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Abstract

Purpose Febrile neutropenia (FN) during adjuvant che-
motherapy is associated with morbidity, mortality risk,
and substantial cost, and subsequent chemotherapy dose
reductions may result in poorer outcomes. Patients
at high risk of, or who develop FN, often receive pro-
phylaxis with granulocyte colony-stimulating factors (G-
CSF). We investigated whether different prophylaxis
strategies with G-CSF offered favorable value-for-
money.

Methods We developed a decision model to estimate the
short- and long-term costs and outcomes of a hypothet-
ical cohort of women with breast cancer receiving adju-
vant taxotere + cyclophosphamide (TC) chemotherapy.
The short-term phase estimated upfront costs and FN
risks with adjuvant TC chemotherapy without G-CSF
prophylaxis (i.e., chemotherapy dose reductions) as well
as with secondary and primary G-CSF prophylaxis strat-
egies. The long-term phase estimated the expected costs
and quality-adjusted life years (QALYs) for patients
who completed adjuvant TC chemotherapy with or with-
out one or more episodes of FN.
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Results Secondary G-CSF was associated with lower
costs and greater QALY gains than a no G-CSF strat-
egy. Primary G-CSF appears likely to be cost-effective
relative to secondary G-CSF at FN rates greater than
28 %, assuming some loss of chemotherapy efficacy at
lower dose intensities. The cost-effectiveness of prima-
ry vs. secondary G-CSF was sensitive to FN risk and
mortality, and loss of chemotherapy efficacy following
FN.

Conclusions Secondary G-CSF is more effective and less
costly than a no G-CSF strategy. Primary G-CSF may
be justified at higher willingness-to-pay thresholds and/
or higher FN risks, but this threshold FN risk appears to
be higher than the 20 % rate recommended by current
clinical guidelines.

Keywords Breast cancer - Febrile neutropenia - Granulocyte
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Introduction

Breast cancer is the most common cancer in women
worldwide [1]. Most patients present with early-stage
(I-IIT) disease [1] and are treated with curative-intent
surgery followed by adjuvant systemic treatments, in-
cluding chemotherapy, in an attempt to reduce the risk
of cancer recurrence and improve survival outcomes [2].
Adjuvant chemotherapy is associated with a risk of fe-
brile neutropenia (FN), defined as a fever (=38.5 or
>38.0 C for 1 h) associated with a low absolute neutro-
phil count (<0.5x1000/L or <1.0x1000/L with predicted
decrease to <0.5x1000/L) [3]. FN is associated with
significant morbidity, potential mortality, and cost
[4-6] and can lead to chemotherapy delays and/or dose
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reductions that may compromise treatment efficacy and
lead to inferior survival outcomes [7]. Patients who
develop FN are often prescribed granulocyte-
colony stimulating factors (G-CSF) with their subse-
quent chemotherapy cycles, in an attempt to reduce
the risk of further episodes (secondary prophylaxis)
and maintain chemotherapy relative dose intensity
(RDI) [8, 9]. Guidelines also recommend G-CSF from
the first cycle of chemotherapy (primary prophylaxis)
for patients treated with chemotherapeutic regimens as-
sociated with a FN risk of more than 20 % and pa-
tients treated with regimens associated with a 10 to
20 % FN risk in the presence of other risk factors,
such as older age (=65 years), underlying co-morbid-
ities, low baseline neutrophil count, anemia, and abnor-
mal liver function tests [8]. Primary G-CSF is not rec-
ommended for regimens associated with a FN risk of
less than 10 %.

