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Abstract

Recombinant human erythropoietin (rHUEpo) has lsenvn to be effective in improving anemia in
a proportion of cancer patients. The response isaggound 60 % but varies considerably according to
baseline hematocrit and transfusion needs, as agethe response criteria used. Response is ndlygrea
influenced by the type of tumor, except in situasicof major marrow involvement and limited residual
hematopoiesis, or in the presence of specific mashes of anemia, such as hemolysis, splenomegaly,
bleeding, hemodilution, or ineffective erythropasesStem cell damage by previous therapy as well as
marrow suppression by current intensive chemotlyerap impair response. Besides its intensity, ype of
chemotherapy may not be critical, although patiemtdergoing platinum-based chemotherapy may respond
faster than those receiving non-platinum regim@unplications such as infections, bleeding or totral
deficiencies may have a major negative impact ottarmae. An important response-limiting factor is
functional iron deficiency, i.e. an imbalance betwearon needs in the erythropoietic marrow and iron
supply, which depends on the level of iron stomas iés rate of mobilization. Functional iron deéocy is
best monitored by the percentage of hypochromicedld, and oral or intravenous iron supplementaikh
be given when this percentage rises above 10 %hédle factors explain why the response rate isalybut
60 %. Therefore, it would be interesting to devetopdels that could help predict response to rHulipo,
order to select the most appropriate cancer patifamntthis therapy. Few baseline parameters haea be
shown to be highly predictive of response in pasiesith solid tumors, although most studies in gt
with myeloma or lymphoma have indicated that pasiemth a low baseline serum Epo level will respond
better. Early changes after 2 to 4 weeks of treatraee also of great interest. Among these eariyghs,
increments of serum transferrin receptor (sTfRjcudocytes and hemoglobin, as well as the penrsistef
elevated ferritin or Epo levels, have all shown egmnedictive value. Combination of baseline serym E

and the 2-week increment of sSTfR or hemoglobin prayide the best prediction of response.



Introduction

Many patients with neoplastic disease develop @neimespective of whether they are suffering
from solid tumors or hematological malignanct&s Clinical studies have shown that recombinant huma
erythropoietin (rHUEpo) therapy can ameliorateahemia associated with cancer and chemotherapyceed
the need for transfusions and possibly improveqtiadity of life®. A decrease in transfusion requirements is
the major objective of rHUEpo therapy, reducing tlst, inconvenience, and potential adverse effetcts
blood transfusions. However, large doses are giyneeguired and many patients do not respond dwen
very high doses of rHUEpo. It is therefore impaottEmbe able to recognize and possibly correct tmmd
adversely affecting response to rHuEpo. When n& gacticular condition can be identified, it wowdtso
be of great interest to have at one’s disposaligied algorithms of response, so that patienty likely to
respond can be selected for therapy and prolongtective use of an expensive medication can bélad

in those patients with a low probability of respens

Mechanisms of the anemia of cancer

The pathogenesis of the anemia of cancer is radltfial*. A number of causes are frequently
present and it is therefore difficult to identifysangle causative factor in individual patientsdRell loss
may result from hypersplenism, blood losses corisecio hemorrhage or iatrogenic phlebotomy, and
autoimmune or microangiopathic hemolysis. Red petiduction may be diminished by bone marrow
infiltration, marrow necrosis, hemophagocytosis etafibrosis, deficiency of erythropoietic cofactdfslic
acid, vitamin B12, iron), or infections. These mauisms of anemia are much more prevalent in
hematologic malignancies, but it is always impadrtdn identify them because specific therapeutic

intervention can often be effective.



