Evidence supports the use of
primary colony-stimulating
factors in elderly patients
receiving moderately intensive
chemotherapy for potentially

curable malignancies.
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Background: Neutropenia and its complications represent the major dose-limiting toxicity of cancer
chemotherapy, especially in the elderly. Hematopoietic growth factors have been shown to reduce the severity and
duration of febrile neutropenia (FN) and to sustain chemotherapy dose intensity.

Methods: A systematic review was undertaken of studies of the relationship between age and the risk of
neutropenia and its complications. Recent studies of the “Awareness of Neutropenia in Chemotherapy Study
Group” related to the impact of age on neutropenic complications are also summarized.

Results: The risk of FN associated with standard regimens increases with age and appears to be greatest during
the first cycle of chemotherapy. FN continues to have a considerable clinical, economic, and quality-of-life
impact on affected individuals. The risk of mortality associated with hospitalization with FN also increases
with age but is largely associated with the higher rate of comorbidities observed in the elderly population.
Despite increasing evidence that elderly patients experience similar benefit from cancer chemotherapy, reductions
in dose intensity often compromise response rates and long-term survival. The hematopoietic growth factors
reduce the risk of neutropenic events and the need for reduced dose intensity in elderly cancer patients. Primary
prophylaxis with colony-stimulating factors (CSFs) reduces the risk of FN and its complications in elderly
patients receiving moderately intensive systemic chemotherapy for responsive malignancies. CSFs also appear
to reduce cost and improve quality of life in selected elderly patients receiving chemotherapy.

Conclusions: Primary prophylaxis with CSFs should be considered in elderly patients with responsive and
potentially curable malignancies who receive moderately intensive chemotherapy.
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Introduction

The risk of cancer rises progressively with increas-
ing age, with approximately 80% of all cancers occur-
ring in individuals over 60 years of age.* Cancer in the
elderly raises numerous important issues that must be
considered in clinical decision-making and healthcare
policy formation.?® Aging is associated with a progres-
sive decline in the functional reserve of the bone mar-
row as well as other organ systems.* Myelosuppression
represents the most common dose-limiting toxicity
associated with systemic cancer chemotherapy.

The hematopoietic growth factors including gran-
ulocyte colony-stimulating factors (G-CSFs) and granu-
locyte-macrophage colony-stimulating factors (GM-
CSFs) reduce the severity and duration of neutropenia
and associated infectious complications such as febrile
neutropenia (FN).> A recent meta-analysis of random-
ized, controlled trials of the use of prophylactic G-CSF
in patients receiving cancer chemotherapy has con-
firmed its effectiveness across disease entities and treat-
ment regimens.® This article summarizes the evidence
that severe and febrile neutropenia has major clinical,
economic and quality of life effects on elderly cancer
patients receiving systemic chemotherapy. In addition,

evidence supporting the efficacy and safety of the
CSFs in elderly cancer patients receiving chemothera-
py is reviewed and updated with recent studies con-
ducted under the auspices of the Awareness of Neu-
tropenia in Chemotherapy Study Group. Finally, evi-
dence is provided based on clinical,economic and qual-
ity of life considerations for the use of G-CSF as prima-
ry prophylaxis of severe and febrile neutropenia in
elderly cancer patients receiving moderately intensive
systemic chemotherapy.

Age and the Risk of Severe and
Febrile Neutropenia

Aging is associated with a progressive restriction in
functional, medical, cognitive, emotional, nutritional,
and socioeconomic domains due to a loss in the func-
tional reserve of multiple organ systems, increased
prevalence of comorbidities and polypharmacy, more
limited social support, reduced ability to process new
information and to adapt to environmental changes,
and reduced income. The prevalence of age-related
changes including functional dependence, comorbidity,
and the risk of chemotherapy-related toxicity increase
more rapidly after age 70.7® Comorbidities may be

Table 1. — Neutropenia, Febrile Neutropenia, and Treatment-Related Death
in Older Patients With Non-Hodgkin’s Lymphoma Treated With CHOP-like Regimens*

Author No. Regimen
of Patients
Zinzani et al*° 72 VNCOP-B
Tirelli et al*t 60 VMP
60 CHOP
Bastion et al*2 226 CTVP
O'Reilly et al*® 63 P/DOCE
Bertini et al4 54 P-VEBEC
Armitage and Potter?® 20 CHOP
Osby et al'® 104 CHOP
100 CNOP
Zagonel et al* 11 CHVmP/VB
Total 770 All

* All patients received GM-CSF prophylactically.
** First cycle results only.

VMP = etoposide, mitoxantrone, and prednimustine
CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone
CTVP = cyclophosphamide, pirarubicin, vincristine, and prednisone

CNOP = cyclophosphamide, mitoxantrone, vincristine, and prednisone

NR = not reported

Age Neutropenia Febrile Treatment-
(%) Neutropenia Related
(%) Deaths (%)
60+ 56 21 0
70+ 51 3 3
70+ 47 5 2
70+ 15** NR 15
65+ 50 20 8
65+ 46 9 2
70+ NR NR 30
60+ 89 50 5)
60+ 86 50 1
60-70 28 16 0
60+ 49.6 27.1 6.9

VNCOP-B = cyclophosphamide, mitoxantrone, vincristine, etoposide, bleomycin, and prednisone

P/DOCE = epirubicin or doxorubicin, vincristine, cyclophosphamide, etoposide, and prednisone
P-VEBEC = epirubicin, cyclophosphamide, etoposide, vinblastine, bleomycin, and prednisone

CHVmP/VB = cyclophosphamide, doxorubicin, teniposide, prednisone, vincristine, and bleomycin
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associated with reduced life expectancy as well as with
reduced tolerance of particular treatments.

