
peripheral blood g-globin to b-globin messenger RNA was 0.89
(range, 0.34-1.4).

Vorinostat was well tolerated at the doses tested. Vorinostat
toxicity (fatigue, abdominal pain) was mild to moderate, with the
exception of pain, indistinguishable from sickle pain in 3 patients and
headaches in 1 patient. With intermittent dosing, we were able to
prevent thrombocytopenia, a common effect of vorinostat use
in malignancy. However, it is unclear whether sufficient doses
were used in this study because neither thrombocytopenia nor
a convincing induction of HbF was produced.

We have demonstrated the safety and tolerability of an oral pan-
HDAC inhibitor, vorinostat, in 5 patients with SCD, with minimal
adverse events. Future studies with vorinostat should employ higher
cumulative weekly doses, probably marked by induction of relative
thrombocytopenia. Potentially more promising is the potential of
using HDAC1 andHDAC2 selective agents that wouldmediate HbF
induction6 (with tolerability that allows more robust dosing) and
using combinations of HDAC inhibitors with hydroxyurea.

Maureen M. Okam

Division of Hematology, Brigham and Women’s Hospital,

Boston, MA

Department of Medical Oncology, Dana-Farber Cancer Institute,

Boston, MA

Erica B. Esrick

Division of Hematology/Oncology, Boston Children’s Hospital,

Boston, MA

Elyse Mandell

Division of Hematology, Brigham and Women’s Hospital,

Boston, MA

Federico Campigotto

Department of Biostatistics and Computational Biology,

Dana-Farber Cancer Institute,

Boston, MA

Donna S. Neuberg

Department of Biostatistics and Computational Biology,

Dana-Farber Cancer Institute,

Boston, MA

Department of Biostatistics, Harvard T. H. Chan School of Public Health,

Boston, MA

Benjamin L. Ebert

Division of Hematology, Brigham and Women’s Hospital,

Boston, MA

Department of Medical Oncology, Dana-Farber Cancer Institute,

Boston, MA

Acknowledgments: The authors thank Drs David C. Fisher and Matthew

Heeney for their monitoring the safety of this trial.

This work was funded by research funding from a Doris Duke Charitable

Foundation Innovations in Clinical Research award (B.L.E. and M.M.O.) and

a K12 Harvard Blood Scholars award (5K12HL087164-03) (M.M.O.).

Contributors:M.M.O., D.S.N., and B.L.E designed the trial; M.M.O. and E.M.

conducted the trial; E.B.E. performed the experiments; M.M.O., E.B.E., E.M.,

F.C., D.S.N., and B.L.E. analyzed the results; andM.M.O., E.B.E., F.C., D.S.N.,

and B.L.E. wrote the letter.

Conflict-of-interest disclosure: The authors declare no competing financial

interests.

Correspondence:Maureen M. Okam, Division of Hematology, Brigham and

Women’s Hospital, 75 Francis St, Mid campus 3, Boston MA 02115; e-mail:

mokam@partners.org.

References

1. Brousseau DC, Panepinto JA, Nimmer M, Hoffmann RG. The number of people
with sickle-cell disease in the United States: national and state estimates. Am J
Hematol. 2010;85(1):77-78.

2. Akinsheye I, Alsultan A, Solovieff N, et al. Fetal hemoglobin in sickle cell
anemia. Blood. 2011;118(1):19-27.

3. Charache S, Terrin ML, Moore RD, et al; Investigators of the Multicenter
Study of Hydroxyurea in Sickle Cell Anemia. Effect of hydroxyurea on the
frequency of painful crises in sickle cell anemia. N Engl J Med. 1995;332(20):
1317-1322.

4. Wang WC, Ware RE, Miller ST, et al; BABY HUG investigators.
Hydroxycarbamide in very young children with sickle-cell anaemia: a multicentre,
randomised, controlled trial (BABY HUG). Lancet. 2011;377(9778):
1663-1672.

5. Cao H, Stamatoyannopoulos G, Jung M. Induction of human gamma globin
gene expression by histone deacetylase inhibitors. Blood. 2004;103(2):
701-709.

6. Bradner JE, Mak R, Tanguturi SK, et al. Chemical genetic strategy identifies
histone deacetylase 1 (HDAC1) and HDAC2 as therapeutic targets in sickle cell
disease. Proc Natl Acad Sci USA. 2010;107(28):12617-12622.