However, the so-called « anemia of chronic disaedgACD) has been found to play a major role in
the pathogenesis of cancer-associated anemia. AC[Zharacterized by inadequate production of
erythropoietin, inhibition of the proliferation oérythroid progenitor cells in the bone marrow and
disturbances of iron utilization In cancer patients, a number of immunomodulapaptides (cytokines),
such as interleukin-1 and tumor necrosis facta,paoduced and released by macrophages and ofler ce
and appear to be involved in the pathogenesis d AC

Anemia in cancer patients can also be causedgraegted by therapy with antineoplastic agents. In
particular, treatment with platinum, but not witther chemotherapeutic agents, has been associgted w

impairment of erythropoietin productidn

Design of therapy

The rate of response to rHUEpo in patients witiceavary widely among published studies. This is
due in part to differences in disease- and treatmelated factors, but this also reflects largéedences in
dose, frequency and route of administration, danatf therapy and the response criteria used. Tiseae
clear dose-response effect with rHUEpo and moslietun cancer patients have used doses in the i@ng
300-900 U/kg/wk, well above those given to rendlufa patients. The more convenient subcutaneoui® ro
of administration has been shown to ensure morerdéle pharmacokinetidsthat translates into higher
efficacy® in renal failure patients. Most trials administeréluEpo thrice weekly, a schedule demonstrated
to be more efficient than daily injections in notrsabjects'®, but it remains to be shown whether weekly
injections are as effective. The duration of treaitis of critical importance. Whereas there was no
significant difference in the rate of transfusidneween placebo and rHuEpo-treated patients dthmmdjrst
month of therapy, the difference became highlyificant during the second and third months of tresit

*. This is due to the fact that expansion of theheopoietic marrow in response to rHUEpo is verudgal



and achieves maximum activity only after severakkseof treatment’. The response rate can thus be
further improved when patients are treated for Giti® or moré?.

The criteria used for defining response are detent in the final evaluation of efficacy. It is
obvious that trials employing less stringent resgomwriteria will report better outcome. The patent
hematologic parameters at baseline are also ofriapee. Patients with more severe anemia and nem@sn
for transfusion probably have a lower probabilifyaghieving a target hematocrit. Pretreatment heant
was an important factor when rHUEpo was given fier irevention of anemid but no longer when it was
given after anemia was well establisHédThis has been very well illustrated in animald#s in which
rHUEpo was much more "efficient” when it was staiefore the administration of 5-FU because it doul
then increase the hematocrit better while myelosgsion was not yet occurrifd. Uniform response
criteria can thus be proposed for transfused atrnsfused, severely or not severely anemic cgrat@nts
(table 1). Complete response is defined by norattin of the hematocrit, major response by theiabol
of transfusion needand an hematocrit increment greater than 6 percemagesand achievement of an
hematocrit higher than 30 %, while minor responsgesponds to only one of the two last criteriaaor
reduction of transfusion requirements by at le&s®& When rHUEpo is given to prevent anemia during
chemotherapy, complete response can be definedabytenance of a normal hematocrit, major respogse b
a drop of the hematocrit by less than 6 percenpaggs, and minor response by a larger drop in heonia

but without need for transfusion.

Factors influencing response

It is thus clear that a number of disease- anatrtrent- related factors may influence response to

rHUEpo. Except when there is major invasion by earmells and limited residual normal hematopoiesis,
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marrow involvement by the tumor does not appednti the efficacy of rHUEp The type of tumor has

generally not influenced the response rate, pravitiat no other specific mechanism of anemia isak.



Patients with multiple myeloma or low grade lympleorapparently have similar response rate¥
Although there were no apparent differences betweematologic and non-hematologic malignancies é th
largest study publishey there has been a suggestion that patients withsbror colon cancéf but not
those with squamous cell carcinoManay respond less well than patients with myeloma.

Stem cell damage by previous chemotherapy shandiderably interfere with response to rHUEpo,
but curiously this has not been studied so far. éles, the poorer response obtained in patients lawtier
platelet counts may in fact just indicate that® For patients treated concomitantly with chemathgr
there is no marked difference between those rewgiplatinum-based regimeri$?* and those receiving
other forms of chemotheragy'®?® In the largest study publishéd patients receiving platinum-based
chemotherapy responded more rapidly than thoséviegeother combinations but the overall resporege r
was similar in the 2 groups. However, dose intgrsithe two forms of chemotherapy was not asseasdd
it is therefore impossible to compare the degréesyelosuppression induced by chemotherapy andttieus
capacity of rHUEpo to overcome it. Patients reecgj\échemotherapy of moderate intensity respond dsawe
those not receiving concomitant chemotheraply is however probable that more intensive chémtpy
regimens would be associated with lower resportes.ra