A number of clinical and experimental observa-
tions suggest an age-related reduction of hematopoiet-
ic stem cells in humans, including a progressive restric-
tion in hematopoietic tissue with age that is associated
with an increased mortality from infection.® While
there is evidence for a decline in hematopoietic
reserve with age, this decline becomes clinically rele-
vant only under conditions of stress. An increased inci-
dence of neutropenia and FN as well as thrombocy-
topenia following systemic chemotherapy has also
been reported.

The risk of neutropenia as well as its duration and
severity has been shown to increase with the age, par-
ticularly after age 70. The risk of severe neutropenia in
studies of elderly patients with non-Hodgkin’s lym-
phoma (NHL) treated with modern chemotherapy reg-
imens has ranged from 15% to 89%, averaging 50%
across all studies (Table 1).1%7 The risk of FN ranged
from 3% to 50%, averaging 27% across all studies. Final-
ly, the risk of treatment-related mortality ranged from O
to 30%, averaging 7% across all studies. Across these
clinical trials, the response rate to moderately aggres-
sive chemotherapy appeared comparable to that
achieved in younger patients, with complete remission
rates ranging from 46% to 67% and median survivals of
3 to 5 years. In arecent study, the addition of rituximab
to CHOP chemotherapy increased complete remission
rates and median disease-free survival in elderly
patients with NHL.'® While not explicitly reporting on
FN, fever and infection represented the major serious
toxicities in patients with these reg-

ical consequences of FN, including death. In a recent
study of 1,243 community practices, risk factors for
FN were assessed in 20,799 women receiving various
adjuvant breast cancer chemotherapy regimens.20:2!
The risk of FN for various chemotherapy regimens
among women aged 65 and over ranged from 5% to
23% (Fig 1). Increasing age was a significant indepen-
dent predictor in multivariate model of risk of FN
across a number of adjuvant breast cancer treatment
regimens. Patients over 65 years of age experienced
nearly twice the rate of reduced dose intensity in mul-
tivariate analyses after adjustment for the type of reg-
imen that was utilized. In a recent prospective study
of 729 women started on adjuvant chemotherapy for
early-stage breast cancer, the decision to begin growth
factor support was determined on the basis of the
first-cycle absolute neutrophil count (ANC) nadir.??> If
the first-cycle ANC was <500 cells/mm3, women were
given prophylactic G-CSF for all subsequent cycles,
whereas all other patients received growth factor sup-
port only if a neutropenic event actually occurred. In
further analysis of these data, pretreatment factors
predictive of first-cycle hematologic toxicity included
age over 65, white race, use of an anthracycline-
containing regimen, body surface area less than 2 M?,
and low baseline ANC.?® Significant predictors of sub-
sequent neutropenic complications including FN
were age 65 years or greater and first-cycle events
including ANC nadir, FN, and a drop in hemoglobin by
1 g/dL or more. While the risk of FN increases pro-
gressively as the number of risk factors increases, the
presence of one or more risk factor is associated with
a significantly higher cumulative risk over the course
of treatment (Fig 2).

imens. The treatment protocol
called for G-CSF support after
episodes of severe or febrile neu-
tropenia and was required in 37% 201
by the fourth cycle and 43% by the
eighth cycle.'8

25+
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risk factors for the occurrence of
FN or its consequences in those
with established FN have been
reported. A systematic review of
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published studies of risk models for 0 n n
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and 115 consequences has n=6870 n=515 n=33 n=4049 n=9061 n=271

recently been published.*® Virtually o

every study of risk factors for neu-
tropenic complications in patients
receiving cancer chemotherapy has
identified increasing age as a signif-
icant independent predictor of
severe neutropenia or serious med-
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Fig 1. — Frequency of FN in approximately 20,000 women with breast cancer receiving various adju-
vant chemotherapy regimens from a large practice-based survey.? The risk of FN was generally
greater in older women (black bars) than in younger women (gray bars). AC = doxorubicin +
cyclophosphamide, ACT = doxorubicin + cyclophosphamide followed by paclitaxel, ATC = doxoru-
bicin + cyclophosphamide + docetaxel, CAF = cyclophosphamide + doxorubicin + 5-fluorouracil, CMF
= cyclophosphamide + methotrexate + 5-fluorouracil, SEQ = sequential agents.

