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Introduction

Patients with solid tumours or haematological malignancies often present with
anaemia at diagnosis or develop it in the course of their disease [1-4]. Many
studies have shown that recombinant human erythropoietin (rHuEPQO) therapy
can ameliorate the anaemia associated with cancer and chemotherapy, reduce
the need for transfusions and improve quality of life [4]. However, many pa-
tients do not respond even to very high doses of rHuEPO. It is therefore impor-
tant to be able to recognise and correct conditions which adversely affect the re-
sponse to rHuEPQ, in particular functional iron deficiency. When no such par-
ticular condition can be identified, the use of predictive response algorithms be-
comes essential. Patients can thus be selected on the basis of the likelihood of
‘their responding to treatment and prolonged ineffective use of an expensive
medication can be avoided in those patients with a low probability of response.
This chapter will review factors potentially affecting the response to tHuEPO
and discuss the use of predictive algorithms.

Factors influencing response to rHuEPO
Treatment schedules and criteria for response

Marked differences among studies in the rate of response to rHuEPO reflect dif-
ferences in disease- and treatment-related factors, but also variations in dose,
frequency and route of administration, duration of therapy and the response cri-
teria used. There is a clear dose-response etfect with rHuEPO and most studies
in cancer patients have used doses in the range of 300-900 U/kg/wk, well above
those given to renal failure patients. The more convenient subcutaneous route of
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administration has been shown to ensure more favourable pharmacokinetics, re-
sulting in higher efficacy in renal failure patients [5]. Most trials administered
rHuEPO thrice weekly, a schedule demonstrated to be more efficient than daily
injections in normal subjects [6]. The duration of treatment is of critical impor-
tance. Whereas there was no significant difference in the rate of transfusions
between placebo and rHuEPO-treated patients during the first month of ther-
apy, the difference became highly significant during the second and third
months of treatment [7]. This is due to the fact that expansion of the erythro-
poietic marrow in response to rHuEPQO is very gradual and achieves maximum
activity only after several weeks of treatment [8]. The response rate can thus be
further improved when patients are treated for six months or more [9].

The patient’s haematological parameters at baseline are also important.
Patients with more severe anaemia and a greater transfusion requirement pre-
sumably have a lower probability of achieving a target haematocrit (Hct)
value. Pretreatment Hct was an important factor when rHuEPO was given for
the prevention of anaemia [10] but it was no longer so when it was given after
anaemia was well established [11]. This has been illustrated very well in ani-
mal studies in which rHuEPO was much more “efficient” when it was started
before the administration of 5-FU, being more effective at increasing the Hct
before the onset of myelosuppression [12].

Trials employing less stringent criteria for defining response are likely to re-
port better outcomes. Uniform response criteria can thus be proposed for trans-
fused and untransfused cancer patients, whether they be severely anaemic or
not. Complete response is defined by normalisation of the Hct. Major response
can be defined by the removal of the need for transfusion and a Het increment
greater than six percentage points and achievement of a Hct higher than 30%.
Minor response corresponds to only one of the latter two criteria or a reduction of
the transfusion requirement by at least 50%. When rHuEPO is given to prevent
anaemia during chemotherapy, complete response can be defined by mainte-
nance of a normal Hct, major response by a decrease in Hct by less than six per-
centage points, and minor response by a larger decrease in Het without the need
for transfusion.

