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Summary

Neutropenia and anemia are important complications of cancer chemotherapy and can be prevented and treated with gra-
nulocyte colony-stimulating factor and erythropoietin.
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Introduction

Treating cancer with myelosuppressive chemotherapy agents damages the integrity of the bone marrow,
impairing haematopoiesis. Reducing haematopoiesis decreases the number of circulating neutrophils and red
blood cells, causing neutropenia and anaemia, respectively, which are common and serious complications
of cancer treatment. Chemotherapy-induced neutropenia has significant consequences. These include increa-
sed risk of infection and mortality, chemotherapy dose delays and reductions that may compromise treat-
ment effectiveness, increased costs through use of antibiotics and hospital admission, and a negative impact
on patient quality of life. Anaemia causes fatigue and decreased quality of life, and may adversely affect
patient outcome by reducing the anti-tumour activity of radiotherapy and some chemotherapeutic agents.
Haematopoietic growth factors such as filgrastim (a granulocyte colony-stimulating factor) and recombinant
human erythropoietin (an erythropoietic factor), developed in the 1980s and 1990s, significantly improved
the management of neutropenia and anaemia in patients with cancer. Recently, a new generation of haema-
topoietic growth factors has been developed to simplify and optimise treatment of these complications.
Once-per-cycle pegfilgrastim (Neulasta™) is as effective as daily filgrastim in reducing the duration of
severe neutropenia (DSN). Darbepoetin alfa (Aranesp®), administered once per week or once every two
weeks (Q2W), rapidly corrects anaemia in cancer patients, and has the potential to offer even more exten-
ded dosing intervals. These novel cytokines could simplify the management of neutropenia and anaemia
with fewer injections and less disruption to patients’ daily lives.

Neutropenia

a) Incidence of neutropenia

In healthy adults, the level of circulating neutrophils is between 1.5 and 7 x 109 cells/l. Moderate (World
Health Organisation [WHO] grade 3) and severe neutropenia (WHO grade 4) are defined as absolute neu-
trophil counts (ANC) of 0.5-0.9 x 10%1, and < 0.5 x 10%1, respectively. Definitions of febrile neutropenia
(FN) vary, but it is commonly described as a temperature > 38.3°C with an ANC of < 0.5 x 10° cells/l [1].

In patients with cancer, the most common cause of neutropenia is myelosuppression caused by cytotoxic
chemotherapy. The reported rates of neutropenia and neutropenic complications vary widely. The Canadian
Database Initiative reported a 42% incidence of a least one neutropenic complication in breast cancer
patients receiving a variety of chemotherapy regimens. Of these patients, 72% had further complications in
subsequent cycles [2]. The American Society of Clinical Oncology (ASCO) reported a 25-40% incidence of
FN with common chemotherapy regimens in patients receiving chemotherapy for the first time [3]. The
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European Society for Medical Oncology (ESMO) noted that the reported rate of FN in Europe varies from
10-57% and grade 4 neutropenia from 2-8% for most patients receiving standard-dose chemotherapy regi-
mens [4]. Unfortunately, it is difficult to assess the true extent of neutropenic complications from much of
the available clinical trial data. Inconsistent reporting of haematologicial toxicities makes it difficult to eva-
luate a regimen’s potential myelotoxicity. For example, in a retrospective analysis of 87 randomised clini-
cal trials in early-stage breast cancer published from 1990-2000, only 46 studies reported haematological
toxicity data [5]. The incidence of grade 3 or 4 neutropenia was 1-78% with cyclophosphamide, metho-
trexate, 5-fluorouracil (CMF, n = 7,206 patients), and 3-100% with cyclophosphamide, doxorubicin, 5-fluo-
rouracil (CAF) or

5-fluorouracil, epirubicin and cyclophosphamide (FEC) (n = 2,870 patients). More standard reporting
methods are needed.

b) Clinical consequences of chemotherapy-induced neutropenia

Chemotherapy-induced neutropenia (CIN) has significant clinical consequences. Low neutrophil levels
compromise a patient’s immune system and increase vulnerability to infection. The risk of infection is linked
to the severity and duration of neutropenia [6]. Infection can be life threatening and patients very often
require hospital admission for intravenous anti-infectives, which increases costs and the burden on the health
care provider. The mortality rate among cancer patients with FN is approximately 10% [7].

Neutropenia is the most common cause of dose reduction and delay in patients receiving chemotherapy
[8]. In a study of Stage I-III breast cancer patients (n = 444), approximately 40-50% of patients needed dose
reductions or delays after the first or second cycle due to neutropenic complications [2]. In another study of
breast cancer patients (n = 449), 32% of chemotherapy dose reductions were due to myelosuppression [9].
However, it is difficult to assess the true extent of dose delay and reduction caused by haematological toxi-
city from clinical trial data because the delivered dose intensity is reported inconsistently. A review of 72
randomised clinical trials in early-stage breast cancer noted that only 53% reported information on dose
intensity [10].