Complications of chemotherapy, such as inflammmatiofections, nutritional deficiencies or
bleeding, may have a negative impact upon respdnsenctional iron deficiency is a major factor ltimg
the efficacy of rHUEpo therapy. It is defined asrabalance between iron needs in the erythroid omaand
iron supply which depends on the level of iron esoand its rate of mobilization. This may occumewethe
presence of large iron stores when storage ireasel is impaired, as it is the case in the anehuhronic
disorders®. Functional iron deficiency is best diagnosed hyeecentage of hypochromic red cells greater
than 10 %°, a parameter calculated by some automated hergatalell counters. Alternatively, it can also
be suspected when transferrin saturation fallsvibélb6 %. Because there is some concern that tumisr ce
may need iron for optimal growt, routine iron supplementation of all cancer pasieeceiving rHUEpoO is

not recommended, except when absolute iron detigien present, i.e. when serum ferritin is below 12



png/L. Otherwise, iron supplements can be given wihenpercentage of hypochromic red cells is greater

than 10 % and discontinued as soon as it returnerimal values.

Predictive models

As the response rate appears to vary considemhlyng patients treated similarly, it would be
interesting to identify possible prognostic factofsresponse. Because clinical efficacy cannotdsessed
before weeks of treatment, identification of eatedictors of response could help provide the btnef
rHUEpo therapy to as many anemic cancer patienpossible while avoiding prolonged ineffective ude
an expensive medication.

This has first been proposed in patients withahemia of renal failuré®. The best prediction by
baseline parameters only was obtained with pretresat soluble transferrin receptor (sTfR) and fibgan :
there was a 100 % response rate when both werevlEraus only 29 % when there were both high, and 67
% when one was low and the other high. Change3 bt after 2 weeks of treatment were also predictive
(table 2). When the 2-week sTfR increment waX) %, the response rate was 96 %. When sTIR iremiem
was < 20 %, the response rate was 100 % when basafR was low and fibrinogen normal, 12 % when
baseline fibrinogen was elevated and 62 % whenlibasgbrinogen was normal but baseline sTfR high.
These prognostic factors illustrate the importantdéhe early erythropoietic response (changes dRsT

levels), subclinical inflammation (fibrinogen) ahdhctional iron deficiency (baseline sTIR).

In cancer patients, much attention has been pailet possible value of baseline serum Epo because
it was thought that patients would respond befténey had a defect in their capacity to produce Bp
compared to those whose anemia was accompaniedeloypate serum Epo levels. Studies in patients with
solid tumors have failed to confirm any predictivaue of baseline Epo even when Epo deficiency was

demonstrated in all or part of the patieht§2°*° As Epo levels must be interpreted in relatioth® degree



of anemia, the ratio of observed to predicted Eguels (O/P ratio) represents a better assessmeht of
adequacy of Epo productiotl. In patients with hematologic malignancies, it i@en observed that low
baseline serum Epo levetsor decreased O/P ratfd were associated with a significantly lower proligbi

of response. This has been confirmed in large oauter trials in patients with multiple myelomaran-
Hodgkin’s lymphoma”*® An O/P ratio < 0.9 was found to be associatett wigh response rates, whereas
patients with an O/P ratio > 0.9 rarely benefitenrf therapy”.

As many in vitro and animal studies have demotesiréhat several cytokines, including IL-1, TNF-
a, and IFNy, strongly inhibited normal erythropoiesis and tthas effect can be overcome only with large
doses of rHUEpo, Ludwilf examined the possible predictive values of serwngl$ of these cytokines, but
the results were disappointing. This is not entiglrprising since serum levels of these cytokimey not
be relevant, whereas local intramedullary levely bmmuch more important but non-evaluable.

As compared to baseline parameters, early chanlgesrved after 2 weeks of treatment could be
more informative. A rapid elevation of hemoglobievéls often predicted a good probability of later
response**®33 An increase of reticulocyte counts by0,000/ul from baseline to week 2 or 4 appeared to
be predictive of response but its discriminativevppwas weak®. In several studies, hematologic response
to rHUEpo was strongly associated with early insesaof sTfR levels after 1-2 weeks of treatnférit 2
Ludwig ** conducted the most thorough analysis and found ittereases of hemoglobin, sTfR and
reticulocytes, as well as decreases of serum Epatiri, iron, C-reactive protein or neopterin affleweeks

were all correlated with response.