Disease-associated factors

A number of mechanisms can be involved in the pathogenesis of anaemia associ-
ated with cancer [1-3] and it may therefore be difficult to identify a single
causative factor in an individual patient. Red cell loss may result from hyper-
splenism, blood loss following haemorrhage or iatrogenic phlebotomy, and au-
toimmune or microangiopathic haemolysis. Red cell production may be dimin-
ished by bone marrow infiltration, marrow necrosis, haemophagocytosis,
myelofibrosis, deficiency of erythropoietic cofactors (folic acid, vitamin B1Z2,
iron), or infections. These mechanisms of anaemia are much more prevalent in
haematological malignancies, but it is always important to identify them be-
cause specific therapeutic interventions can often be effective. However, cancer-
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associated anaemia is frequently delineated by the more general features of the
so-called anaemia of chronic disorders (ACD}. ACD is characterised by inade-
quate production of erythropoietin, inhibition of the proliferation of erythroid
progenitor cells in the bone marrow, and iron utilisation disturbances [1,13].
Except when there is major invasion by cancer cells and limited residual
normal haematopoiesis, tumour involvement of the marrow does not appear to
limit the efficacy of rHUuEPO [7,14]. The type of tumour generally does not influ-
ence the response rate, provided that no other specific mechanism of anaemia is
at work. Patients with multiple myeloma or low-grade lymphoma appear to
have similar response rates [15,16]. Although there were no apparent differ-
ences between haematological and non-haematological malignancies in the
largest study published [7], other studies suggested that patients with breast or
colon cancer [17] but not those with squamous cell carcinoma [18] may respond
less well than patients with myeloma. .,

Chemotherapy-related factors

Anaemia in cancer patients can also be caused or aggravated by therapy with
antineoplastic agents. In particular, treatment with platinum but not with
other chemotherapeutic agents has been associated with impairment of eryth-
ropoietin production [19]. Patients who were heavily pretreated with chemo-
therapy usually experience severe stem cell damage that considerably inter-
feres with their response to rHuEPO. Indeed, this is clearly indicated by the
poorer response obtained in patients with lower platelet counts [15,16].

For patients treated concomitantly with chemotherapy and rHuEPO there is
no marked difference between those receiving platinum-based regimens [20,21]
and those receiving other forms of chemotherapy [15,16,22]. In the largest study
published to date [7] patients receiving platinum-based chemotherapy re-
sponded more rapidly to rHuEPO than those receiving other combinations but
the overall response rate was similar in the two groups. However, the dose in-
tensity of the two forms of chemotherapy was not assessed and it is therefore
impossible to compare the degrees of myelosuppression induced by chemother-
apy and thus the capacity of rHuUEPO to overcome it. Patients receiving chemo-
therapy of moderate intensity respond equally well as those not receiving con-
comitant chemotherapy [7]. It is, however, likely that more intensive chemo-
therapy regimens would be associated with lower response rates. Finally, com-
plications of chemotherapy, such as inflammation, infections, nutritional defi-
ciencies or bleeding, may have a negative impact on the response to rHuEPO.

Functional iron deficiency

Functional iron deficiency is a major factor limiting the efficacy of rHuEPO
therapy. It is defined as an imbalance between iron requirement in the ery-
throid marrow and iron supply, which depends on the level of iron stores and
the rate of their mobilisation. This may occur even in the presence of large iron
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stores when storage iron release is impaired, as is the case in anaemia of chronic
disorders [23]. Functional iron deficiency 1s best diagnosed by a percentage of
hypochromic red cells greater than 10% [24], a parameter that is calculated by
certain automated haematological cell counters. Alternatively, functional iron
deficiency can be suspected when the transferrin saturation falls below 20%. As
there is some concern that tumour cells may need iron for optimal growth [25],
routine iron supplementation, either oral or intravenous, in all cancer patients
receiving rHuEPO is not recommended. However, this should be balanced
against the fact that transfusion of one red blood cell unit also provides a large
amount (200 mg) of iron. Iron supplements should be given when absolute iron de-
ficiency is suspected, i.e., when serum ferritin is below 40-100 ng/L, a level asso-
ciated with absence of iron stores in the anaemia of chronic disorders. Other-
wise, iron supplements can be given when the transferrin saturation is below
20% or the percentage of hypochromic red cells is greater than 10%; the sup-
plementation should be discontinued as soon as these values return to normal.
The oral route is much less effective and intravenous administration of 200 mg
elemental iron every week or every other week is the treatment of choice. This
will ensure the best utilisation of any given dose of rHuEPO.