Chemotherapy dose reductions are linked to significantly lower response rates and reduced survival rates
in patients with cancer, including those with gynaecological cancers. The 5-year relapse-free survival rate
in breast cancer patients treated with CMF was 77% for patients receiving 2 85% of the planned dose, but
only 48% for those receiving < 65% of the planned dose [9]. A 20-year follow-up confirmed the survival
benefits of maintaining planned doses [11]. In patients with ovarian cancer, survival was better with a high-
dose cisplatin-based therapy than with a low-dose regimen (114 vs 69 weeks, respectively) [12].

Dose-intensification of chemotherapy may be associated with increased survival. Patients with breast
cancer treated with dose-dense chemotherapy (doxorubicin, paclitaxel, cyclophosphamide with a 2-week
dose interval) had higher survival rates at three years compared with patients receiving the same chemothe-
rapy with a 3-week dose interval [13]. In this study, disease-free and overall survival rates at three years
were 85% and 92%, respectively, for the dose-dense schedule, and 81% and 90%, respectively, for the con-
ventional schedule [13].

Neutropenia is expensive to manage and the costs have increased dramatically in recent years. A survey
of over 79,000 hospitalisations for FN in 115 large academic institutions in the USA during 1995-2000
showed that the mean length of stay was 12 days and the mean cost per episode was $22,622 [14]. In another
study in the USA, over 60,000 FN episodes in a 6-year period cost more than US$1 billion and accounted
for more than 600,000 days in hospital [7, 15]. In a study of 83 women with gynaecological cancers, CIN
resulted in an estimated total cost of $11,380 (€ 12,860) per person [16].

Quality of life (QOL) is also negatively affected by CIN. Neutropenia adds to the already high levels of
stress and anxiety in patients with cancer. An internet survey showed that FN had a significant negative
impact on patients’ well-being [17]. Hospital admission with FN is often at short notice, causing stress,
disruption to domestic routine and isolation [18]. Delays in chemotherapy schedules due to neutropenia also
cause increased anxiety and inconvenience for patients and reduce QOL [18]. The Awareness of Neutrope-
nia in Chemotherapy Study Group is currently developing and validating a QOL instrument specifically for
neutropenia [19, 20].
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c) Current management of neutropenia

As the clinical consequences of CIN can be serious and costly, it is important to minimise the incidence
of CIN and its complications. Until the 1990s, watchful waiting with aggressive antibiotic treatment for
patients with FN was standard care [21]. However, prophylactic antibiotics are generally not effective.
There are also well-founded concerns about the prolonged and widespread use of antibiotics, which can
lead to bacterial resistance, opportunistic infections by fungi and disruptions to the physiological microen-
vironment [22].

A more effective way of managing CIN is with granulocyte colony-stimulating factors (G-CSFs), which
directly stimulate the formation of neutrophils and reduce the transit time of polymorphonucleocytes into
the blood. Filgrastim (r-metHuG-CSF) has been used for over ten years to reduce CIN in patients with cancer
[23]. Prophylactic filgrastim reduces the DSN in patients with acute myeloid leukaemia by approximately
five days compared with placebo [24]. Filgrastim also effectively minimises complications of CIN. Heil e?
al. report that filgrastim significantly reduces the duration of fever, parenteral antibiotic use and hospitali-
sation [24]. In breast cancer patients, filgrastim significantly reduces the rate of hospital admission for FN
[25] and enables more patients to receive planned dose on time [25-27]. In a meta-analysis of controlled cli-
nical trials, prophylactic G-CSF led to a reduced risk of FN (odds ratio = 0.38, p < 0.001), documented
infection (odds ratio = 0.51) and infection-related mortality (odds ratio = 0.60) as well as fewer chemothe-
rapy delays (odds ratio = 0.32, p < 0.001) [28].

The prophylactic use of G-CSFs, such as filgrastim, has a significant impact on CIN and its consequen-
ces. However, if all patients with cancer were given G-CSF routinely, then approximately half would be
treated unnecessarily, as not all patients develop FN with standard chemotherapy regimens [3]. Specialist
oncology groups such as ASCO, ESMO, the European Organisation for the Research and Treatment of
Cancer (EORTC), and the National Comprehensive Cancer Network (NCCN), have published guidelines to
facilitate the appropriate use of prophylactic G-CSFs [3, 4, 29, 30]. Generally, these guidelines recommend
primary prophylaxis when the risk of developing FN is greater than 40%, and secondary prophylaxis for
patients with previous FN [3, 4, 29].