Cancer Control 489



» .67

(=

= Score

S ] Agesss

= 1st Cycle ANC Nadir < 500/mm3

§ 1st Cycle FN -

&) . 1st Cycle Hgb Decrease > 1 g/dL Risk Score = 1

@ 47 3

=

)

o

e

E o _

) o

=

Y—

§ 2 Risk Score <1

wn

x 4 ’ b 1

)

E 1

]

E + P <0001

E ]

O .00 1 I T T T T T 1
0 1 2 & 4 5 6 7 8

CHOP therapy for NHL over the
age of 65. The major difference in
risk of the initial episode of FN in
older patients is observed during
the first cycle of CHOP chemo-
therapy (Fig 3).

Age and the Risk of
Medical Complications
of Febrile Neutropenia

Recent studies have demon-
strated that the risk of serious
medical complications including
death is greater among elderly
cancer patients receiving chemo-
therapy than in younger patients,

Cycles to First Neutropenic Complication

even after adjustment for severe
burden of illness, complexity of

Fig 2. — Actuarial plot of the time to first subsequent neutropenic complication in women receiving
adjuvant systemic chemotherapy for early-stage breast cancer. A risk score was generated based on
four independently significant factors: age =65 years, first-cycle events including an FN episode, ANC
<500/mmé3, and a decrease in hemoglobin >1 g/dL. Shown are the cumulative risk of subsequent neu-
tropenic events in those with no risk factors and those with one or more risk factors (P<.0001).%

Age and the Timing of Severe and
Febrile Neutropenia

The risk of a neutropenic event including FN is
not uniformly distributed across treatment courses.
The risk of FN with each cycle depends on dose inten-
sity, age, growth factor usage, and prior

infection, uncontrolled cancer, or
neutrophil counts on admission.
Age was a significant predictor of
serious medical complications,
including death, among patients
with FN evaluated by the Multina-
tional Association for Supportive Care in Cancer scor-
ing system.?¢ In this multinational study of more than
1,100 episodes of FN from 15 countries, analysis of 339
episodes in patients with solid tumors, excluding mar-
row/stem cell transplants and patients receiving thera-
peutic CSF, demonstrated that age over 60 was a signif-

treatment. Thus, in patients continu-
ing to receive full dose intensity, the
risk may increase with each subse-
quent cycle, with the greatest risk for
those who have experienced FN on a
previous cycle. However, the risk of
the initial FN event appears to be
greatest during the first one or two
cycles of chemotherapy. The risk of
initial FN in 577 patients with NHL
receiving cyclophosphamide, doxoru-
bicin, vincristine, and prednisone

.04

Hazard Rate
2
L

Age > 65 years

P =.0002

(CHOP) chemotherapy demonstrated
that 58% of patients destined to expe-
rience one or more episodes of FN do
so during the first cycle of CHOPR.2425
Risk factors for early FN event includ-
ed age, low hemoglobin, patients with 0
heart or renal disease, planned dose
intensity >80%, and the failure to pro-

Age < 65 years

20 40 60 80 100 120 140
Days to First FN Episode

vide primary G-CSF prophylaxis. We
have recently reported a doubling of
the risk of FN in patients receiving  years (P=.0002).2*
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Fig 3. — Hazard plot of the time (in days) to the first episode of FN in 577 patients with non-
Hodgkin’s lymphoma treated with CHOP chemotherapy stratified by age 65 and over vs under 65
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had a solid tumor, 26% had lym-
phoma, and 21% had leukemia. As
shown in Fig 4, the distribution of
length of stay among the 14,741
patients over the age of 65 is
skewed to the right, with a median
length of stay of 6 days but a mean
of 10.7 days in this population.
Longer lengths of stay were associ-
ated with more frequent comor-
bidities, complications, and mortal-
ity. Hospital mortality increased
progressively with increasing age
(Fig 5). As shown for the popula-
tion as a whole, the cost of caring
for FN among patients age 65 and
older increased over the 6 years of
observation from $1,275 (US) per
day to over $1,700 per day, with
the total cost per episode of FN

50 55 60

Fig 4. — Frequency distribution of the length of stay (in days) among adult cancer patients age 65 and
over (excluding bone marrow transplantation patients) hospitalized for FN in institutions reporting to

the University HealthSystem Consortium, 1995-2000.%

icant risk factor for risk of serious medical complica-
tions in multivariate analysis (odds ratio [OR] = 4.36;
P<.004).

In a recent study of more than 55,000 episodes of
FN reported to the University HealthSystem Consor-
tium over a 6-year period, associated mortality was
significantly increased among those age 65 and older
(OR = 1.55 [1.45, 1.65]; P<.001).?” Thus, the conse-
guences of severe and febrile neutropenia in older
individuals may be devastating, leading to early death
or serious illness associated with functional depen-
dence requiring prolonged and costly

increasing approximately 25% over
this time period (Fig 6).

