

erythropoiesis to proceed unchecked. This mutation is associated with 95%

of patients with polycythemia vera3,4,5,6,7. Other molecular alterations

located on JAK2 exon 12 have been described in 50%–80% of the JAK2

wild-type polycythemia vera8. Our patient tested negative for both the

mutations on JAK2 exon 12 and exon 14.

Infliximab is a chimeric IgG1k monoclonal antibody targeted against

tumor necrosis factor-a (TNF-a). It is now used in the treatment of various

inflammatory diseases including AS1, rheumatoid arthritis (RA), ulcerative

colitis, Crohn’s disease, psoriasis, and psoriatic arthritis. Hematologic

dyscrasias associated with infliximab toxicity include leukopenia, neu-

tropenia, thrombocytopenia, and pancytopenia. Centocor, the manufactur-

er and distributor of infliximab in the United States, was contacted and

there were no reports of erythrocytosis, polycythemia, myelofibrosis, or

elevated red blood cell count in their research or postmarketing database.

We suggest a possible mechanism through which infliximab could

cause erythrocytosis based on a review of the literature (Figure 1). There is

increasing evidence that cytokines such as TNF-a, interleukin 1 (IL-1), 

IL-6, and interferon-g are involved in inflammatory diseases. TNF-a has 2

opposing destructive and protective functions on a cell. TNF binds to 2

cell-surface receptors (TNFRI and TNFRII) located on hematopoietic cells,

as well as on many other cells. After binding, TNFRI mediates the destruc-

tive effect of TNF-a through activation of a cascade leading to cell death.

It also mediates cell protection through a pathway involving nuclear fac-

tor-kB (NF-kB). TNFRII (which lacks a death domain) interacts with TNF

receptor-associated factor 2 (TRAF-2). TRAF2 activates both NF-kB and

JNK, mediating an anti-apoptotic effect (Figure 1). Bone marrow of

patients with RA shows significant increase in TNFRI and a mild increase

in TNFRII. TNF specifically inhibits macrophage iron release and as well

inhibits the formation of early red cell colonies in bone marrow9. In addi-

tion it has a key role in inducing and sustaining tissue damage by activat-

ing the inflammatory cascades as well as stimulating angiogenesis. Bone

marrow of patients with RA shows significant increases in TNFRI and mild

increases in TNFRII that can cause angiogenesis10,11 (Figure 1). Details of

this proposed mechanism remain to be determined.

Studies in RA show that there is increased production of TNF-a in the

bone marrow that leads to anemia of chronic disease because of apoptotic

deletion of hematopoietic progenitor cells, or by stimulating production of

inhibitory cytokines by bone marrow accessory cells11. Therapy with

infliximab improves manifestations of RA as well as the anemia of chron-

ic disease by significantly increasing the hemoglobin level even while

patients are receiving methotrexate12. Dose-related improvements in ane-

mia have been noted upon anti-TNF therapy in patients with RA; these

findings suggest that TNF-a has an effect on erythroid development12,13.

Similarly, it has been reported that patients with myelodysplastic syn-

dromes (MDS) have increased TNF-a expression in bone marrow progen-

itor cells; erythropoiesis is downregulated in these patients14. A study has

shown that patients with MDS treated with infliximab may experience an

increase in hemoglobin14. It may be that when TNF-a expression in the

bone marrow is suppressed, an erythrocytosis may ensue, as in our patient.

It has been documented in patients with AS that anemia of chronic disease

improves from baseline with infliximab15. But ours is the first report of a

patient with AS that developed erythrocytosis on treatment with inflix-

imab. We found no published reports of secondary erythrocytosis in

patients with other diseases treated with infliximab.

It is important to recognize the consequences of erythrocytosis left

untreated. In a study of polycythemia vera, the incidence of vascular

thromboses was found to be 41% (over 20 years) and the overall mortality

was 2.9% per year16. The recommendation for secondary erythrocytosis is

phlebotomy to reduce the hematocrit to 45% if hematocrit is > 54%17. The

European Collaboration on Low-dose Aspirin in polycythemia vera

(ECLAP) study established the therapeutic benefit of aspirin in poly-

cythemia vera18, which significantly reduced the risk of nonfatal throm-

boembolic events or death from cardiovascular causes.

Our case experience supports a possible association between infliximab

therapy and secondary erythrocytosis, and we propose a mechanism of

such an association. It is important that rheumatologists and hematologists

recognize this association in order to identify this potentially detrimental

effect and initiate appropriate treatment.
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