The appropriateness of the 40% FN risk has been questioned. Recent economic analyses suggest that G-
CSFs are cost-effective when the risk of FN is < 40%. When indirect costs (such as patient out-of-pocket
expenses and lost productivity due to morbidity and mortality) are accounted for, G-CSF prophylaxis is cost-
effective when the risk of FN is close to 20% [31, 32]. When prolonged management of FN is likely, and
the hospital stay is long, then primary prophylaxis with G-CSF is cost-effective when the risk of developing
FN is only 10% [31].

One of the challenges in using guidelines to aid the appropriate use of G-CSF is the difficulty in estima-
ting the risk of developing FN in individual patients [33]. The risk of CIN varies widely among patients with
the same health status receiving the same chemotherapy for the same tumour type [5]. Certain groups are
known to be at high risk of CIN, for example, elderly patients [34]. Therefore, easy-to-use predictive models
are needed to identify patients at high risk of neutropenia and neutropenic complications after chemothe-
rapy. Several such risk models have been published. For example, Silber et al. reported that in breast cancer
patients, blood counts at the predicted nadir during the first cycle of chemotherapy can be used to assess a
patient’s relative risk for severe neutropenia and its consequences in subsequent treatment cycles [35]. Other
predictors of CIN in breast cancer patients are age, nitrogen index, type of chemotherapy and oestrogen
receptor status [36-38]. Validated risk models will enable oncologists to identify high-risk patients and the-
refore provide optimum, cost-effective protection from CIN.

d) Neutropenia in elderly cancer patients

Elderly cancer patients are particularly vulnerable to complications of myelosuppressive chemothe-
rapy. In breast cancer patients treated with four cycles of adjuvant chemotherapy (cyclophosphamide,
doxorubicin [CA]), the mean nadir ANC by cycle 4 was significantly lower in those aged = 65 years
than in younger patients (94 x 10° cells/l vs 270 x 10° cells/l, p < 0.01, [39]). Elderly patients, therefore,
appear to have a lower haematopoietic reserve and are more prone to severe haematological toxicity with
various chemotherapies than younger patients. For example, patients 2 70 years treated with actinomy-
cin-D had a 319% increase in risk of grade 3 haematological toxicity compared with patients < 60 years
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[40]. The incidence of neutropenia in elderly patients with non-Hodgkin’s lymphoma treated with CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisone) and CHOP-like chemotherapy is high, from 9-
50% [34]. Fortunately, age has little effect on the neutrophil response to G-CSF. In healthy volunteers,
filgrastim increased the number of polymorphonuclear neutrophilic leucocytes in the blood to a similar
extent in 20-30 and 70-80 year olds [41]. The NCCN guidelines aim to minimise the toxicity of che-
motherapy in older cancer patients [30, 42] by recommending prophylactic G-CSF in patients 2 70 years
receiving CHOP or a drug combination of similar dose intensity (CAF, FEC 100 [5-fluorouracil, etopo-
side, cisplatin], CA).

e) Development of pegfilgrastim

The development of pegfilgrastim represents a significant advance in the pharmacological management

of CIN. Pegfilgrastim consists of a 20,000 dalton polyethylene glycol (PEG) molecule covalently bound
to the N-terminal methionine residue of filgrastim. Because filgrastim is relatively small (approximate
molecular weight 18,800 daltons), it is rapidly cleared by the kidneys, resulting in a short serum half-
life (approximately 3.5 hours). Daily injections of filgrastim are needed therefore, to maintain an ade-
quate neutrophil response. Pegfilgrastim is a much larger molecule (approximate molecular weight
39,000 daltons) and consequently its clearance via the kidneys is minimised resulting in a longer serum
half-life. Concentrations of pegfilgrastim in the serum are therefore sustained, making once-per-che-
motherapy-cycle dosing possible [43]. In a phase 2 study, women with breast cancer treated with four
cycles of doxorubicin/docetaxel chemotherapy every 21 days were given pegfilgrastim as a single sub-
cutaneous injection per chemotherapy cycle (30, 60 or 100 pg/kg). The pharmacokinetics of pegfilgra-
stim were non-linear and depended on both the dose and neutrophil count [44].
The maximum serum concentration of pegfilgra-
A ANC stim occurred approximately 24 hours post-dosing
®—e Pegfilgrastim 100 pg/kg (n = 46) and was sustained until the ANC nadir (Figure 1). As
the neutrophil levels increased, pegfilgrastim serum
concentrations decreased, consistent with a neu-
trophil-mediated clearance mechanism [44]. This
'self-regulating’ pegfilgrastim clearance provides tai-
lored protection for individual patients.