Predictive models

Since the response rate to tHuEPQ varies considerably among patients treated
similarly and the clinical efficacy can only be assessed after several weeks of
treatment, identification of early predictors of response would be of major inter-
est. The use of such prognostic factors of response could help to give the greatest
possible number of anaemic cancer patients the benefits of rHuEPO while
avoiding prolonged ineffective use of an expensive medication.

A predictive algorithm of response to rHuEPO has first been proposed in the
setting of anaemia associated with renal failure [26]. The best prediction by
baseline parameters only was obtained with pretreatment soluble transferrin
receptor (sTfR) and fibrinogen. Serum sT{R can now be measured by a commercial
immunoassay and represents a quantitative measure of erythropoietic activity.
There was a 100% response rate when both sTfR and fibrinogen were low,
against only 29% when they were both high, and 67% when one was low and
the other high. Changes in sTfR after two weeks of treatment were also predic-
tive. When the two-week sTfR increment was 220%, the response rate was 96%.
When the sTfR increment was <20%, the response rate was 100% when baseline
sTIR was low and fibrinogen normal, 12% when baseline fibrinogen was high,
and 62% when baseline fibrinogen was normal but baseline sTfR high. These
prognostic factors illustrate the importance of the early erythropoietic response
(changes in sTfR levels), subclinical inflammation (fibrinogen) and functional
iron deficiency (baseline sTiR).
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Baseline parameters

Theoretically, cancer patients with a defect in their capacity to produce EPO
should be more likely to respond to rHuEPO than those with adequate serum
EPO levels relative to their degree of anaemia. However, studies in patients
with solid tumours have failed to confirm such a consistent predictive value of
baseline EPO even when EPO deficiency was demonstrated in all or part of the
patients {7,21,27,28]. As EPO levels must be interpreted in relation to the degree
of anaemia, the ratio of observed to predicted EPO levels (O/P ratio) represents
a better measure of the adequacy of EPO production [29]. In patients with hae-
matological malignancies it has been observed that low baseline serum EPO
levels [11] or a decreased O/P ratio [22] is associated with a significantly high-
er probability of response. This has been confirmed in large multicentre trials in
patients with multiple myeloma or non-Hodgkin’s lymphoma [15,16]. An O/P
ratio <0.9 was found to be associated with high response rates, whereas pa-
tients with an O/P ratio >0.9 rarely benefited from therapy [30]. In addition, in
patients treated with chemotherapy serum EPO should be evaluated just prior
to chemotherapy for its interpretation to be valid. Indeed, measuring serum
EPO after chemotherapy may yield elevated levels compared to pre-chemo-
therapy values, without any change in Hct [31].

Only large doses of rHuEPO can overcome the strong inhibition of erythro-
poiesis induced by such cytokines as IL-1, TNF-o and IFN-v. Ludwig [11] exam~
ined the possible predictive values of serum levels of these cytokines, but the
results were disappointing. This is not entirely surprising since serum levels of
these cytokines may not be relevant, whereas local intramedullary levels may
be much more important but non-evaluable.

Early changes in erythropoietic parameters

Early changes in parameters of erythropoietic activity observed after two
weeks of treatment could be more informative. A rapid elevation of haemo-
globin (Hb) levels often predicted a high probability of later response [11,16,
32]. An increase in reticulocyte counts by 240,000/nl from baseline to week 2 or 4
appeared to be predictive of response but its discriminative power was weak
[32]. In several studies the haematological response to rHUEPO was strongly as-
sociated with early increases in sTIR levels after one to two weeks of treatment
[22,28,30]. Ludwig [11] conducted the most thorough analysis and found that in-
creases in Hb, sTIR and reticulocytes as well as decreases in serum EPO, ferritin,
iron, C-reactive protein or neopterin after two weeks were all correlated with
response.