7. Selby R, Nisbet-Brown E, Basran RK, Chang L, Olivieri NF. Valproic acid and
augmentation of fetal hemoglobin in individuals with and without sickle cell
disease. Blood. 1997;90(2):891-893.

8. Perrine SP, Ginder GD, Faller DV, et al. A short-term trial of butyrate to
stimulate fetal-globin-gene expression in the beta-globin disorders. N Engl J
Med. 1993;328(2):81-86.

9. Dover GJ, Brusilow S, Charache S. Induction of fetal hemoglobin production in
subjects with sickle cell anemia by oral sodium phenylbutyrate. Blood. 1994;
84(1):339-343.

10. Atweh GF, Sutton M, Nassif I, et al. Sustained induction of fetal hemoglobin by
pulse butyrate therapy in sickle cell disease. Blood. 1999;93(6):1790-1797.

© 2015 by The American Society of Hematology

To the editor:

Serum hepcidin levels predict response to intravenous iron and darbepoetin in
chemotherapy-associated anemia

Patients undergoing chemotherapy for cancer frequently experience
anemia, which may require red blood cell (RBC) transfusions.1 The
erythropoiesis-stimulating agents (ESAs) epoetin and darbepoetin
reduce transfusion needs and increase hemoglobin levels in 40% to
70% of patients with chemotherapy-associated anemia (CAA) and
are approved by the Food and Drug Administration for CAA.2

In renal anemia, iron deficiency is the most common cause of
suboptimal ESA response, and iron deficiencymay also contribute to
ESA nonresponse in other subsets of patients.3,4 Even patients with
normal or elevated total-body iron stores may have diminished iron

available to developing erythroid cells (“functional iron deficiency”)
as a result of tumor-associated inflammation and macrophage se-
questration of iron.5 IV iron may provide bioavailable iron and
augment response to ESA therapy in both functional and total iron
deficiency states.6

At least 11 prospective trials have shown benefit from IV iron in
combinationwith anESA for patientswithCAA, but one studydid not
show benefit.7 The sole trial that failed to reach its primary end point—
the largest IV iron trial inCAAconducted to date—was a randomized
multicenter study (MC04CC, clinicaltrials.gov #NCT00661999) of
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darbepoetin alfa (DA) combined with either IV ferric gluconate, oral
ferrous sulfate, or no iron supplementation in 502 patients with
CAA.8 In MC04CC, ferric gluconate was administered at a dose of
187.5mg every 3weeks (5 total doses, 937.5mg cumulative iron dose).

The peptide hepcidin regulates systemic iron homeostasis and
might serve as a biomarker for patients more likely to benefit from IV
iron.9 In iron-deficient states, serum hepcidin levels are usually low,
whereas in iron overload or inflammation, hepcidin levels are high,
decreasing bioavailable iron and sequestering iron in macrophages
and hepatocytes. High serum hepcidin levels can make oral iron in-
effective by decreasing gut iron absorption.

The relationship between hepcidin and response to ESAs and oral
or IV iron therapy has not been systematically studied in patientswith
CAA. To better understand relationships between hepcidin and treat-
ment outcomes in CAA and gain additional insight into MC04CC
trial results, hepcidin levels were assessed in MC04CC-enrolled pa-
tients in a preplanned analysis.

Serum hepcidin concentration was measured in pretreatment
samples from 405 (83%) of 489 eligible patients using a quantitative
mass spectrometry–based method described elsewhere.10 Hepcidin
was analyzed both as a continuous variable and divided into tertiles,
and hepcidin levels were comparedwith hemoglobin and transfusion
responses, patient characteristics including other iron parameters
(eg, ferritin, transferrin saturation), and treatment-emergent adverse
events. Descriptive statistics were used to compare hepcidin levels in
responding vs nonresponding patients. All tests were 2-sided, with
type I error rates of .05. SAS software (version 9; SAS Institute, Cary,
NC) was used for analyses.

Study participants with serum hepcidin levels in the lower two
tertiles experienced a better clinical response to DA plus higher
doses of IV iron than patients with lower hepcidin levels who did
not receive higher-dose IV iron (Table 1). The 47 patients who re-
ceived 4 or 5 doses of IV iron and had lower serum hepcidin levels
did not require any RBC transfusions, compared with the 14%
transfusion rate for the remaining study population (P 5 .0065), a
transfusion rate comparablewith other IV iron studies.Amongpatients

with higher serum hepcidin, IV iron offered no benefit compared with
oral iron or placebo. These relationships persisted when hepcidin was
analyzed as a continuous variable. No correlation was observed be-
tween hepcidin and serum ferritin, transferrin saturation, or adverse
events. PretreatmentC-reactive protein,whichwas also assessed dur-
ing this study, did not predict response to therapy.