Pegfilgrastim was compared with filgrastim in
two pivotal phase 3 trials in patients with breast
cancer [46, 47]. Both studies were similar, enrolling

patients with either high-risk early-stage (Stage II)

TS s 7 e 11 13 15 a7 19 a1t breast cancer or advanced (Stage III or IV) breast
Day (cycle 1) cancer (n = 310 [46]; n = 157 [47]). The che-

motherapy regimen was doxorubicin (60 mg/m?)
Figure 1. — Mean serum levels of pegfilgrastim and mean  and docetaxel (75 mg/m?) given as four 21-day
ANC. This graph shows that pegﬁlgrgstim is.cl'eared asneu-  cycles. Starting on day 2 of each cycle, patients
trophil levels return to normal. Permission - Clinical Journal of . . . .
Oncology Nursing, 2003, 7, 55. received either a single subcutaneous injection of
pegfilgrastim (100 ug/kg/cycle [46]; 6 mg/cycle

[47]) followed by daily injections of placebo, or filgrastim (5 pug/kg/day) until the ANC reached 10 x 10°/1
or for 14 days whichever was the shortest. The primary efficacy endpoint in both studies was DSN (days
with ANC <0.5 x 10°/1) in cycle 1. These studies were designed to show that once-per-cycle pegfilgrastim
was as effective as daily filgrastim in reducing DSN (noninferiority design). In the dose-by-weight (100
ug/kg/cycle) study, the DSN in cycle 1 was 1.7 and 1.8 days for pegfilgrastim and filgrastim, respectively
[46]. Similar results were obtained in the fixed-dose (6 mg/cycle) study (mean DSN in cycle 1 was 1.8
and 1.6 days for pegfilgrastim and filgrastim, respectively [47]). These DSN values were much shorter
than those reported for breast cancer patients receiving the same chemotherapy regimen when G-CSF was
not used (range = 5-7 days [48]), indicating that primary prophylaxis with growth factors is effective in
reducing CIN. The mean DSN in the fixed-dose study was similar across a broad range of patient body
weights (46-132 kg), indicating that a single 6 mg fixed dose of pegfilgrastim does not affect efficacy in
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heavier patients. In both studies, pegfilgrastim was well tolerated and its safety profile was similar to that
of filgrastim.

In these two phase 3 studies, the incidence of FN, a pre-defined endpoint, was 9% vs 18% (p < 0.05 [46])
and 13% vs 20% (p = not significant [47]) for pegfilgrastim and filgrastim, respectively. A combined analy-
sis of the data from these two studies showed that patients given a single injection of pegfilgrastim per cycle
had a significantly lower observed risk of developing EN (relative risk = 0.56, 95% confidence intervals [CI]
=0.35, 0.89, p < 0.05) than those given daily filgrastim [49]) (Figure 2). Overall, only 11% of patients recei-
ving pegfilgrastim developed FN compared with 19% of patients receiving filgrastim, suggesting that peg-
filgrastim may have superior efficacy for the management of neutropenic complications compared with fil-
grastim. These findings warrant further investigation.

The combined analysis also showed a trend
towards lower risk of hospital admission and intra- % prjgf"gtias‘im
.. . . . P ilgrastim
venous anti-infective use in patients receiving peg-
. . . .. . . p=NS
filgrastim than in those receiving filgrastim. 254 P<0.05 p =0.029
T ' 20
20 1 19 18
g
8 154 13
. i~
Anaemia 3 " 0
£ 109
. g
a) Background to anaemia 5 -
An imbalance between the production and destruc-
. [ T T T
tion or loss of red blood cells (RBCs) causes Combined Pegfilgrastim!  Pegfilgrastim?
anaemia. This imbalance reduces the number of analysis (100pokg) (fixed 6 my dose}

RBCs or amount of Hgb in the blood resulting in an
insufficient oxygen-carrying capacity. In healthy
adults, Hgb concentrations range from 14-18 g/dl in
men and 12-16 g/dl in women [51]. Several organi-
sations, including the WHO, the National Cancer

Figure 2. — Comparison of the incidence of febrile neutrope-
nia in phase 3 randomised controlled trials with filgrastim and
pegfilgrastim in breast cancer patients. Adapted from *[49],
(461, $[47].

Permission - European Journal of Hospital Pharmacy, 2002, 2,
56.

Institute (NCI) and many of the major oncology co-

operative groups (e.g. Eastern Cooperative Oncology Group; Southwest Oncology Group; Cancer and
Leukemia Group B; Gynecologic Oncology Group), have defined anaemia and its toxicity grading criteria
[51]. Generally, mild anaemia is a Hgb concentration of 10-12 g/dl, moderate anaemia is a Hgb concentra-
tion of 8-10 g/dl, serious/severe anaemia is a Hgb concentration of 6.5-8 g/dl and life-threatening anaemia
is a Hgb concentration of < 6.5 g/dl.