Predictive algorithms based on early changes

Various models have sought to combine the predictive power of several param-
eters. In a study including similar numbers of patients with solid tumours or
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haematological malignancies [11], if after two weeks of therapy EPO was >100
mU/ml and Hb had not increased by at least 0.5 g/dl there was a 94% likeli-
hood of unresponsiveness; otherwise response was likely in 80% of the patients
(Table 1). If serum EPO was <100 mU/ml and the Hb concentration had in-
creased by 20.5 g/dl, the probability of response was 100%; otherwise the prob-
ability of failure was 62%. However, 34/80 patients did not fall into either of
these categories and thus the prediction was valid only in just over half of
them. The predictive value of a decrease in serum EPO levels could be ex-
plained in two ways. Endogenous serum EPO decreased as the Hct rose in re-
sponders, but the magnitude of the Hct changes by two weeks seemed too small.
Erythropoietin appeared to accumulate in non-responders but it cannot be ex-
cluded that these patients were receiving more intensive chemotherapy than
others and were thus more likely to have inappropriate increases in endogenous
serum EPO values [31]. On the other hand, EPO could be.utilised by the stimu-
lated marrow, but this has been contradicted by many experimental data
[33,34]. Alternatively, a serum ferritin value 2400 ng/ml after two weeks pre-
dicted non-response in 88% of cases, whereas serum ferritin levels <400 ng/ml
predicted response in 72% of cases. However, the specific cutoff of 400 ng/ml
cannot be applied to other patients because much depends on the previous trans-
fusion history.

Table 1. Prediction of response in patients with the anaemia of cancer treated with
rHuEPO. Based on the study by Ludwig et al. [11]

Parameter at week 2 Patients Response (%)

Serum EPO Hb increment No. - Yes No
(mU/mi) (g/dl)

< 100 =05 15 100 0

2 100 <05 31 6 94
< 100 <0.5

30 70 30
> 100 205

Response = Hb increment 22 g/dI. Overall response rate = 50%.
EPQO = erythropoietin; Hb = haemoglobin.
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Table 2. Prediction of response in patients with the anaemia of cancer not receiving
chemotherapy and treated with rHuEPO. Based on the study by Henry et al. [32]

Parameter at week 2 Patients Response (%)
Hb increment Retic increment No. Yes No
(g/dl) (/b
>0.5 > 40,000 11 g1 9
=205 < 40,000 14 36 | 64
< 0.5 = 40,000 6 17 83

<0.5 < 40,000 23 4 96

Response = haematocrit increment 26%. Overall response rate = 31%.
Hb = haemoglobin; retic = reticulocyte.

%

In a subset of patients from a large multicentre study [7] some prediction of re-
sponse could be derived from changes observed in reticulocytes and Hb from
baseline to week 2 of therapy [32]. Among patients not receiving chemotherapy
(Table 2) the response rate was poor when the two-week increment in Hb level
was <0.5 g/dl, whereas it was excellent when the Hb level and reticulocyte
count increased by 20.5 g/dl and 240,000/ ], respectively. The predictive power
of these parameters was much less substantial when the Hb increased by 20.5
g/dl but the reticulocyte elevation was smaller. Adequate prediction of
response could not be provided on the basis of Hb and reticulocyte changes in
patients receiving concomitant chemotherapy (Table 3). Although some
improvement in response prediction could be obtained in patients with a Hb
increase of 21 g/dl after four weeks of treatment, predicting response on the
basis of the response itself may appear to be trivial.

Table 3. Prediction of response in patients with the anaemia of cancer receiving
chemotherapy and treated with rHuUEPO. Based on the study by Henry et al. [32]

Parameter at week 2 Patients Response (%)
Hb increment Retic increment No. Yes No
(g/dl) (/n)
205 > 40,000 21 67 33
205 < 40,000 29 66 34
<05 > 40,000 20 50 50
<05 < 40,000 62 48 52

Response = haematocrit increment 26%. Overall response rate = 55%.
Hb = haemoglobin; retic = reticulocyte.
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Predictive algorithms based on baseline parameters and early changes