In many countries, including Canada, taxane-based
regimens have become standard adjuvant chemotherapy
strategies [10]. Adjuvant TC, (T, taxotere; C, cyclophos-
phamide) chemotherapy has been shown to be associat-
ed with significant improvements in disease-free surviv-
al (DFS) and overall survival (OS) in a phase III ran-
domized clinical trial compared with AC (A,
adriamycin; C, cyclophosphamide) regimen [11]. Adju-
vant TC, delivered every 3 weeks for 4 cycles, was
associated with a 5 % FN risk in the clinical trial, but
a substantially higher 29 % meta-analytic risk (95 %
confidence interval (CI) 23.8-35.2 %) was later ob-
served among 902 patients from 13 studies outside a
clinical trial setting [12]. As such, current guidelines
would recommend primary over secondary G-CSF pro-
phylaxis for TC chemotherapy [8]. Primary G-CSF pro-
phylaxis for all patients undergoing adjuvant TC chemo-
therapy, however, is an expensive strategy. The Canadi-
an ($) acquisition cost is $1400-$2300 per cycle for
7 days of filgrastim or single dose peg-filgrastim, re-
spectively, or $5600-$9200 per patient over the 4 cycles
of TC chemotherapy.

Given this cost, and uncertainty regarding the base-
line risk of TC-associated FN in the clinical setting, we
developed a decision analytic model to examine the
costs of secondary and primary G-CSF prophylaxis in
the context of their potential benefits, as well as a strat-
egy of dose reduction or delay without G-CSF prophy-
laxis. In particular, the model estimated the cost per
quality-adjusted life year (QALY) gained of each strat-
egy and examined the FN threshold at which primary
G-CSF with TC regimen may be economically justified
compared to a secondary G-CSF strategy.
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Methods
The model

The decision model estimated short- and long-term costs
and outcomes for a hypothetical cohort of women with
breast cancer following curative-intent surgery. The
short-term phase of the model (12 weeks) estimated ex-
pected costs and QALYs following 4 cycles of TC for
each prophylactic G-CSF strategy (primary, secondary,
or none). Possible outcomes, as shown in Fig. 1, includ-
ed (i) completion of therapy with no FN, (ii)) a FN
episode with chemotherapy completion at full or re-
duced doses, (iii) FN-related death, and (iv) death unre-
lated to FN (background mortality). Each FN episode
was associated with treatment-related costs and quality-
of-life (QoL) penalty and could also lead to lower che-
motherapy RDI reflecting potential reductions in chemo-
therapy dose delivery subsequent to a FN event and/or
chemotherapy dose delays. We assumed that chemother-
apy RDI would be reduced in a stepwise manner, to
>85 % (dose —1) following the first FN occurrence in
the primary and no G-CSF strategies or the second FN
event in the secondary G-CSF strategy, and to less than
85 % (dose —2) following a subsequent episode of FN
in all strategies.

The long-term phase of the model estimated disease-
free survival (DFS) over a lifetime horizon, conditional
on chemotherapy effectiveness at the conclusion of the
12-week short-term phase. The long-term phase of the
model was based on a previously published model [13,
14] and began with all patients in a disease-free state
following adjuvant therapy. Patients could experience a
local or distant recurrence or die as a result of state-
specific or background mortality. The data sources for
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Fig. 1 Model schematic
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the overall model are detailed below and in Table 1.
Key model assumptions are outlined in Box 1.
Box 1: key assumptions

1. No cancer recurrences would occur beyond year 15.

2. No background mortality was assumed during the 12-week chemo-
therapy phase of the model.

3. Two-thirds of all incident FN cases would occur during the first che-
motherapy cycle [12].

4. FN episodes were assumed to last for 7 days.

5. The relative risk (RR) of FN is dependent on both G-CSF use and the
chemotherapy RDI.

6. The combined effects of G-CSF and reduced dose intensity on the RR
of FN were multiplicative. Such combinations occur if a patient has an
episode of FN while receiving primary or secondary G-CSF.

7. The relative reduction in the risk of FN with primary or secondary G-
CSF (HR 0.24; 95 % CI 0.14, 0.41) is constant regardless of chemo-
therapy dosage.