Age and Reduced Chemotherapy
Dose Intensity

In the community-based study of 20,799 women
receiving various adjuvant breast cancer chemotherapy
regimens discussed above, older women were also more
likely to experience significant reductions in dose inten-
sity relative to either target dose intensity or published
reference standards with these regimens.?°?* The pro-
portion of women receiving less than 85% of reference
standard dose intensity was 53% for those less than 65
and 67% in those age 65 and over (Fig 7). In fact, nearly

rehabilitation.
16.0
Age and the Cost of 1409
Febrile Neutropenia g 1204
) o L 1004
The major economic impact of neu- o
tropenic complications is the cost associ- =
ated with hospitalization and the ensuing S 6.0-
length of stay. Economic studies of FN in g e
the multiple institutions reporting dis- '
charge data to the University HealthSys- ey
tem Consortium including 115 academic 0.0
medical centers have been reported.?82° A
total of 55,276 episodes of FN in 41,779
adult non-transplant patients have been

8.0 -

% Episodes  [J] % Patients
Linear Trend: P <.0001

J T I T I T l
<50 >80

50-64 65-79
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reported over a 6-year period. The average
age of the patients was 53.6 years, 73%
were white, and 54% were women; 53%
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Fig 5. — Risk of mortality across age groups based on deaths as a proportion of patients
(black bars) or deaths as a proportion of admissions (gray bars) among patients admitted
for FN to institutions reporting to the University HealthSystem Consortium, 1995-2000.2"
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a high level of efficacy and safety
across a wide variety of disease enti-
1707 ties and treatment regimens (OR =
0.38; P<.001). In addition, patients
randomized to receive G-CSF experi-
enced fewer episodes of document-
ed infection (OR = 0.51; P<.001) as
well as fewer dose reductions and
treatment delays (OR = 0.32;
P<.001). The OR (£95% CLs) for
mortality was 0.60 (0.30, 1.22), sug-
gesting but not proving a 40% reduc-
tion in the odds of mortality (P=.16).

Although the sensitivity of
hematopoietic  progenitors to

2000

Fig 6. — Distribution of mean cost per day for patients age 65 and over admitted with FN to institu-
tions reporting to the University HealthSystem Consortium from 1995 to 2000.%°

15% of women over age 65 received less than 50% of ref-
erence-standard dose intensity in this study. Multivariate
analysis identified several significant independent pre-
dictors of reduced relative dose intensity, including
increased age, positive axillary nodes, negative estrogen
receptors, and high body surface area as well as CMF
(cyclophosphamide, methotrexate, and fluorouracil) or
CAF (cyclophosphamide, doxorubicin, and fluorouracil)
chemotherapy regimen and 28-day schedules.

Age and the Effectiveness of
Hematopoietic Growth Factors

Several studies of the efficacy of

endogenous cytokines may be com-
promised in the elderly, sensitivity to
therapeutic doses of recombinant G-
CSF appears well maintained. The effectiveness of G-
CSF in older patients has been established in a number
of studies.®” A systematic review of controlled clinical
trials totaling nearly 700 patients with NHL demon-
strated that the use of G-CSF in older patients is associ-
ated with decreased risk of severe and febrile neu-
tropenia® (Table 2). The risk of severe and febrile neu-
tropenia was 72% and 36%, respectively, across all com-
parative trials for those not receiving CSF and 44% and
22%, respectively, among those receiving CSF support.
Focusing only on the randomized, controlled trials, the
risk of severe and febrile neutropenia was 79% and
42%, respectively, among those not receiving CSFs and
50% and 25%, respectively, among those receiving CSF

the CSFs on the prevention of neu-
tropenic complications including
infection risk associated with cancer
chemotherapy in a variety of malig-

nancies using different chemothera-
py regimens have been reported.53*
% Controlled clinical trials conduct- 60 1
ed in both Europe and the United
States have demonstrated the ability 40

of recombinant human G-CSF (rHu-
G-CSF, filgrastim) to reduce the risk
of FN associated with systemic
chemotherapy when administered

RDI < 85%
00 ~

80 <65 M=65

1
97.5
86.0
719
64.1 %
56.2 53
436
204 216
O T T T T T

prophylactically prior to the onset of
fever or neutropenia. A systematic
review with a formal meta-analysis of
all randomized, controlled trials of

AC21

P Value <.001

CAF21 CAF28
.001 .252

CMF21
<.001

CMF28 All
<.001 <.001

prophylactically administered G-CSF
in patients receiving cancer chemo-
therapy was recently reported.®
Summary estimates across the eight
trials that were identified confirmed  + 5-fluorouracil.
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Fig 7. — Frequency of reduced relative dose intensity (RDI) <85% compared to published reference
standards in approximately 20,000 women with breast cancer receiving various adjuvant chemother-
apy regimens from a large practice-based survey.?* The risk of FN was generally greater in older
women (black bars) than in younger women (gray bars). AC = doxorubicin + cyclophosphamide,
CAF = cyclophosphamide + doxorubicin + 5-fluorouracil, CMF = cyclophosphamide + methotrexate
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support. In a formal meta-analysis, the summary OR
estimates +95% CLs for severe and febrile neutropenia
among those receiving growth factor for all trials were
0.26 (0.19, 0.36; P<.0001) and 0.24 (.17, .35; P<.0001),
respectively (Fig 8A). Likewise, the summary OR esti-
mates for severe neutropenia and febrile neutropenia
for the randomized, controlled trials were .44 (.31, .62;
P<.0001) and .45 (.31, .64; P<.0001), respectively (Fig

