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CLINICAL VIGNETTE

Are We Harming Cancer Patients When We Use
Erythropoiesis Stimulating Agents (Esas)?

Alexander Black, M.D.

Anemia is common in patients with cancer. Anemia
can cause increased fatigue and decreased exercise
tolerance impairing functional status. In addition,
anemia is associated with poorer outcomes in cancer
patients, including decreased survival'. Interventions
to ameliorate anemia might lead both to improved
patient quality of life (QoL) and perhaps better
disease outcomes.

Erythropoietin (epo) is the main physiologic growth
factor for red blood cell (RBC) production. Since epo
is primarily produced by the kidneys, patients with
severe chronic kidney disease (CKD) and end stage
renal disease (ESRD) almost universally develop
moderate to severe anemia. In patients with CKD
and ESRD, levels of epo rise significantly as the
hemoglobin (Hb) drops below 102 After the cloning
of epo and the clinical development of epoetin alfa
(epo-A), the first ESA, there was an explosion of pre-
clinical and clinical studies. In the laboratory, epo
signaling through the erythropoietin receptor (epo-R)
has been shown to stimulate gene expression
involved in a variety of processes beyond
erythropoiesis, including increased angiogenesis and
glycolysis®. Epo-A was initially used in patients with
ESRD. Early success in improving anemia in dialysis
patients led to rapid testing in several other patient
populations, including patients with CKD and
patients with cancer undergoing myelosuppressive
chemotherapy (CT) or radiation therapy (RT)
treatment. Darbopoietin alfa (darbo), a new molecule
with 5 different amino acids than epo and a 3-fold
longer in vivo half life which signaled through the
epo-R, was developed subsequently and shown to
ha3ve similar pre-clinical and clinical effects to epo-
A,

A meta-analysis of 57 studies involving over 9000
patients showed both ESAs reproducibly increased
Hb and decreased the number of RBC transfusions in
cancer patients receiving CT, with a relative risk
(RR) of transfusion of 0.64*. An early study of QoL
in lung cancer patients demonstrated improved QoL
as Hb was increased from less than 10 up to 13°.
Subsequent studies in cancer patients with CT-
induced anemia showed improved QoL, using

multiple questionnaires, with Hb increases up to 13°.
However, the Federal Drug Agency (FDA) approval
of both ESAs in cancer patients receiving
myelosuppressive CT was only based on reduction in
transfusions, since there was no FDA-approved
measure of QoL specific to anemia. Given the
efficacy of ESAs in ameliorating anemia and
preclinical models using either ESA suggesting that
increasing Hb might improve cancer outcomes in
patients receiving CT or RT’, several studies were
initiated in the late 1990s in cancer patients
undergoing CT or RT to determine whether clinical
outcomes could be improved by normalizing Hb.

By the late 1990s, approximately 10 years into the
rapidly expanding clinical use of ESAs, adverse
events had been described in ESRD patients®.
Specifically, 1231 ESRD patients with either
congestive heart failure (CHF) or ischemic heart
disease (IHD) were randomized to receive epo
targeting either an hct of 30 or 428, The study was
stopped early because a trend toward increased death
and non-fatal myocardial infarction (MI), with a RR
of 1.3 of either outcome, was observed in the high hct
group®. In addition, ESA treatment was associated
with an increased risk of venous thromboembolic
events (VTEs), with more recent meta-analyses
showing a RR of VTE of 1.57 with ESA treatment’.

These adverse events did not initially affect the use of
ESAs in oncology. However, by the mid-2000s,
several studies demonstrated inferior progression free
survival (PFS) and overall survival (OS) in cancer
patients undergoing CT or RT who received ESA
treatment® > . For example in an RT study with
progression free survival (PFS) as the primary
endpoint, 351 patients with locally advanced head
and neck cancer with any degree of anemia (Hb < 13
in men and Hb < 12 in women) were treated with RT
to a standard 60 Gray and were randomized to
receive epo or placebo, with epo initiated before and
continuing through RT targeting a Hb of 14-15%
The epo-treated patients achieved the desired Hb
target but, unexpectedly, had a statistically
significantly poorer loco-regional PFS, with a RR or
1.62 for progression with epo, and poorer OS, with a



RR of 1.39 of dying with epo®™. In an early-reporting
CT study with overall survival (OS) as the primary
outcome, 939 patients with metastatic breast cancer
and good performance status were treated with
investigator choice of first line CT and were
randomized to either weekly epo treatment targeting
a Hb of 12 — 14 or placebo™. The study was halted
early due to an interim analysis showing increased
cancer progression and VTEs during the first 4
months of epo treatment’®. The 1-year survival was
70 % with epo-treated patients and 76 % with
placebo patients, representing a RR of dying of 1.37
with epo treatment™. While each study can be
criticized for some imbalances in pre-treatment
patient prognostic factors and the specific RT or CT
delivered that may have favored the placebo arms,
both studies were relatively large and had pre-
specified survival endpoints with statistically
significant differences.