8. The RR of FN associated at dose —2 is comparable to prophylactic G-
CSF, and the RR at dose —1 is midway between that at full dose and
dose —2. As the primary analysis assumed no loss of chemotherapy
efficacy at dose —1 dose, it would have been counterintuitive to assume
that dose —1 would be associated with a similar FN risk as secondary
G-CSF.

9. The primary analysis assumed that completion of chemotherapy at
dose —1 dose (RDI >85 %) would not negatively impact survival
outcomes, but completion at dose —2 reduces the relative effectiveness
of chemotherapy and increases the risk of cancer recurrence [15].

Event probabilities

The baseline rate of FN with adjuvant TC in the absence of G-
CSF (29.1 and 95 % CI 23.8 and 35.2 %) was derived from a
recent meta-analysis of FN following TC chemotherapy out-
side of a clinical trial setting [12]. The relative risk (RR) of FN
was based on the reduction in the risk of FN given prophylac-
tic G-CSF and/or reduced chemotherapy dose intensity. The
RR of FN with primary or secondary G-CSF and full chemo-
therapy dose (RR=0.24; 95 % CI 0.14, 0.41) was derived
from the same meta-analysis, with a number of assumptions
(see Box 1) required to compute FN risk at dose —1 and —2
with and without G-CSF (Table 2). A breast cancer-specific
estimate of FN mortality (1.4 %) was derived from the litera-
ture [12].

Non-parametric estimates of natural history recurrence
rates over the first 15 years of the long-term model were de-
rived from a large meta-analysis of adjuvant systemic thera-
pies in breast cancer [16]. The relative DFS benefit with full-
dose adjuvant TC was derived from the relevant clinical trial
[11] and from Adjuvant! Online [17]. The potential impact of
dose reductions on chemotherapy effectiveness and risk of
cancer recurrence was derived from a study by Chirevella

et al. [15], which reported that DFS among patients complet-
ing chemotherapy at RDI greater than 85 % was 1.57 times
greater than that of patients treated with a RDI less than 85 %.
The inverse of this ratio was used to adjust the risk of cancer
recurrence at dose —2. We assumed no loss of chemotherapy
efficacy at dose level —1 for the base case analysis, and this
assumption was tested in a sensitivity analysis.

Costs and utilities

We adopted a third-party, direct-payer cost perspective.
The drug acquisition cost per course of G-CSF was
based on the 2013 Nova Scotia formulary reimburse-
ment prices for Neupogen® and Neulasta®, accounting
for differences in the dosing schedules. The baseline
analysis used the lower cost alternative (Neupogen) ad-
ministered for 7 days based on a 1:4 mix of higher and
lower standard vial doses (20 % 480 pg vs. 80 %
300 pg dose). As per a recent Canadian study [18],
we assumed that the initial G-CSF injection would be
delivered by a home care nurse and that 6 % of patients
would require on-going home care support. Given the
large variation in G-CSF administration practices in
Canada, and the potential for future changes in G-CSF
acquisition and administration, we also tested the impact
of higher and lower G-CSF costs in a one-way sensitiv-
ity analysis. The costs of FN hospitalization were de-
rived from a Canadian cost study [6]. The cost of che-
motherapy was based on local costs at the Queen Eliz-
abeth II Health Sciences Centre, Halifax, Canada, and
included chemotherapy drug acquisition (assuming a
body surface area of 1.7), administration, supportive
medications, laboratory and diagnostic testing, and hu-
man resources. Drug acquisition cost was adjusted for
dose reductions (dose —1 or —2). The costs of treating
cancer recurrences were derived from a Canadian model
of cancer costs [19]. As in our previous work, other
health state costs, including adverse events, were de-
rived from the literature [14, 20]. All costs were con-
verted into monthly or one-time event-driven costs and
adjusted to 2014 Canadian dollars using the Statistics
Canada Consumer Price Index health component [21].

Each health state in the model was also associated with a
quality weight, or utility, which was derived from the Center
for the Evaluation of Value and Risk in Health Cost-
Effectiveness Analysis Registry [20].