8B). As also shown in Table 2, the risk of FN was 22%
among those receiving CSF compared with 35% in con-
trols. No significant difference in complete remission
rates and disease-free survival was observed across all
trials combined. However, in the recent study by Osby
et al,*® elderly patients randomized to G-CSF support
not only experienced fewer episodes of severe or
febrile neutropenia, but also received a greater propor-

Table 2. — Efficacy of Colony-Stimulating Factors in Older Patients With Non-Hodgkin’s Lymphoma Receiving CHOP-like Combination Chemotherapy

Study Randomized Chemotherapy G-CSF No. Grade 4 Febrile
of Patients Neutropenia (%) Neutropenia (%)
Zinzani et al* Yes VNCOP-B Yes 7 23 5
No 72 56 21
Zagonel et al7 * No CHOP Yes 12 5 5
No 11 28 16
Bertini et al** No P-VEBEC Yes 46 22 2
No 54 46 9
Osby et al*® Yes CHOP Yes 101 55 34
No 104 89 50
Osby et al'6 Yes CNOP Yes 103 64 32
No 100 86 50
All Trials Yes 339 445 215
No 341 724 36.4
All Randomized Clinical Trials Yes 281 49.8 25.2
No 276 79.3 423
* Percent of chemotherapy courses (grade 3/4 neutropenia)
VNCOP-B = cyclophosphamide, mitoxantrone, vincristine, etoposide, bleomycin, and prednisone
CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone
P-VEBEC = epirubicin, cyclophosphamide, etoposide, vinblastine, bleomycin, and prednisone
CNOP = cyclophosphamide, mitoxantrone, vincristine, and prednisone
Citation Effect Citation Effect
Bertinil4 367 (.161, .839) ——— Bertinil4  .288 (.056, 1.498)
Osby16 1* 182 (.099, .336) —i— Osby16 1* 513 (.295, .892) —i—
Osby16 2% 314 (.167, .590) —— Osbyl6 2% 477 (273, .834) ——
Zagonell7 207 (.030, 1.439) Zagonell? 436 (.041, 4.689)
Zimzanil0* 261 (.135, .503) —— Zimzanil0* 248 (.095, .647) &
Combined  .259 (.186, .360) <> P <.0001 Combined 439 (.309, .624) <> P <.0001
01 02 05 1 2 5 10 01 02 05 1 2 5 10
*Randomized controlled trial CSF No CSF *Randomized controlled trial CSF No CSF
A B

Fig 8. — Forrest plots of the Peto odds ratios among five controlled trials of prophylactic G-CSF vs control in elderly patients with non-Hodgkin’s lymphoma
along with a weighted summary measure across trials. The size of the point estimate rectangles are inversely proportional to the variance associated with
each study. Also shown are the 95% confidence limits for each estimate. Results are shown for all controlled trials including randomized, controlled tri-
als (*) for severe neutropenia (A) and febrile neutropenia (B). All studies demonstrate an effect estimate below 1.0 favoring G-CSF. The study by Osby et
al*® included four arms: two with CNOP and two with CHOP, each with and without G-CSF support. Due to the large difference in outcome based on the
type of chemotherapy, accompanying heterogeneity, and apparent interaction between chemotherapy regimen and growth factor support for the primary
outcomes, these are displayed separately as Osbyl (CHOP) and Osby2 (CNOP), respectively.
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Decision Model for Prophylactic CSF
Decision
1 I 1
No CSF CSF
I_I_I I I 1
Hosp No hosp Hosp No hosp
Survives Dies Survives Dies CSF
cost/day
|_| x days
Hosp cost/ | | Hosp cost/ 0 CSF cost/day x days + CSF cost/day x days +
day x days) | | day x days) (hosp cost/day x days) | | (hosp cost/day x days)

Fig 9. — Decision tree for a cost minimization model of the use of prophylactic CSF or no CSF in
chemotherapy patients at risk for FN. The model assumes all patients with FN are hospitalized
(Hosp), the risk of hospitalization for FN in those receiving prophylactic G-CSF is reduced by 50%,
and equal duration of hospitalization and mortality among those hospitalized for FN in both groups.
Cost considerations are limited to those related to hospitalization for FN (average length of stay x
average cost/day ($) and G-CSF (average duration of administration x average cost/day for drug and
administration). Patients not hospitalized and not receiving G-CSF have no associated costs.*

tion of planned chemotherapy dose intensity than
patients not receiving G-CSE. While CNOP chemother-
apy (doxorubicin replaced with mitoxantrone) was
associated with worse time to failure and overall sur-

same fashion by utilizing a quality-
adjusted outcome measure such as
quality-adjusted life-years as the clin-
ical outcome of interest. However,
when clinical outcomes are not con-
sidered substantially different, the
focus of the economic analysis is
directed at minimizing cost or choos-
ing the approach associated with the
least cost. A variety of economic
analyses of the hematopoietic
growth factors have been presented
over the last several years.3*4

Cost-Minimization Models

A decade ago Lyman et al*?4
undertook a cost minimization analy-
sis based on a decision analytic model
incorporating the results of the piv-
otal randomized, controlled trial of G-
CSF reported by Crawford and col-

leagues® (Fig 9). This study concluded that when only
itemized direct medical costs of hospitalization at a sin-
gle institution are considered, the use of G-CSF is associ-

vival, CHOP-treated patients supported with G-CSF
experienced significantly longer overall survival than

those not receiving G-CSF (P=.045).