Anaemia is common in patients with cancer, often resulting from myelosuppressive chemotherapy or
radiotherapy, or as a direct effect of the cancer itself. Several factors contribute to anaemia in patients with
cancer, including type, duration and intensity of chemotherapy, age, infection, histology and stage of tumour,
and other comorbid conditions. The incidence of anaemia in cancer also varies depending on the type of
malignancy. It can be particularly high in women with gynaecological cancers. For example, in a review of
12 centres in Canada, the incidence of anaemia in patients with breast cancer (17%) was higher than those
with colorectal cancer (13%). In women with ovarian cancer the incidence of anaemia was very high (51%)
and similar to rates in patients with lung cancer (52%) and non-Hodgkin’s lymphoma (53%) [52]. The inci-
dence of mild-to-moderate anaemia was similar in patients with metastatic breast cancer (55%) and advan-
ced ovarian cancer (44%), where the incidence of serious/life-threatening anaemia was approximately 13%
and 16%, respectively [51].

The type of chemotherapy can also influence the severity of anaemia in patients with cancer. In early-
stage breast cancer patients (Stage I-III) treated with four cycles of mainly AC, the mean change in
Hgb levels over three months was —2.0 + 1.4 g/dl [53]. Table 1 summarises the incidence of anaemia
in some gynaecological cancers treated with various chemotherapy regimens. Most patients are likely
to experience some degree of symptomatic anaemia, even those treated with the newer chemothera-
peutic agents.
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Table 1. — Incidence and severity of anaemia in patients with Fatigue is the most common symptom of anaemia
gynaecological cancers treated with various chemotherapy  ip patients with cancer. In the USA. a survey of 419
regimens. patients (48% of 282 women had breast/ gynaeco-

Incidence of anaemia

Cancer type Chematherapy (paticnts %) logical cancers) found that 78% suffered fatigue in
Advanced breast cancer* Paclitaxel 36-51 the course of their disease and treatment. Patients
Docetaxel 60-97 also reported that fatigue negatively affected their

Doxorubicin/

docetaxel " daily life, including work, physical and emotional

M - Paclitaxcl 93 (erade 112 well-being and relationships with family and
etastatic breast cancerf acitiaxe 7 ((g%;%; /4)) friends [55]. In a QOL stgdy of patients: with cancer
Docetaxel 97 (grade 1/2) (50% breast/ovarian) using the Functional Asses-

0-14 (grade 3/4)  gment of Cancer Therapy-General scale (FACT-G)

CAFM 217 ((ggr;ﬁe;/%) with additional questions on fatigue and anaemia, a

Advanced ovarian cancerf ~ Carboplatin 66 (grade 1/2) .decrease m I._Ib levels tq <.1.2 g/dL was hpked to
0-26 (grade 3/4) increased fatigue and a significant decrease in QOL

Cisplatin 8 (grade 1/2) [56]. Interestingly, the USA survey highlighted a

‘ o 2(grade 3/) major difference between patients and oncologists

Paclitaxel/cisplatin 588 ((g%iie;/%) in perceptions of fatigue [55]. More patients (41%)

Cisplatin/ than oncologists (5%) thought that fatigue was

cyclophosphamide  32-97 (grade 1/2)  more important to treat than pain, and most onco-
229 (grade 3M) - 1o0ists (94%) thought that pain was more impor-
tant.

There is increasing evidence to suggest that
anaemia can adversely affect patient outcome and
survival. A literature review of 60 papers reported
the survival of patients with cancer according to either Hgb levels or to the presence of anaemia [57].
In the diverse group of cancers studied (including lung, head and neck, prostate and cervical carci-
noma, multiple myeloma, leukaemia and lymphoma), anaemia increased the overall relative risk of
death by 65%. There are also data to suggest that anaemia can compromise patient survival by redu-
cing the anti-tumour activity of radiotherapy and some cytotoxic chemotherapeutic agents. In patients
receiving radiotherapy for head and neck cancers, a 5-year survival rate of 28% was reported in
anaemic patients and 58% in non-anaemic patients (p < 0.0001). The 5-year local tumour control was
21% and 76% in anaemic and non-anaemic patients, respectively (p < 0.0001) [58]. In a recent study
in patients receiving non-platinum chemotherapy for solid or non-myeloid haematological malignan-
cies, there was a reduction in transfusion requirement and an improvement in QOL in patients rando-
mised to receive recombinant human erythropoietin (rHuEPO) [59]. There was a trend to improved
survival (not statistically significant) for the rHuEPO treated group of patients, and the median sur-
vival times were 17 months with rHuUEPO and 11 months with placebo.