Sensitivity analyses

We performed a probabilistic sensitivity analysis which
allowed all the parameters in the model to vary simultaneously
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Table 1 Key model parameters and probability distributions
Parameter Mean Std dev Distribution Source
Structural parameters
Discount rate, costs 3% — Fixed
Discount rate, outcomes 3% — Fixed
Age at entry to model 51.67 10.21 Triangle (27, 51, 77) [12]
Febrile neutropenia
Baseline FN risk 29.10 % 291 % Beta [12]
FN mortality 143 % 0.80 % Log-normal [12]
RR (FN) | G-CSF 0.20 0.04 Beta/beta [12]
RR (recurrence) | FN dose —2 1.55 0.05 Beta/beta [15]
Proportion of FN cases at cycle 1 67 % 5% Beta [12]
Breast cancer
10-year recurrence rate | NH 39.05 % 0.40 % Beta by year [16]
10-year recurrence rate | TC 22.02 % 331 % Non-parametric [16]
Costs
G-CSF per cycle $1483 $371 Log-normal Personal communication,
Marlene Sellon, QEII HSC
Proportion requiring on-going home care administration 59 % 4.0 % Beta [18]
TC adjuvant chemotherapy cost $3223 $806 Log-normal Personal communication,
Marlene Sellon, QEIl HSC
FN episode $7077 $5337 Log-normal [6]
Utilities
Disease-free 0.900 0.030 Beta [26]
Chemotherapy with TC 0.739 0.044 Beta
Ist local cancer relapse 0.700 0.046 Beta
2nd local cancer relapse 0.500 0.050 Beta
Well after local cancer 0.900 0.030 Beta
Distant cancer relapse 0.600 0.049 Beta
Febrile neutropenia 0.470 0.050 Beta

according to specified probability distributions (see Table 1).
These probabilistic results were used to generate 95 % confi-
dence intervals (ClIs) and a cost-effectiveness acceptability
frontier (CEAF) which illustrated the economically preferred
strategy over a range of possible willingness-to-pay thresholds

Table 2 FN risk by G-CSF strategy and chemotherapy dose intensity

G-CSF strategy Relative risk (RR) of FN by chemotherapy dose

intensity

RR, full dose
(100 % RDI)

RR, dose —1
(85-99 % RDI)

RR, dose —2
(<85 % RDI)

No G-CSF 1.00 0.60' 0.20
Secondary G-CSF  0.20* 0.12° 0.04°
Primary G-CSF~ 0.20 0.12? 0.04°

! Midpoint between full dose and —2 dose [i.e., (1.00+0.20)/2]

2RR with G-CSF x RR at dose —1 [i.e., 0.20x0.60]

3RR with G-CSF x RR at dose —2 [i.e., 0.20%0.20]

4RR of FN with G-CSF prophylaxis at full dose after prior FN episode

@ Springer

while accounting for uncertainty in multiple parameters. We
also performed a series of one-way and two-way sensitivity
analyses to test the impact of changes in key parameters and
assumptions.

Our base case scenario used a 29 % FN rate and incorpo-
rated FN-related quality-of-life (QoL) penalties and increased
mortality risk, as well as reduced chemotherapy effectiveness
for patients with FN treated at dose level —2. Consistent with
previous economic evaluations of G-CSF in breast cancer
[22-25], we assumed that there would be no loss of chemo-
therapy effectiveness at —1 dose or following FN episodes
without a dose reduction. We tested a number of other alter-
native scenarios, including a 24 % baseline FN rate to conform
more closely with two previous evaluations of primary vs.
secondary G-CSF [22, 25], as well as the 20 % threshold rate
for recommending primary G-CSF in current clinical guide-
lines [8].