Economic Analysis of the
Colony-Stimulating
Factors in the Elderly

Economic Analyses

Management of older individu-
als with cancer is often more costly
and less cost-effective than that of
managing younger patients due to
increased risk of therapeutic compli-
cations and the reduced potential

for benefit due to limited life
expectancy and less responsive
malignancies than in younger

patients.2® Economic analyses must
consider the clinical outcome as
well as the economic outcome or
cost and are of greatest value when
the clinical outcome is the same or
better but the cost is increased.
When clinical outcomes differ, the
most commonly utilized approach is
that of cost-effectiveness. A cost-util-
ity analysis can be conducted in the

494 Cancer Control

ated with an overall cost savings in situations when the
risk of FN is 40% or higher. Above this threshold, a net
cost savings is estimated, while below the threshold a
net excess cost is projected, although their continues to
be offsetting cost for CSF through the reduction in hos-

Risk of Hospitalization for FN

1.0
0.8
0.6
La= Favors CSF
! Favors No CSF
O T T T T T T T T T T T T T T T T T T 11
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Cost of Hospitalization / Day ($)

Fig 10. — Two-way sensitivity analysis of the threshold for cost associated with FN hospitalization
and G-CSF use based on the decision model shown in Fig 9. The horizontal axis varies the cost/day
(8) for hospitalization and the vertical axis varies the risk of FN hospitalization. The threshold curve
demonstrates lower thresholds for cost-saving use of G-CSF with increasing cost of hospitalization.
Combinations of risk and cost above the threshold are associated with a reduction in cost with the
use of prophylactic G-CSF, and those below the threshold curve are associated with greater cost
with the use of G-CSF. Three sequential cost estimates and the accompanying risk threshold are
shown: thin line = based on the original estimate of direct medical costs for hospitalization (thresh-
old = 40%),*? thick line = based on revised cost estimates of total hospital costs (threshold =
23%),* and dotted line = based on full cost estimates including total hospital costs and indirect
costs (threshold = 18%).4
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pitalization for FN. In a more recent analysis including
the total direct institutional costs of treating FN, thresh-
old risks in the range of 20% to 25% were estimated (Fig
10).# This study also demonstrated that patients with
FN are heterogeneous, with low-risk patients experienc-
ing relatively uncomplicated short-term admissions and
high-risk patients being likely to have more complicated
and prolonged hospitalizations that account for the
majority of cost. Based on a recent meta-analysis,® the
threshold risk of FN when managing high-risk patients
such as the elderly was found to be less than 20%. In sen-
sitivity analysis, the cost-saving threshold decreases as
the cost per day and length of stay for FN increase. These
models have been further expanded and refined to con-
sider indirect and out-of-pocket costs as well as quality of
life, incorporation of an ambulatory treatment option for
FN in selected low risk patients, and the use of predic-
tive models permitting individualization of risk estima-
tion and selection of high-risk patients for targeted G-
CSF prophylaxis.

Incorporation of Indirect Costs

Estimated additional indirect and patient out-of-
pocket costs have been incorporated into the cost-min-
imization model discussed above for the prophylactic
use of the CSFs. These costs were added to the direct
costs of hospitalization for FN as well as for those of the
growth factor and its administration.*>#¢ The addition-
al costs in the branches for patients treated with pro-
phylactic CSF were adjusted based on an assumption of
efficacy of a risk reduction of severe neutropenia of
50% with prophylactic CSE A sensitivity analysis was
then conducted across a range of potential indirect cost
estimates from $0 to $5,000 per inpatient FN episode.
As the estimates for indirect costs increase, the thresh-
old favoring the use of CSF decreases from the baseline
estimate. When the indirect and patient out-of-pocket
costs attributable to severe neutropenia approach that
estimated from the survey data of $3,834 per episode,
the risk threshold is reduced to 18% (Fig 10).

Incorporation of Quality of
Life Considerations

Little investigation has been conducted on the
impact of neutropenia and its complications on quality
of life or on the impact of the CSFs. Preliminary efforts
to study the impact of severe neutropenia on patient
quality of life have been reported using various health
profile measures. In a series of studies in a practice set-
ting, changes in quality of life were measured weekly in
patients scheduled to receive myelosuppressive
chemotherapy without growth factor support using
the Short-Form 36 (SF-36), the Hospital Anxiety and
Depression Scale, and the Psychological Adjustment to
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IlIness Scale."#8 Significant correlations were observed
between changes in neutrophil counts and measures of
physical functioning, general health, vitality,and mental
health. The greatest decrease in quality of life was
observed in patients with grade 4 neutropenia. An
effort is currently underway to develop a more sensi-
tive and specific measure for detected changes associ-
ated with severe or febrile neutropenia in patients
undergoing cancer chemotherapy. This approach is
modeled after the Functional Assessment of Cancer
Therapy (FACT) health profile scales and is termed the
FACT-N. The current version of the tool consists of 19
questions generated from semistructured interviews
and previous studies. The measure has been found to
have good construct validity and internal consistency.*®

Additional early efforts have attempted to evaluate
the impact of neutropenia and the hematopoietic
growth factors on patient quality of life by eliciting
patient preferences or utilities for anticipated health
states. Using techniques such as a standard reference
gamble and time trade-off, quality of life can be assessed
more globally but without detailed information about
the impact on the various dimensions of quality of life.
Preliminary data assessed as willingness to pay to avoid
FN corresponded to daily costs ranging from $0 to
$500. The generated utilities may permit the conduct
of useful cost-utility analyses even in the absence of
proven effects on patient survival and will also extend
previous work on the incorporation of quality of life
measures into cost minimization risk threshold mod-
els.>® The issue of quality of life assessment and the
impact of G-CSF in patients with cancer and HIV has
been recently reviewed.5!