Anaemia also has many hidden costs, such as those incurred in the treatment of comorbid conditions, addi-
tional resource/staff time, and time off from work.

*[54]; tAdapted from [51].
CAF-M = cyclophosphamide, doxorubicin, 5-fluorouracil, methotrexate.

b) Undertreatment of anaemia

There are data to indicate that cancer- and chemotherapy-related anaemias are undertreated. In a USA
survey of 3,472 cancer patients (including 42% with breast cancer and 6% with ovarian cancer), a signifi-
cant number of anaemic patients (52-70%) did not receive rHUEPO, a treatment for anaemia [60]. In a
further market research study of over 3,000 cancer patients treated by 60 cancer specialists in five European
countries, approximately 60% of anaemic patients received no treatment for their anaemia in 1998-2000.
For patients with Hgb levels of 10-12 g/dl (mild anaemia), fewer than 15% were treated [61]. Reasons for
non-treatment included lack of recognition, lack of awareness of the incidence of anaemia and its impact,
and limited treatment options.
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c¢) Limitations of current therapies for cancer anaemia

Prior to 1990, the main focus of anaemia management was on treatment for severe anaemia (Hgb con-
centration < 8.5 g/dl) with RBC transfusions [62]. Although transfusions rapidly relieve anaemia, the effects
are transient and do not address the underlying causes. In addition, RBC transfusions are associated with
significant risks, including infections (from the transfer of bacteria, viruses or protozoa), immunosuppres-
sion, allergic reactions and haemolytic transfusion reactions [62]. There are further limitations such as incon-
venience, limited blood supply and time-consuming handling.

Between 1991 and 1997, the main therapeutic focus was still the treatment of severe anaemia, but the intro-
duction of rHuEPO provided a valuable alternative to RBC transfusions. Since 1997, there has been increa-
sing interest in the treatment of mild-to-moderate anaemia, in recognition of its impact on patient QOL.
rHuEPO has been shown to improve QOL and reduce the need for RBC transfusions, although transfusions
are still used to treat severe anaemia and in emergency cases (e.g. severe haemorrhage).

There are limitations to the widespread use of erythropoietic agents to treat anaemia in patients with
cancer. These include cost, limited effectiveness, long response time, no adequate predictors of response,
lack of a clear dose-response relationship and the need for frequent injections and visits [63].

d) Development of darbepoetin alfa

Recombinant DNA technology was used to create darbepoetin alfa (Aranesp®). The development of dar-
bepoetin alfa stemmed from an understanding of the relationship between the number of sialic acid-contai-
ning carbohydrate moieties and the clearance and therefore activity of the erythropoietin molecule. Darbe-
poetin alfa is biochemically distinct from rHuEPO: five amino acids were changed allowing two additional
carbohydrate moieties to be bound to the protein, which increases the sialic acid content (from a maximum
of 14 residues to a possible 22 residues) [64, 65]. Like rHUEPO and endogenous EPO, darbepoetin alfa sti-
mulates erythropoiesis by promoting the proliferation, maturation and differentiation of RBCs. However, the
increased sialic acid content of the darbepoetin alfa molecule results in a three-fold longer serum half-life
than rHuEPO [66, 67], and increased in vivo biological activity [65]. Darbepoetin alfa therefore has the
potential to improve response rates, shorten the time to response and to be given less frequently than
rHuEPO.

Darbepoetin alfa is licensed in the European Union for the treatment of anaemia associated with chronic
renal failure in adults and children 2 11 years of age, and for the treatment of anaemia in adult cancer
patients with solid tumours (non-haematological malignancies) receiving chemotherapy.

e) Clinical experience with darbepoetin alfa

An extensive international clinical programme studied the efficacy and safety of darbepoetin alfa in a wide
range of malignancies (non-myeloid solid tumours and lymphoproliferative malignancies) in patients recei-
ving diverse therapies. Included are phase | and 2 studies, evaluating the pharmacokinetics and the dose-
response relationship of darbepoetin alfa administered at different frequencies (from once a week up to once
every four weeks), and two pivotal phase 3 studies in lung cancer and lymphoproliferative malignancies.
The overall programme includes patients with breast cancer and ovarian cancer. Below is a summary of the
key results from the clinical trials.

Analysis of the data was carried out according to the intent-to-treat principle.