We also tested the sequential impact of incorporating var-
ious potential benefits of G-CSF prophylaxis. We started from
a conservative perspective where the only impact of FN was in
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terms of cost and QoL penalties during each 7-day episode
and on chemotherapy effectiveness only if FN led to chemo-
therapy dose adjustment to —2. We sequentially expanded this
impact to include some loss of chemotherapy effectiveness at
dose —1 (assuming a recurrence risk midway between full
dose and dose —2, or a 50 % penalty), and some loss of effec-
tiveness at a full dose following any FN episode (assuming a
recurrence risk midway between full dose and dose —1, or a
25 % penalty) to account for the potential impact of delays in
chemotherapy without any dose reductions. Finally, we tested
the impact of reduced FN-related mortality with G-CSF, with
and without a loss of chemotherapy effectiveness following
any FN episode.

Results

The base case results for each G-CSF strategy are summarized
in Table 3. With a 29 % baseline FN rate, a secondary G-CSF
strategy tended to be cost-saving (Acost=—$217; 95 % CI
—$655, $51 per patient) and slightly but significantly more
effective in terms of expected lifetime QALYs per patient
(AQALYs=0.02; 95 % C1 0.01, 0.04) than a no G-CSF strat-
egy. Relative to secondary G-CSF, the primary G-CSF strate-
gy was associated with an incremental cost of $4380 (95 % CI
$912, $5807) and a small but significant lifetime QALY gain
0f 0.05 QALY (95 % CI: 0.01, 0.11), for an incremental cost
of $94,327 per QALY gained. The CEAF in Fig. 2, which
accounts for simultaneous uncertainty in the parameters, sug-
gests that primary G-CSF would only be preferred to a sec-
ondary prophylaxis strategy at a willingness-to-pay greater
than the commonly cited $50,000 and $100,000 per QALY
gained thresholds.

Sensitivity analyses

The results of the one-way sensitivity analyses (Fig. 3), which
illustrate the impact of a proportional change in each parame-
ter, suggest that cost-utility was most sensitive to changes in
baseline FN risk, mortality, and the price of G-CSF. Chemo-
therapy characteristics, including price and relative effective-
ness, had relatively little impact. A baseline FN risk of 24 %
rather than 29 % increased the cost per QALY gained of pri-
mary relative to secondary G-CSF to $119,518, while using

Table 3  Summary of base case costs and outcomes by G-CSF strategy

the 20 % risk recommended by current guidelines increased
the cost per QALY to $151,968.

The scenarios considering the sequential impacts of FN
(Appendix Table) demonstrated that the cost-effectiveness of
primary vs. secondary G-CSF, but not secondary vs. a no G-
CSF strategy, was sensitive to a reduction of chemotherapy
efficacy following any FN event, as well as the impact of FN-
related mortality. If the impact of FN is limited to QoL penal-
ties and decreased chemotherapy effectiveness at dose level
—2, the cost per QALY gained with a primary vs. secondary G-
CSF strategy was $8.4 million. If there is also some loss of
chemotherapy effectiveness at dose —1, primary G-CSF was
dominated by the secondary strategy. If the impact of FN
included some loss of effectiveness following any FN event
(e.g., if all FN episodes were associated with significant dose
delays leading to impaired chemotherapy efficacy), the cost-
utility of primary G-CSF improved to $168,524 per QALY
gained. Finally, the cost per QALY gained of primary vs.
secondary G-CSF improved further to $61,030 when incorpo-
rating all potential FN impacts, including QoL penalties, FN-
related mortality, and some loss of chemotherapy effective-
ness following any FN event.

The minimum risk of FN necessary to achieve a cost per
QALY gained of less than $100,000 was highly sensitive to
the assumed relative effectiveness of chemotherapy following
chemotherapy dose reductions or delays. Assuming a reduc-
tion in effectiveness at dose —2 (the base case), the threshold
FN risk was 28 %. If there was also a 50 % loss of effective-
ness at dose —1 relative to dose —2 (i.e., the negative impact of
dose —1 on chemotherapy effectiveness is half that assumed
for dose —2), the threshold FN risk increased to 32 %. This
counterintuitive result will be discussed below and reflects a
higher proportion of patients in the primary vs. secondary
strategy who completed chemotherapy at a reduced —1 dose
(Appendix Table). A further 25 % relative loss of effectiveness
following any FN event (i.e., the negative impact of dose
delays following FN event on chemotherapy effectiveness is
25 % of that assumed for —2 dose) improved this threshold to
22 %.