A combination of baseline parameters and early changes observed after two
weeks of rHuEPO may provide another useful approach. Among evaluable pa-
tients treated in a large multicentre study [16] the failure rate was almost 90%
when baseline serum O/P EPO was higher than 0.9 or when serum O/P EPO was
less than 0.9 but the Hb increment by week 2 was <0.3 g/dl (Table 4). On the
other hand, the success rate was around 90% when baseline serum O/P EPO was
less than 0.9 and Hb increased by 20.3 g/dl. In another large single-centre study
[30] the combined use of baseline serum EPO and the two-week increase in sTfR
proved to be very powerful (Table 5). Only 18% of patients with baseline serum
EPO greater than 100 mU/ml responded to treatment, and only 29% responded
when the baseline serum EPO was <100 mU/ml but the two-week sTfR incre-
ment was less than 25%. Conversely, the response rate was 96% in patients with
low baseline serum EPQ and a substantial sTfR elevation.

Table 4. Prediction of response in patients with anaernia associated with multiple myeloma
or non-Hodgkin’s lymphoma and treated with THuEPO. Based on the study by Cazzola et
al. [16] :

Baseline 2-week Patients Response (%)
O/P EPO Hb increment
(g/dl) No. Yes No
>09 - 8 13 87
<09 <03 6 0 100
<09 > 03 34 - 88 12

Reslgonse = Hb increment 22 g/dl. Overall response rate = 65%.
0O/P EPO = ratio of observed-to-predicted serum erythropoietin; Hb = haemoglobin.

Table 5. Prediction of response in patients with the anaemia of cancer treated with
rHuEPQO. Based on the study by Cazzola et al. [30]

Baseline 2-week Patients Response (%)
serum EPQO sT{R increment
(mU/ml) (%) No. Yes No
> 100 - 17 18 82
< 100 <25 7 29 71
< 100 =25 24 96 4

Response = Hb increment >2 g/dl. Overall response rate = 58%.
EPO = erythropoietin; sTfR = soluble transferrin receptor.
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Applicability of predictive factors

There are a number of theoretical reasons why some or all of these parameters
are not valid in certain situations (Table 6). While evaluation of endogenous

Table 6. Theoretical value (yes = probably of value; no = probably of no value) of potential
predictors of response to rHUEPO in various settings according to the indication for
therapy (see text for discussion)

Baseline 2-wk Hb 2-wk
EPO or O/P increment 'retic/sTfR
ratio increment
1. Prevention of anaemia '
Autologous blood donation No No Yes
Adjuvant treatment for phlebotomy No No Yes
Perisurgery No No (1) No (1)
Chemotherapy (planned) Yes 2) No No
2. Correction of untransfused anaemia
AIDS, inflammatory diseases, cancer,

MDS, organ transplantation Yes (2) Yes Yes

Chemotherapy (ongoing) Yes (2) " Yes @) Yes (3)
3. Reduction in transfusion requirements
AIDS, inflammatory diseases, cancer,

MDS, organ transplantation Yes (2) No Yes
Chemotherapy (ongoing) Yes (2) No Yes (3)
Prematurity No 4) No Yes
Allogeneic stem cell transplantation No (4) No No

4, Miscellaneous
Radiotherapy No Yes Yes
Orthostatic hypotension No Yes Yes
Induction of fetal Hb No No No

EPO = erythropoietin, O/P EPO = ratio of observed-to-predicted EPO; Hb = haemoglobin;
retic = reticulocytes; sTfR = soluble transferrin receptor.

(1) Treatment too short to be modified by changes in erythropoietic parameters

(2) EPO deficiency in some forms of cancer (lymphoma, myeloma, some MDS) and
chemotherapy (cisplatin)