The dose-response relationship of darbepoetin alfa administered once per week (0.5-4.5 pg/kg/week) has
been studied in randomised phase 2 studies in patients with solid tumours [68, 69] or with lymphoprolifera-
tive malignancies [70]. The primary efficacy endpoint was the proportion of patients achieving a haemoglobin
response, defined as an increase in Hgb of at least 2 g/dl from baseline Hgb in the absence of any RBC trans-
fusion in the previous 28 days. Glaspy and colleagues reported a Hgb response ranging from 23% (95% CI =
0-46%) for the 0.5 pg/kg/week group to 76% (95% CI = 59-94%) for the 4.5 ug/kg/week group over the 12-
week treatment period [68, 69]. Patients receiving 1.5 pg/kg/week darbepoetin alfa showed a mean change in
Hgb both after four weeks and after 12 weeks that was comparable to that observed in the tHUEPO control
arm, despite dose increases of rHuEPO (150-300 IU/kg three times per week [TIW]) at week 8 in patients who
showed an inadequate initial response. Darbepoetin alfa doses of 2.25 ug/kg/week and above appeared to be
associated with greater Hgb increases and enhanced efficacy relative to rHUEPO (Table 2).
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Table 2. — Mean change in Hgb with darbepoetin alfa (1.5-4.5

In the study of anaemic patients with lymphoprolife-
ug/kg/week) and rHuEPO (150 IU/kg TIW*). Adapted from

rative malignancies receiving chemotherapy, more

69, s T patients had a Hgb response in the darbepoetin alfa
(150 1U/kg TIW*) 15 225 45 1.0 pg/kg/week (45%), 2.25 pgl/kg/week (55%) and

n 53 35 59 29 4.5 pg/kg/week (62%) groups than in the placebo

Mean change group (10%, p < 0.01) [70]. . .

in Hgb after A pivotal, phase 3, randomised, double-blind,

4 weeks 0.30(0.20) 0.30 (0.19) 0.70 (0.16) 0.90 (0.20) placebo-controlled clinical trial further evaluated the

(g/dl) (SE)

Mean change
in Hgb after
8 weeks
(g/dD) (SE)
Mean change
in Hgb after
12 weeks
(g/dl) (SE)

*Dose increased to 300 IU/kg TIW if inadequate response by week 8.
SE = standard error.
With permission of ONCOLOGY, New York, NY.

efficacy and safety of darbepoetin alfa [71]. Patients
with lung cancer receiving multicycle, platinum-con-
taining chemotherapy were randomised to receive
either darbepoetin alfa (2.25 pg/kg/week, n = 156) or
placebo (n = 158) for 12 weeks. The dose of darbe-
poetin alfa was increased to 4.5 pg/kg/week after six
weeks if patients did not respond (Hgb increase <1
g/dl over baseline). The primary efficacy endpoint
was the proportion of patients requiring a RBC tran-
sfusion from week 5 until the end of the treatment
period. The study confirmed the efficacy of darbe-
poetin alfa 2.25 pg/kg/week, as suggested in the
phase 2 studies. Between weeks 5 and 12, significantly fewer patients receiving darbepoetin alfa required
RBC transfusions than those receiving placebo (27% vs 52%, p < 0.001) (Figure 3). Furthermore, signifi-
cantly fewer patients receiving darbepoetin alfa required RBC transfusions than those receiving placebo (p
< 0.001) throughout the entire treatment period (weeks 1-12).

0.90 (0.30) 1.00 (0.30) 1.20 (0.20) 1.70 (0.30)

1.10 (0.25) 1.10(0.28) 1.30(0.23) 1.90 (0.32)

The proportion of patients achieving a haemato- "
poietic response, defined as an increase in Hgb of at RBC transfusions First RBC transfusion or Hgb < 8 g/dl
least 2 g/dl from baseline Hgb in the absence of any 0
RBC transfusion in the previous 28 days or a Hgb 60 62% *

level of 212 g/dl, was also significantly higher in the 50
darbepoetin alfa group than the placebo group (66%
vs 24%, p < 0.001). Adverse events were similar
between the groups, and there was no evidence of

52% +
4
40 4
304 * 32%
27%

Patients (%)

antibody formation due to administration of darbe- 201
poetin alfa. 10
Several phase 2 clinical trials in patients with solid 0 p<0.001 p < 0.001
tumours haVe demonstrated the efﬁcacy Of darbe_ Placebo Darbepoetin alfa Placebo Darbepoetin alfa
: X R R K n=149 n=148 n =149 n=148
poetin alfa with increased dosing intervals. In
patients with solid tumours receiving chemotherapy  Figure 3. — The incidence of red blood cell transfusions in

(n = 128, 23% with breast cancer and 13% with
gynaecological cancers), darbepoetin alfa was admi-
nistered at 3.0, 5.0, 7.0 or 9.0 pg/kg Q2W for 12
weeks [68, 69]. The minimally effective doses of

patients receiving placebo or darbepoetin alfa from week 5 until
the end-of-treatment phase. This graph shows that darbepoetin
alfa significantly reduces the proportion of patients requiring
RBC transfusion. Adapted from [71].