Discussion

Our primary analysis, based on a 29 % expected FN rate in the
absence of primary G-CSF prophylaxis, suggested that a

G-CSF strategy Cost per patient (95 % CI)

QALYs per patient (95 % CI)

FN deaths per 1000 Recurrent BrCa per 1000

No G-CSF $32,080 ($22,963, $43,108) 13.15 (7.88, 16.66)
Secondary G-CSF $31,863 ($27,456, $46,260) 13.17 (7.89, 16.70)
Primary G-CSF $36,245 ($22,723, $42,710) 13.22 (7.92, 16.75)

4770 (1.44, 11.66)
434 (1.34, 10.76)
0.87 (0.24,2.32)

341.6 (265.3, 430.5)
339.2 (261.4, 430.0)
340.5 (262.6, 431.4)
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strategy of secondary G-CSF was less costly and more effec-
tive in terms of QALYs gained than a no G-CSF strategy.
Primary G-CSF did not appear to be cost-effective relative
to secondary G-CSF at willingness-to-pay thresholds much
less than $100,000 per QALY gained. Critically, sensitivity
analysis suggested that the minimum FN risk necessary to
meet a $100,000 threshold was substantially higher than the
20 % currently recommended by clinical guidelines [8] if the
benefits were limited to improved QoL, reduced FN-related
mortality, and preservation of chemotherapy effectiveness by
maintaining a treatment RDI >85 %.

These results appear consistent with two evaluations from
other jurisdictions that have compared primary and secondary
prophylactic G-CSF strategies in breast cancer. Ramsey et al.
[22] reported a cost of US $116,000 per QALY gained with
primary G-CSF based on a higher price and a lower baseline

Fig. 3 One-way sensitivity
analysis

$50,000

$100,000 $150,000 $200,000 $250,000

FN risk than we used in our base case (24 vs. 29 %), but this
result was quite similar to our sensitivity analysis using a com-
parable FN risk. Using the same FN risk as Ramsey et al., Whyte
et al. [25] reported a cost of £26,824 per QALY gained for
primary G-CSF and estimated that the threshold FN risk neces-
sary to meet a £30,000/QALY threshold was 29 %; comparable
to our estimate of 28 % to meet a $100,000/QALY threshold.
Together, our base case results and these previous evaluations
suggest that primary G-CSF does not provide reasonable value
for money relative to secondary G-CSF when judged against
common cost-effective thresholds (CDN/US $50,000-100,000
or £20,000-30,000 per QALY gained) at the 20 % FN threshold
currently recommended by practice guidelines.

To our knowledge, this is the first evaluation in breast cancer
to explicitly test the impact of varying chemotherapy effective-
ness following a FN episode, with or without subsequent

Baseline risk of FN [+50%, -50%]

FN mortality [+50%, -50%]

G-CSF cost per dose [-50%, +50%]

Cost of treating FN [+50%, -50%]

RR of FN with G-CSF [-50%, +50%]

Cost of chemotherapy [-50%, +50%]

RR of cancer recurrence with TC [-50%, +50%]