Various models have sought to combine the predictiower of several parameters. In a study
including equal numbers of patients with solid tusnor hematologic malignancié§ if after 2 weeks of
therapy Epo was > 100 mU/ml and hemoglobin hadimoeased by at least 0.5 g/dL, there was a 94 %
probability of unresponsiveness; otherwise respavee likely in 80 % of the patients (table 3). éfrem
Epo was < 100 mU/ml and hemoglobin concentratiod imereased by 0.5 g/dL, the probability of

responses was 100 %; otherwise the probabilityabiire was 62 %. However, 34/80 patients did nbt fa



into any of these two categories and thus prediotvas valid only in a little more than half of theiirhe
predictive value of a decrease in serum Epo lawalg have two explanations. Endogenous serum Efdd cou
decrease as the hematocrit rose in responderghéunagnitude of the hematocrit changes by 2 weeks
seemed to be too small. Erythropoietin appeareattamulate in non-responders but it cannot be drdu
that these patients were receiving more intendnamotherapy than others and thus be more likehate
inappropriate increases of endogenous serum Epes4l On the other hand, Epo could be utilized by the
stimulated marrow, but this has been contradictednbany experimental datd>® Alternatively, a serum
ferritin value> 400 ng/ml after 2 weeks predicted for failure B1% of the cases, whereas serum ferritin
levels < 400 ng/ml predicted for success in 72 %hefcases. However, the specific cutpoint of 4g@nh
cannot be extrapolated to other patients becauspénds so much on the previous transfusion kistor

In a subset of patients from a large multicentedys*, some prediction of response could be derived
from changes observed in reticulocytes and hemaglfbm baseline to week 2 of therapy Among
patients not receiving chemotherapy (table 4),rdsponse rate was poor when the 2-week increment of
hemoglobin level was < 0.5 g/dL, but it was exagllevhen the hemoglobin level or reticulocyte count
increased by 0.5 g/dL or=40,000/uL, respectively. The predictive power cés parameters was much
less substantial when the hemoglobin increase#g Dy5 g/dL but the reticulocyte elevation was snralle
Adequate prediction of response could not be peavion the basis of hemoglobin and reticulocyte ghan
in patients receiving concomitant chemotherapyl€tah. Although some improvement in forecast cdugd
obtained in patients increasing their hemoglobirz dyg/dL after 4 weeks of treatment, predicting cese
on the basis of the response itself may appeag tanal.

A combination of baseline parameters and earlywgésa observed after 2 weeks of rHUEpo may
provide another useful approach. Among evaluabliema treated in a large multicenter stdgjythe failure
rate was almost 90 % when baseline serum O/P Egadhigher than 0.9 or when serum O/P Epo was less
than 0.9 but the hemoglobin increment by week 2 «@8 g/dL (table 6). On the other hand, the succes
rate was around 90 % when baseline serum O/P Epdesa than 0.9 and hemoglobin increased By3

g/d. In another large single center stully the combined use of baseline serum Epo and thveek-
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increment of sSTfR proved to be very powerful (taB)e Only 18 % of patients with a baseline seruno Ep
greater than 100 mU/ml responded to treatmentoahd29 % responded when the baseline serum Epo was
< 100 mU/mL but the 2-week sTfR increment was thss 25 %. On the other hand, the response rate was

96 % among patients with a low baseline serum HEpbsasubstantial sSTfR elevation.