Low serumhepcidin levelsmay characterize iron-deficient patients
more likely to benefit from intensive iron supplementation.11 Higher
hepcidin levels would be expected in patients with extensive tumor-
associated inflammation, and the failure of IV iron to augment eryth-
ropoiesis in this subgroup casts doubts on whether IV iron alone can
routinely overcome functional iron deficiency in patients with anemia
of inflammation. However, the influence of hepcidin on response to
ESA therapy is likely complex, involving factors other than iron. For
instance, hepcidin biosynthesis in the liver is downregulated by ex-
pansion of erythropoiesis and may also be directly modulated by
erythropoietin, and therefore may change during ESA treatment.12,13

In the future, modulation of hepcidin levels via an antihepcidin
l-oligoribonucleotide or other strategies may improve treatment of
inflammation-associated anemia.14

ESAs are costly, and serious concerns about ESA safety in CAA
have emerged in the last decade. Maximizing hemoglobin response
while minimizing administered ESA dose is an attractive goal of IV
iron. Serum hepcidin measurement may help predict the response to
ESAs and supplemental iron. Analysis of hepcidin levels in other
CAA data sets will be informative.
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Table 1. Comparison of hemoglobin and transfusion end points by serum hepcidin subgroup and treatment assignment

DA 1 placebo DA 1 oral iron

DA 1 IV iron
(pts receiving

<4 doses IV iron)

DA 1 IV iron (pts
receiving 4 or 5
doses IV iron)

P for comparison of
4 or 5 dose IV iron
group with non-IV

iron groups

P for comparison
of 4 or 5 dose IV
iron group with
all other groups

P for comparison of
any IV iron (including
<4 doses) with non-IV

iron groups

Proportion of patients who achieved a protocol-defined hemoglobin response

Total 106/163 (65%) 109/163 (67%) 40/71 (56%) 74/92 (80%) .0079 .0028 .23

Hepcidin 1st tertile

(#20.2 ng/mL)

30/47 (64%) 26/41 (63%) 12/20 (60%) 24/26 (92%) .0050 .0038 .083

Hepcidin 2nd tertile

(.20.2-64.3 ng/mL)

36/53 (68%) 32/53 (60%) 6/11 (55%) 20/21 (95%) .0048 .0018 .069

Hepcidin 3rd tertile

(.64.3 ng/mL)

23/36 (64%) 29/37 (78%) 14/24 (58%) 25/36 (69%) .99 .88 .44

Hepcidin missing 17/27 (63%) 22/32 (69%) 8/16 (50%) 5/9 (56%) .68 .54 .22

Proportion of patients who required RBC transfusion

Total 22/163 (13%) 21/163 (13%) 12/71 (17%) 8/92 (9%) .25 .12 .79

Hepcidin 1st tertile 6/47 (13%) 4/41 (10%) 2/20 (10%) 0/26 (0%) .072 .073 .18

Hepcidin 2nd tertile 8/53 (15%) 9/53 (17%) 2/11 (18%) 0/21 (0%) .049 .047 .16

Hepcidin 3rd tertile 6/36 (17%) 5/37 (14%) 4/24 (17%) 6/35 (17%) .78 .82 .77

Hepcidin missing 2/27 (7%) 3/32 (9%) 4/16 (25%) 2/9 (22%) .21 .39 .054

Comparison of hemoglobin response and RBC transfusion needs in the MC04CC trial, stratified by serum hepcidin level. MC04CC trial eligibility included hemoglobin

,11.0 g/dL, serum ferritin.20 ng/mL, and transferrin saturation,60%.8 Median transferrin saturation of enrolled patients was 18.5% and median ferritin was 324 ng/mL. The

study’s primary end point was a hemoglobin increment of $2.0 g/dL in the absence of transfusions or achievement of hemoglobin of $12.0 g/dL; transfusion avoidance was

a secondary end point. There was no overall erythropoietic benefit from parenteral iron compared with oral iron or placebo. All P values are for 2-sided x2 test, comparing

within tertile/row.

DA, darbepoetin alfa; pts, patients; RBC, red blood cells.
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