Utility of FN [-50%, +50%]
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chemotherapy dose reductions. Our analysis shows that the cost-
effective FN threshold is influenced by chemotherapy effective-
ness at lower RDIs and/or following dose delays. While a reduc-
tion in chemotherapy efficacy following significant dose reduc-
tions (dose —2 or RDI <85 %) have been previously demonstrat-
ed [15], it remains unclear if there is also loss of efficacy at the —1
dose (=85 % RDI) or following any FN episode regardless of
subsequent dose (e.g., due to treatment delays). Previous evalu-
ations of G-CSF in breast cancer [22-25] have implicitly as-
sumed that there is no loss of effectiveness at dose level —1,
consistent with Chirevella et al. [15]. Our sensitivity analysis
suggested that the minimum FN risk for primary G-CSF to be
cost-effective relative to secondary G-CSF was higher than the
baseline 28 % threshold noted earlier if there was a greater risk of
cancer recurrence among patients treated at dose level —1. Under
a primary G-CSF strategy, all patients who develop FN would
receive their next chemotherapy cycle at dose level —1. Under a
secondary strategy, patients who develop FN would receive G-
CSF and be maintained at the planned chemotherapy dose with
subsequent cycles, unless there was a second FN event. Overall,
we observed a smaller proportion of patients reaching —1 dose
levels, and correspondingly higher proportions maintaining full
chemotherapy dose, in the secondary compared to the primary
G-CSF strategy (Appendix Table). Conversely, the cost-effective
FN threshold was lower than the baseline 28 % under the as-
sumption of reduced chemotherapy effectiveness following any
FN event. Our analysis showed that primary G-CSF was a cost-
effective strategy compared to secondary G-CSF at a 22 % FN
threshold under the assumptions of reduced FN mortality, and
some reduction in chemotherapy effectiveness following any FN
event, with or without subsequent dose reductions.

The primary driver of G-CSF benefit in the model, howev-
er, appeared to be FN-related mortality avoided and not the
maintenance of chemotherapy RDI, as illustrated by the im-
pact of excluding FN mortality in a sensitivity analysis. As
shown in Table 3, the expected number of cancer recurrences
was only slightly improved by a primary or secondary G-CSF
strategy, as more than 96 % of the patients in the no G-CSF
strategy still finished therapy at full dose or dose —1 and were
not at increased risk of cancer recurrence under the assump-
tions of the base case analysis. Conversely, although the ab-
solute number of FN-related deaths was small in all three
strategies, the proportional differences in QALY due to FN
mortality between strategies were substantial. In the absence
of FN mortality reduction by G-CSF, primary G-CSF would
only be a cost-effective strategy relative to secondary G-CSF
if all FN events were associated with a loss of chemotherapy
efficacy (e.g., due to dose delays) regardless of subsequent
chemotherapy dosages. As such, the value for money for pri-
mary vs. secondary G-CSF must be examined within the con-
text of these plausible but uncertain assumptions.

Our study, like others [22-25], was limited by the need for
assumptions about the potential impact of FN and G-CSF on

chemotherapy effectiveness, as well as the assumed reduction
in FN mortality with G-CSF. Clinical research investigating
the dose-response relationship over a continuous range of che-
motherapy RDIs would be valuable in addressing this ques-
tion. Our evaluation was also specific to the TC regimen, but
sensitivity analyses suggested that cost-utility estimates were
not particularly sensitive to chemotherapy price or relative
effectiveness.

In summary, our evaluation suggests that secondary pro-
phylaxis of FN with G-CSF is economically preferred to a no
G-CSF strategy and that primary G-CSF may be justified over
a secondary strategy at higher FN risks and higher
willingness-to-pay thresholds. Most importantly, the threshold
FN risk necessary to meet a cost-effective threshold of $100,
000 per QALY gained, even with the lowest cost G-CSF op-
tion, appeared to be higher than the 20 % rate recommended
by current clinical guidelines under most of the scenarios test-
ed here. Critically, however, the cost-effectiveness of primary
vs. secondary G-CSF appears to be dependent on a number of
implicit and/or untested assumptions, such as FN mortality
avoided with G-CSF, and relative chemotherapy efficacy fol-
lowing an episode of FN. Further clinical research is required
to ascertain the true benefit of primary G-CSF and its value for
money in FN prophylaxis.
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