Incorporation of an
Ambulatory Treatment Option

It is now possible to identify a population of
patients at lower risk for serious medical complica-
tions and thus potential candidates for outpatient
treatment of FN with antibiotics with or without G-
CSE. The Multinational Association for Supportive Care
in Cancer has developed a formal scoring system for
evaluating cancer patients with FN for possible outpa-
tient management.?® It has been suggested that such
an approach will reduce the costs associated with
episodes of FN based on the reduced need for hospi-
talization of a proportion of these patients.>25 The
limitations of this approach have been extensively dis-
cussed including (1) the need for a nearly zero predic-
tive value negative, (2) the need for a substantial (and
costly) infrastructure and organization to manage
patients with FN as outpatients, and (3) the large num-
ber of logistical and social issues that must be
addressed (eg, proximity to the healthcare facility,
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availability of a full-time caretaker, sufficient aware-
ness and education concerning the seriousness of the
condition). These issues are potentially problematic
for the management of FN in the elderly cancer
patient. Nevertheless, it has also been suggested that
the reduction in cost that is likely with outpatient
management of patients with FN will have a direct
impact on raising cost-minimization thresholds that
are largely driven by the costs of hospitalization for
FN. However, such an approach will likely increase
indirect and out-of-pocket expenses to the family and
other caretakers. More fundamentally, patients with
FN are a heterogeneous population with considerable
variation in length of stay and in the potential risk for
serious medical complications, including death. In
fact, high-risk patients with long hospitalizations drive
most of the associated cost, while low-risk patients
generally have relatively short hospitalizations and
contribute a relatively small proportion of the costs
associated with FN. This association, combined with
the cost of the required infrastructure to develop and
maintain an ambulatory FN treatment program, ques-
tions the economic impact of such a strategy, particu-
larly in the care of the elderly patient with FN. A
recent analysis of an economic model for the use of
the CSFs incorporating an ambulatory treatment strat-
egy for low-risk FN patients demonstrated that such
an approach has minimal impact on risk thresholds
for CSF use due to the continued need for hospitaliza-
tion of high-risk individuals who generate longer hos-
pitalizations and greater cost.5

Clinical Prediction (Risk) Models

The use of CSFs in all patients at risk for severe neu-
tropenia or its complications has been considered cost
prohibitive. Selecting patients for CSF use has generally
been based on the previous occurrence of such com-
plications, the intensity of the chemotherapy regimen
selected, or the clinical perception of risk. Several inves-
tigators have attempted to complement such considera-
tions in order to improve the ability to predict those at
greatest risk of neutropenia.’®% Virtually all of these
efforts have led to the conclusion that increasing age is
one of the strongest risk factors for the occurrence of
FN or its serious medical consequences, including
death. In addition, increasing age has been associated
with considerable decreases in dose intensity in this
population, potentially compromising long-term disease
control. As we and others have shown, consideration of
comorbidities as well as disease and treatment-related
factors permits the more accurate discrimination of
high- and low-risk patients, thus allowing the more
effective and cost-effective application of the CSFs in
those in greatest need and most likely to benefit. In
malignancies that require moderately intensive

496 Cancer Control

chemotherapy such as the NHLs, age appears to be asso-
ciated with sufficient risk of FN and its complications
within the first one or two cycles to provide compelling
clinical and economic arguments for primary prophy-
laxis of all patients receiving such regimens with G-
CSE?* Incorporation of a risk-model-targeted strategy
for primary prophylaxis in NHL into an economic
model discussed above demonstrates that in high-risk
populations, eg, the elderly, primary prophylaxis of all
patients represents the most cost-effective approach.