Two large meta-analyses of randomized clinical trials
(RCT) of ESASs in cancer patients receiving CT or RT
have recently been published™® . In aggregate, the
RR of dying with ESA therapy was 1.04 to 1.06,
which was not statistically significant in either
study’® ™. In the most recent study involving 60
clinical trials and 15,323 patients, subset analyses
suggested that poorer outcomes were more common
if ESAs were initiated with a Hb > 12 or targeted a
Hb > 13", A table summarizing the 4 RT and 21 CT
trials included in the most recent meta-analysis* is
available in a 2012 UpToDate summary article™.
While poorer survival with ESA treatment in cancer
patients receiving CT or RT has not been consistently
observed, the current data clearly shows an increased
risk of VTE and a disturbing trend in tumor
progression and survival, particularly when ESAs are
initiated at higher Hb or are targeting higher Hb.

As the studies of ESASs in cancer patients undergoing
CT or RT were maturing, darbo was being tested in
advanced cancer patients off therapy to determine
whether anemia would be improved and transfusions
decreased by darbo treatment. 989 patients with
advanced cancer and anemia (Hb < 11) were
randomized to either darbopoietin or placebo for a 16
week treatment with a target Hb of 12 and
withholding darbo at a Hb > 13", Unexpectedly, the
trend towards higher Hb and lower RBC transfusions
was not statistically significant with darbo ((p =
0.07); 15). In contrast, there was a statistically
significantly increased cancer progression at 16
weeks (22 vs. 16%) and decreased OS with darbo ,
resulting in a RR of dying of 1.22 and a median
survival of 37 weeks with darbo as opposed to 47
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weeks with placebo®. Poorer survival was seen
despite avoiding higher Hb initiation or Hb targets
with ESA treatment, with the mean achieved Hb of
10.5 with darbo™.

These studies elicited a dramatic response by the
FDA and professional cancer specialty societies.
Severe restrictions were imposed on the use of ESAs
in oncology. A formal Risk Management and
Mitigation ~ Strategies (REMS) process was
introduced in 2010. Current FDA guidelines include:
1. ESAs could only be used in patients with cancer
who are receiving myelosuppressive CT. 2. ESAs
should only be started when the Hb < 10. 3. ESA use
should target the lowest Hb level to avoid
transfusions. 4. ESAs should not be given with a Hb
of 12 or higher. 5. ESAs should be avoided if the
goal of treatment is cure. 6. All patients must
complete a documented informed consent before
receiving ESAs, called APPRISE (Assisting
Providers and cancer Patients with Risk Information
for the Safe use of Erythropoiesis stimulating agents),
which describes the poorer cancer outcomes and VTE
risks™. While the main impetus to the restrictions in
ESA use were driven by patient safety concerns, the
FDA likely also appreciated that ESAs were a strictly
supportive care intervention and that the annual cost
of ESA in the United States exceeded $10 billion in
2006Y. In addition, there is no direct evidence
supporting points 2 and 4, since no studies
specifically compared different initiation and
stopping Hb targets with ESA therapy. Point 3 is
nebulous, but allows the oncologist to determine the
target Hb, which reliably avoids transfusions. While a
few studies in locally advanced but potentially
curable cancers demonstrated inferior disease free
survival’® ™, the meta-analyses do not demonstrate a
statistically significant inferior survival, so point 5 is
also questionable.

No convincing explanation has emerged for the
poorer outcomes seen with several ESA studies in
cancer patients. The increased risk of VTESs, while
consistent across studies, is relatively modest, with a
RR of VTE of 1.7°, and VTEs would not explain
increased cancer progression.  In vitro studies
demonstrate epo-R expression in non-hematopoietic
tissues, including cancer cell lines and tumor
explants®. This suggests possible direct ESA
stimulation, through cancer cell epo-Rs, of genes
leading to increased cancer cell survival and
proliferation. However, the evidence for epo-R on
cancer cells is debatable, given the poor specificity of
the anti-epo-R antibody used in most studies*’, and
biological responses of cancer cells to epo in vitro



require supraphysiologic concentrations of ESAS.
ESA treatment might induce endothelial cell and
platelet activation and even stimulate angiogenesis
and revascularization of cancers, but evidence
supporting these mechanisms is limited?.