Permission - Journal of the National Cancer Institute, 2002, 94,
1211.

darbepoetin alfa were 3.0 and 5.0 pg/kg Q2W, with
no increased benefit observed at higher doses. A haematopoietic response was achieved in 66% and 84% of
patients in the 3.0 and 5.0 pg/kg Q2W groups, respectively. In a multicentre, randomised, double-blind,
placebo-controlled study, patients with solid tumours receiving chemotherapy were given darbepoetin alfa
once every three weeks (Q3W; 4.5, 6.75, 9.0, 12.0, 13.5 or 15.0 pug/kg) or once every four weeks (Q4W;
9.0, 12.0, 15.0 or 18.0 pg/kg) or placebo [72]. The proportion of patients with a haematopoietic response
ranged from 51-71% (Q3W) and 49-73% (Q4W). Darbepoetin alfa also has efficacy in treating chronic
anaemia in patients with cancer (non-myeloid malignancies) who are not receiving chemotherapy [73]. In
this study, a haematopoietic response was achieved in 72% and 100% of patients receiving darbepoetin alfa
at 1.0 and 4.5 pg/kg/week for 12 weeks. There was also a haematopoietic response with longer dosing inter-
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vals in 60% of patients receiving darbepoetin alfa at 6.75 ug/kg Q3W, in 61% of patients receiving darbe-
poetin alfa at 6.75 ug/kg Q4W, and in 70% of patients receiving darbepoetin alfa at 10 ug/kg Q4W [73].

To evaluate the relationship between Hgb concentration and QOL, and the effects of treatment for
anaemia, data from two clinical trials [68, 71] were combined (n = 517) [74]. Patients completed the Func-
tional Assessment of Cancer Therapy-Anaemia (FACT-An) questionnaire at baseline and at the end of treat-
ment. Fatigue improved by four points when Hgb concentrations increased by 22 g/dl. Patients’ physical,
functional, emotional well-being, and anaemia symptoms also improved as Hgb concentrations increased
[74]. This suggests that treating anaemia in patients with cancer improves their overall QOL.

The optimal dose and schedule of darbepoetin alfa were explored in a recent clinical trial using a novel
'front-loading’ concept [75]. A scheme of this concept is illustrated in Figure 4.

The aim of this trial was to optimise treatment by
producing higher and faster response rates to darbe-
poetin alfa, and simplifying dosing schedules for
patients and health care professionals. Darbepoetin
Darbepoetin alfa dose alfa was given to patients with solid tumours recei-
ving chemotherapy according to a correction
phase/maintenance phase design. Three groups of
patients were given an initial correction dose of dar-
bepoetin alfa (4.5 pg/kg/week). In one group, when
rHUEPO dose the Hgb concentrations were =12 g/dl, the dose was
reduced to a maintenance dose of 1.5 pg/kg/week (n
= 32). For the other two groups, the dose of darbe-
Figure 4. — Schematic illustration of the front-loading concept. poetin alfa was reduced after four weeks to 2.25

pg/kg/week (n = 30), or 3.0 pg/kg Q2W (n = 30). A
control group (n = 30) received rHuUEPO (40,000 IU/week, increased to 60,000 IU/week in patients with an
inadequate response). The mean change in Hgb at week 4 was 80% greater in patients on darbepoetin alfa
(all groups combined) than in the rHUEPO control group. By week 12, the change in Hgb concentration was
still higher (approximately 30%) with darbepoetin alfa than with rHuEPO, despite the reduction in darbe-
poetin alfa dose. The time to Hgb response appeared to be faster with darbepoetin alfa than with rHuEPO.
Fewer than 50% of the patients on rHuEPO responded, so their median time to Hgb response could not be
estimated. In two of the darbepoetin alfa groups, the median time to Hgb response was seven weeks [75].
Overall, this study showed that darbepoetin alfa correction for four weeks followed by a lower and/or less
frequent maintenance schedule may increase the speed of response and increase the proportion of patients
responding to darbepoetin alfa compared with standard rHuEPO therapy.

Dose

Conclusions

Neutropenia and anaemia are common and serious complications of myelosuppressive chemotherapy.
Haematopoietic growth factors such as filgrastim and rHuEPO provide physicians with a pharmacological
option to manage these conditions in patients with cancer. However, these first generation recombinant pro-
teins have some shortcomings. Understanding the structure-function relationship has aided in the develop-
ment of the novel agents pegfilgrastim and darbepoetin alfa. The long-acting format of pegfilgrastim and
enhanced therapeutic activity of darbepoetin alfa can simplify and optimise the management of neutropenia
and anaemia, respectively.
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