In other responsive malignancies that are often
treated with less aggressive chemotherapy regimens,
such risk models can enhance the cost-effective use of
the CSFs. Silber and colleagues®” described a clinical
prediction model that was based on a population receiv-
ing adjuvant breast cancer chemotherapy and incorpo-
rated baseline and first-cycle hematologic data. The
model was capable of discriminating high-risk women
for future neutropenic complications, which might
compromise dose intensity and long-term outcome.
Based on the importance of sustained dose intensity on
disease-free survival reported in patients with early-
stage breast cancer, Silber et al®® studied a strategy of tar-
geted G-CSF support in the one-half of women at great-
est risk in order to sustain dose intensity compared with
a standard dose-reduction strategy in such patients. The
estimated cost effectiveness for the G-CSF support strat-
egy for high-risk patients of $34,000 per life-year gained
was reasonably robust across a range of baseline
assumptions. The value of such a simple prediction tool
for reducing the risk of neutropenic complications with
targeted use of the CSFs has been validated prospec-
tively.?? As discussed previously, women receiving adju-
vant breast cancer chemotherapy who were assigned to
G-CSF using a simple risk model consisting of the first-
cycle ANC nadir experienced fewer episodes of hospi-
talization for FN (P<.001) and greater dose intensity
(P=.003) than historical controls without such a strate-
gy. It has also been shown in this same population that
consideration of age and first-cycle events (eg, FN, a
drop in hemoglobin >1 g/dL, ANC nadir <500/mm?)
permits more accurate risk prediction.?® Patients age 65
and older who experience severe or febrile neutropenia
and/or a drop in hemoglobin >1 g/dL during the first
cycle of chemotherapy experience a subsequent risk of
FN in the range of 10% to 20% and all neutropenic com-
plications of 30% to 40%. These data thus provide com-
pelling clinical and economic arguments for subsequent
prophylaxis with G-CSF of all additional cycles in elder-
ly patients experiencing significant first-cycle hemato-
logic toxicity in order to reduce serious complications
and sustain chemotherapy dose intensity.

Efforts are underway to develop more accurate risk
models and to validate their use based on prospective-
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ly collected data to assist clinicians in the selection of
high-risk patients and the targeting of supportive care
measures such as the CSFs.>® The economic impact of
incorporation of a risk or clinical prediction model into
a treatment decision pathway for the management of
patients at risk for FN depends on the risk of FN in the
population and the test performance characteristics of
the model. As more accurate risk models are developed
that are independently validated in a variety of clinical
settings, their value to clinicians in providing optimal
care to the cancer chemotherapy patient as well as to
society in terms of obtaining the most value with limit-
ed resources can be anticipated.

Conclusions and Recommendations
for Colony-Stimulating Factor Use in
the Elderly

We conclude that older individuals receiving myelo-
suppressive chemotherapy are at increased risk for
severe and febrile neutropenia, which may result in mor-
tality from overwhelming infection. The morbidity and
perhaps mortality associated with severe or prolonged
neutropenia can be reduced by the use of hematopoietic
growth factors. Recently updated guidelines for the
hematopoietic growth factors from the American Society
of Clinical Oncology have only partially addressed issues
related to the elderly cancer patient.®” Specific recom-
mendations for the use of the hematopoietic growth fac-
tors in the elderly cancer patient have recently been
developed for the National Comprehensive Cancer Net-
work (NCCN) including (1) using the CSFs prophylacti-
cally in cancer patients aged 70 and older receiving
chemotherapy with the dose intensity of CHOP, (2) main-
taining hemoglobin levels at =12 g/dL with erythropoi-
etin, and (3) adjusting renally excreted drugs to the
patient’s glomerular filtration rate.** Similar recommen-
dations have recently been presented by the EORTC
Cancer in the Elderly Task Force.5°

The studies reviewed here support primary prophy-
laxis with G-CSF in patients aged 70 and older treated
with regimens of comparable dose intensity to that of
CHORP. In addition, the data support the subsequent use
of G-CSF in older patients experiencing severe or febrile
neutropenia and anemia during the initial cycle of
adjunctive chemotherapy for early-stage breast cancer.
These recommendations are based primarily on clinical
efforts to provide optimal efficacious chemotherapy, to
reduce life-threatening toxicity,and to improve quality of
life in the elderly population. However, with the contin-
uing rise in healthcare costs associated with hospitaliza-
tion for FN, the economic arguments supporting the use
of prophylactic G-CSF in elderly cancer patients are
increasingly strong. The introduction of a potentially
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more effective and long-acting pegylated G-CSF provides
additional opportunities for the optimally effective, safe,
and convenient supportive care of elderly patients
receiving cancer chemotherapy.

Note

Since this manuscript was accepted for publica-
tion, an additional randomized controlled trial of CHOP
chemotherapy with and without G-CSF support in
patients age 65 to 90 with aggressive non-Hodgkin’s
lymphoma (NHL) has been reported.®* Fewer infec-
tious complications were observed with G-CSF during
the first cycle when patients were receiving full-dose
chemotherapy (20% vs 32%). There was no difference
in overall mortality with 123 deaths in each study arm,
most of which were due to NHL. Deaths due to infec-
tion were reduced in those receiving G-CSF (16 vs 11),
but the difference did not reach statistical significance.
The number of patients dying of unknown causes was
also imbalanced favoring G-CSF (11 vs 4). If infectious
and unknown deaths are combined, G-CSF treatment
was associated with lower cause-specific mortality than
non G-CSF (P=.04).

Note that this study utilized an unconventional
fixed dose of G-CSF of 300 ug daily regardless of patient
weight. This may have led to a consistent under-dosing
of G-CSF in approximately 85% of the patients in this
study. In addition, the study was underpowered (50%)
for the primary endpoints of disease-free and overall
survival. It was completely underpowered for the qual-
ity of life and economic measures collected in small
subgroups of patients, so no meaningful conclusions
can be drawn from these results.
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