(3) Timing of sample for measurement of predictor may be critical (see text)
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EPQO production may be relevant in various forms of anaemia, it is irrelevant in
subjects where the aim of rHuEPO therapy is to prevent anaemia that is not yet
present, in those in whom better tumour oxygenation before radiotherapy or in-
duction of fetal Hb is sought, or in disorders characterised by universal EPO de-
ficiency. In patients with haematological malignancies [11,15,16,30], low base-
line serum EPO levels or a low ratio of observed to predicted EPO levels (O/P
ratio) were associated with a significantly higher probability of response, but
this was usually not the case in patients with solid tumours [7,21]. On the other
hand, Hb increments after two weeks of treatment may be relevant in steady-
state patients but are of little help in fransfused patients and in those in whom
rHuEPO is intended to prevent the occurrence of severe anaemia but cannot avert
some decrease in Hb induced by phlebotomy or myelosuppressive treatments,
Finally, changes in parameters directly reflecting erythropoietic activity, i.e.,
reticulocyte counts and sTfR, may be the most appropriate. However, changes in
reticulocyte counts may simply reflect the output of shift reticulocytes rather
than true expansion of erythropoiesis, and are therefore often not a good indica-
tor of response [11,26]. Although sTIR levels represent the best quantitative
measurement of total erythropoietic activity, they may also increase secondary
to functional iron deficiency [35]. In addition, particularly in patients treated
with chemotherapy, the timing of the evaluation of these parameters relative
to chemotherapy may be critical for their interpretation. For instance, measur-
ing serum EPO after chemotherapy may yield elevated levels compared to pre-
chemotherapy values, without any change in Hct [31]. Assessment of changes in
erythropoietic activity should be made at similar time points in the chemo-
therapy cycle, ideally just before administration of the next cycle, often at
three to four-week intervals instead of two-week intervals. In addition, resid-
ual marrow function and the relative intensity of chemotherapy may be of great
importance. '

Conclusion

Several algorithms have been proposed to predict the response to rHuEPO in
patients with the anaemia of cancer (Table 7). Their sensitivity (how well the
algorithm identifies all those who will respond} and specificity (how well the
algorithm excludes all those who will fail} and thus their overall efficacy

vary considerably. In the study conducted by Ludwig [11], where primarily non-
responders instead of responders were identified, the sensitivity and overall
accuracy increased from 42% and 70% to 76% and 86%, respectively. The overall
accuracy was not improved by doing so in the study conducted by Henry in pa-
tients receiving chemotherapy, because the increased sensitivity (54%) was
compensated by diminished specificity (52%). The positive predictive value
- (probability of response in those predicted to respond) of the algorithms is usu-
ally better than their negative predictive value (probability of failure in those
predicted to fail). The best algorithms appear to be those combining the as-



Table 7. Comparison of various algorithms for prediction of response to rHuEPO

Author Ludwig [11] Henry [32] Henry [32] Cazzola [16] Cazzola [30]
No. patients 76 54 132 48 48
Disease Cancer Cancer Cancer Myeloma-NHL Cancer

(No chemotherapy) (Chemotherapy)

Overall response rate 50 31 55 65 58
(%)

Prediction algorithm Response if 2-week Response if 2-week Response if 2-week  Response if 2-week  Response if 2-week
EPO <100 mU/ml A retic 240,000/ul A retic = 40,000/l AHb>03 g/dland A sTER = 25% and

and AHb205g/dl and AHb205g/dl and AHb>0.5g/dl baseline O/P EPO <0.9 baseline EPO

<50 mU/ml

Sensitivity (%) 42° 59 _ 19 97 88
Specificity (%) 100" 97 88 76 95
Positive predictive 100" 91 , 67 88 96
value (%)

Negative predictive 62" 84 47 93 79
value (%)

Overall accuracy (%) 70" 85 50 90 88

-

NHL = non-Hodgkin’s lymphoma; A = increment; EPO = erythropoietin; O/P EPO = ratio of observed-to-predicted EPO; sTfR = soluble
transferrin receptor; Hb = haemoglobin; retic = reticulocytes.

*Although the algorithm proposed by Ludwig primarily identifies non-responders, the sensitivity, specificity and positive and negative
predictive values are given for identification of response, as is the case for the other algorithms.
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sessment of the adequacy of endogenous EPO production with (some) early indi-
cators of erythropoietic marrow response (changes in Hb or sTfR).
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