Conclusion

In conclusion, a number of simple algorithms hdesn proposed to help predict outcome of
treatment with rHUEpo. These algorithms were gdlydnased on a combination of the adequacy of lhasel
endogenous Epo production and early direct (chaimgdgmoglobin, reticulocytes or sTfR) or indirect
(changes in serum Epo or ferritin) indicators oftl@ropoietic marrow response. These models shoeild h
ensure a better use of rHUEpo by providing it ton@asly anemic cancer patients as possible but orihyoise
with an excellent chance of success. Some modalerscore sensitivity and this permits to treat all
potential responders. Other models give emphasspégificity so that most failures can be predicied
rHUEpo therapy can be avoided or stopped earlyer@eof them achieve an overall accuracy of abOU¥9
The respective value of these various algorithmsaras to be confronted in a prospective study. Hewne
the occurrence of complications such as infectmmiinctional iron deficiency cannot be predictadneell
and one should always monitor patients for thecuoence even when the probability of response was

predicted to be high.
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Table 1. Criteria for response to rHUEpo

Compl ete response

- Normalize Hct value

Major response : all criteria

- Disappearance of transfusion needs

- Hctincrement 6 %

- Achieve Hct> 30 %

Minor response : any criteria

- Decrease of transfusion needs by at least 50 %
- Hctincrement 6 % but Hct < 30 %

- Achieve Hct= 30 % but Hct increment < 6 %

15



Table 2. Prediction of response in patients withatdailure treated with rHuEpo. Study by Beguirakt®.

Parameter Response (%)
2-wk sTfR Baseline Baseline Early Late Overall
increment fibrinogen sTfR
=20 % - - 73 23 96
<20% Normal < 3,500 pg/L 100 0 100
<20 % Normal > 3,500 pg/L 38 24 62
<20 % High - 0 12 12

Response = achievement of hemataeB0 %. Overall response rate = 77 %.

STfR = soluble transferrin receptor.
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Table 3. Prediction of response in patients withdhemia of cancer treated with rHuEpo. Study owig

etal.’.
Parameter at week 2 Patients Response (%)
Serum Epo Hb increment N Yes No
(mU/mL) (g/dL)
<100 >0.5 15 100 0
> 100 <05 31 6 94
<100 <05
30 70 30
> 100 >0.5

Response = Hb incremeat2 g/dL. Overall response rate = 50 %.

Epo = erythropoietin; Hb = hemoglobin.
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Table 4. Prediction of response in patients withdahemia of cancer not receiving chemotherapy raaded

with rHuUEpo. Study by Henry et &f.

Parameter at week 2 Patients Response (%)
Hb increment Retic increment N Yes No
(g/dL) (/uL)
20.5 > 40,000 11 91 9
20.5 < 40,000 14 36 64
<05 > 40,000 6 17 83
<05 < 40,000 23 4 96

Response = hematocrit incremer %. Overall response rate = 31 %.

Hb = hemoglobin; retic = reticulocyte.
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Table 5. Prediction of response in patients withdahemia of cancer receiving chemotherapy ancetieat

with rHUEpo. Study by Henry et &f.

Parameter at week 2 Patients Response (%)
Hb increment Retic increment N Yes No
(g/dL) (/uL)
20.5 > 40,000 21 67 33
20.5 < 40,000 29 66 34
<05 > 40,000 20 50 50
<05 < 40,000 62 48 52

Response = hematocrit incremer %. Overall response rate = 55 %.

Hb = hemoglobin; retic = reticulocyte.
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Table 6. Prediction of response in patients withdahemia associated with multiple myeloma or non-

Hodgkin’s lymphoma and treated with rHUEpo. Stugydazzola et al. {{18248}}.

Baseline 2-week Patients Response (%)
O/P Epo Hb increment
(g/dL) N Yes No
>0.9 - 8 13 87
<0.9 <0.3 6 0 100
<0.9 >0.3 34 88 12

Response = Hb incremeat2 g/dL. Overall response rate = 65 %.

O/P Epo = ratio of observed-to-predicted serumheoytoietin; Hb = hemoglobin.
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Table 7. Prediction of response in patients withdhemia of cancer treated with rHuEpo. Study m»zGla

et al. {{18252}}.

Baseline 2-week Patients Response (%)
serum Epo  sTfR increment
(mU/ml) (%) N Yes No
> 100 - 17 18 82
<100 <25 7 29 71
<100 > 25 24 96 4

Response = hemoglobin incremeri g/dL. Overall response rate = 58 %.

Epo = erythropoietin; sTfR = soluble transferrigeptor.