Clearly the saga of ESA use in cancer patients
presents a cautionary tale for both oncologists and the
pharmaceutical industry. Attempts to normalize Hb
during RT and CT treatment with ESAs, which could
potentially lead to increased usage and sales, appear
to have exceeded the Hb level at which patient QoL
and ultimate cancer outcomes with therapy are
optimized. In addition, less toxicity and risk are
acceptable with a purely supportive care intervention,
like ESAs, as opposed to CT or RT, which must be
shown to improve clinically meaningful cancer
outcomes. While the current FDA limits on ESA
usage in cancer patients are debatable, a REMS
strategy involving both informed consent and
restrictions in the use of ESAs, is reasonable.

REFERENCES

1. Caro JJ, Salas M, Ward A, Goss G. Anemia as an
independent prognostic factor for survival in patients with
cancer: a systemic, quantitative review. Cancer. 2001 Jun
15;91(12):2214-21. PubMed PMID: 11413508.

2. Hadland BK, Longmore GD. Erythroid-stimulating agents
in cancer therapy: potential dangers and biologic
mechanisms. J Clin Oncol. 2009 Sep 1;27(25):4217-26. doi:
10.1200/JC0.2008.21.6945. Epub 2009 Jul 27. Review.
PubMed PMID: 19636005.

3. 20030125 Study Group Trial, Glaspy J, Vadhan-Raj S,
Patel R, Bosserman L, Hu E, Lloyd RE, Boccia RV,
Tomita D, Rossi G. Randomized comparison of every-2-
week darbepoetin alfa and weekly epoetin alfa for the
treatment of chemotherapy-induced anemia: the 20030125
Study Group Trial. J Clin Oncol. 2006 May
20;24(15):2290-7. PubMed PMID: 16710026.

4. Bohlius J, Wilson J, Seidenfeld J, Piper M, Schwarzer
G, Sandercock J, Trelle S, Weingart O, Bayliss S,
Djulbegovic B, Bennett CL, Langensiepen S, Hyde C,
Engert A. Recombinant human erythropoietins and cancer
patients: updated meta-analysis of 57 studies including
9353 patients. J Natl Cancer Inst. 2006 May 17;98(10):708-
14. Review. PubMed PMID: 16705125.

5. Crawford J, Demetri GD, Gabrilove JL, Blasi MV,
Sarokhan BJ, Glaspy J. Clinical benefits of epoetin alfa
therapy in patients with lung cancer. Clin Lung Cancer.
2002 Feb;3(3):180-90. PubMed PMID: 14662041.

6. Esquerdo G, Llorca C, Cervera JM, Orts D, Juarez A,
Carrato A. Effectiveness of darbepoetin alfa in a cohort of
oncology patients with chemotherapy-induced anaemia.
Relationship between variation in three fatigue-specific
quality of life questionnaire scores and change in
haemoglobin  level.  Clin  Transl  Oncol. 2011
May;13(5):341-7. doi: 10.1007/s12094-011-0664-3.
PubMed PMID: 21596663.

7. Thews O, Koenig R, Kelleher DK, Kutzner J, Vaupel P.
Enhanced radiosensitivity in experimental tumours

10.

11.

12.

13.

14.

15.

16.

Proceedings of UCLA Healthcare
-VOLUME 17 (2013)-

following erythropoietin treatment of chemotherapy-
induced anaemia. Br J Cancer. 1998 Sep;78(6):752-6.
PubMed PMID: 9743294; PubMed Central PMCID:
PMC2062974.

Besarab A, Bolton WK, Browne JK, Egrie JC,
Nissenson AR, Okamoto DM, Schwab SJ, Goodkin DA.
The effects of normal as compared with low hematocrit
values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N Engl J Med. 1998 Aug
27;339(9):584-90. PubMed PMID: 9718377.

Bennett CL, Silver SM, Djulbegovic B, Samaras AT,
Blau CA, Gleason KJ, Barnato SE, Elverman KM,
Courtney DM, McKoy JM, Edwards BJ, Tigue CC,
Raisch DW, Yarnold PR, Dorr DA, Kuzel TM, Tallman
MS, Trifilio SM, West DP, Lai SY, Henke M. Venous
thromboembolism and  mortality  associated  with
recombinant erythropoietin and darbepoetin administration
for the treatment of cancer-associated anemia. JAMA. 2008
Feb  27;299(8):914-24. doi: 10.1001/jama.299.8.914.
Review. PubMed PMID:18314434.

Bohlius J, Schmidlin K, Brillant C, Schwarzer G, Trelle
S, Seidenfeld J, Zwahlen M, Clarke M, Weingart O,
Kluge S, Piper M, Rades D, Steensma DP, Djulbegovic
B, Fey MF, Ray-Coquard I, Machtay M, Moebus V,
Thomas G, Untch M, Schumacher M, Egger M, Engert
A. Recombinant human erythropoiesis-stimulating agents
and mortality in patients with cancer: a meta-analysis of
randomized trials. Lancet. 2009 May 2;373(9674):1532-42.
doi: 10.1016/S0140-6736(09)60502-X. Erratum in: Lancet.
2009 Jul 4-2009 Jul 10;374(9683):28. PubMed PMID:
19410717.

Glaspy J, Crawford J, Vansteenkiste J, Henry D, Rao S,
Bowers P, Berlin JA, Tomita D, Bridges K, Ludwig H.
Erythropoiesis-stimulating agents in oncology: a study-level
meta-analysis of survival and other safety outcomes. Br J
Cancer. 2010 Jan 19;102(2):301-15. doi:
10.1038/sj.bjc.6605498. Epub 2010 Jan 5. PubMed PMID:
20051958; PubMed Central PMCID: PMC2816662.

Henke M, Laszig R, Rube C, Schéafer U, Haase KD,
Schilcher B, Mose S, Beer KT, Burger U, Dougherty C,
Frommhold H. Erythropoietin to treat head and neck
cancer patients with anaemia undergoing radiotherapy:
randomised, double-blind, placebo-controlled trial. Lancet.
2003 Oct 18;362(9392):1255-60. PubMed PMID:
14575968.

Leyland-Jones B, Semiglazov V, Pawlicki M,
Pienkowski T, Tjulandin S, Manikhas G, Makhson A,
Roth A, Dodwell D, Baselga J, Biakhov M, Valuckas K,
Voznyi E, Liu X, Vercammen E. Maintaining normal
hemoglobin levels with epoetin alfa in mainly nonanemic
patients with metastatic breast cancer receiving first-line
chemotherapy: a survival study. J Clin Oncol. 2005 Sep
1;23(25):5960-72. Epub 2005 Aug 8. PubMed PMID:
16087945.

Schrier SL, Steensma DP, Loprinzi CP. Role of
erytrhopoiesis stimulating agents in the treatment of anemia
in patients with cancer. 2012 UpToDate
(www.uptodate.com). Wolters Kluwer.

Smith RE Jr, Aapro MS, Ludwig H, Pintér T, Smakal
M, Ciuleanu TE, Chen L, Lillie T, Glaspy JA.
Darbepoetin alpha for the treatment of anemia in patients
with active cancer not receiving chemotherapy or
radiotherapy: results of a phase Ill, multicenter,
randomized, double-blind, placebo-controlled study. J Clin
Oncol. 2008 Mar 1;26(7):1040-50. doi:
10.1200/JC0O.2007.14.2885. Epub 2008 Jan 28. PubMed
PMID: 18227526.

Rizzo JD, Brouwers M, Hurley P, Seidenfeld J, Arcasoy
MO, Spivak JL, Bennett CL, Bohlius J, Evanchuk D,



17.

Goode MJ, Jakubowski AA, Regan DH, Somerfield MR;
American Society of Clinical Oncology; American Society
of Hematology. American Society of Clinical
Oncology/American  Society of Hematology clinical
practice guideline update on the use of epoetin and
darbepoetin in adult patients with cancer. J Clin Oncol.
2010 Nov 20;28(33):4996-5010.
doi:10.1200/JC0.2010.29.2201. Epub 2010 Oct 25.
Review. PubMed PMID: 20975064.

Daniel G, Hurley D, Whyte JL, Willey V, Wilson M,
Kallich J. Use and cost of erythropoiesis-stimulating agents
in patients with cancer. Curr Med Res Opin. 2009
Jul;25(7):1775-84.  doi:  10.1185/03007990903001150.
PubMed PMID: 19505205.

Submitted on November 2, 2012

Proceedings of UCLA Healthcare
-VOLUME 17 (2013)-



