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HE AMERICAN Society of Clinical Oncology approval. Each guideline from the 1996 update is listed
(ASCO) published evidence-based clinical practicebelow, followed by the 2000 update, and the 2000 recom-
guidelines for the use of hematopoietic colony-stimulatingmendation.
factors (CSFs) in 1994. ASCO guidelines are updated on a
regular basis by a Review Committee of the original expert

anel. The CSF guidelines were updated by the full exper
ganel in 2000 g P y P }\/Iyelotoxicity of Standard Chemotherapy Regimens

SUMMARY OF RELEVANT BACKGROUND DATA

For the 2000 update, an update committee, composed of To determine the need for primary administration of
members from the full panel and selected ad hoc membersolony-stimulating factors (CSFs), one must decide whether
was formed to complete the review and analysis of datahe risk of neutropenia associated with a particular chemo-
published since 1994. Computerized literature searches dherapy regimen warrants CSF use. Table 1 lists a number of
MEDLINE and CancerLit were performed. The key phrasesthe commonly used chemotherapies usually given without
granulocyte-macrophage colony-stimulating factors, granuloCSF support (except when indicated) and the reported rates
cyte colony-stimulating factors, and clinical trials were used inof neutropenia, fever, and sepsis. Table 1 is an updated
searches of the published English-language literature fronversion of Table 3 of the original CSF guidelines published
1994 to 1999. in 1994. Many new chemotherapeutic agents, including the

The Update Committee had two face-to-face meetings tdaxanes, topoisomerase-1 inhibitors, and vinorelbine, have
consider the evidence for each of the 1996 recommenddleen used as part of regimens in the 1990s. Whenever
tions. The guideline was circulated in draft form to the Possible, large clinical trials are referenced as well as
update committee and to the full expert panel for review andstudies that represent current trends in treatment (eg, 3-hour

instead of 24-hour paclitaxel administration).
As before, these trials focus on the results of overall

From the American Saciety of Clinical Oncal treatment rather than on hematologic and infectious side

rom the American >ociety O Inical ncology. H

Submitted August 4, 2000; accepted August 79,]y2000. effects.. As a consequence, these data_suf_fer from differ-

Adopted on July 21, 2000, by the American Society of Clinical ENCES IN the definition of infectious complications as well as
Oncology. from underreporting of febrile episodes. Despite these

Manuscript editing was completed by H. Ozer and M. Somerfield. limitations, few of these common chemotherapy regimens

*The American Society of Clinical Oncology considers adherence toproduce significant complications related to neutropenia. It
the§e guideliqes tp be voluntary. The ultimate Qe_term_ina_tion regardingshould be noted that when chemotherapy is given for
their application is to be made by the physician in light of each . - .
patient’s individual circumstances. In addition, these guidelines de-treeltment of relapsed or refractory disease, it is more likely
scribe administration of therapies in clinical practice; they cannot be t0 produce neutropenia (eg, topotecan in relapsed small-cell

assumed to apply to interventions performed in the context of clinicalcarcinoma of the lung).

trials, given that such clinical studies are designed to test innovative

and novel therapies for this symptom in which better treatment is of|mpact of CSFs on Economics of Febrile Neutropenia
paramount importance. In that guideline development involves a . . .

review and synthesis of the latest literature, a practice guideline also  1he routine use of CSFs for primary prophylaxis cannot
serves to identify important questions for further research and thosebe justified on the basis of cost savings with any routine
settings in which investigational therapy should be considered. chemotherapy. Cost analyses have shown that CSFs save

Address reprint requests to American Society of Clinical Oncology,mcmey when the risk of febrile neutropenia (FN) is greater
1900 Duke St, Suite 200, Alexandria, VA 22314; email guidelines@, 3536 . .
than 40%;7;>° but no routine regimens have rates greater

asco.org. . - i A
© 2000 by American Society of Clinical Oncology. than 15%. This analysis was sometimes confused with the
0732-183X/00/1820-3558 initial CSF guideline that used a 40% rate of FN adimical
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threshold for use of CSFs, based on the observed rate gfy.****Because fever may be the first and only manifesta
neutropenia seen in the initial randomized trials used fortion of infection, it has been standard practice for all patients
Food and Drug Administration licensing in the United who present with fever in the setting of neutropenia to
States. receive broad-spectrum antibioti&Usually this has been
The economic models used costs of hospitalization foraccompanied by hospitalization, although certain favorable
FN of $10,000; if the costs were much lower, as with subgroups of patients may possibly be treated as outpa-
early-discharge models or outpatient treatment models, théents?® Traditionally, patients have remained hospitalized,
rate of FN would have to be much higher to offset the costson antibiotic therapy, until fever and any sign of active
of using CSFs. Alternatively, CSFs could be justified if they infection have resolved and the ANC has recovered.
cost substantially less. The use of CSFs at a much lower
dose (eg, 2ug/kg instead of Sug/kg), which is promising ~ Clinical Outcomes
but needs confirmatio®f, would lower the cost. In current practice, infectious mortality resulting from FN
For secondary prophylaxis, the rate of FN could be 40%is low, and the incidence of FN with common chemotherapy
and could justify use of CSF, but dose modification wouldregimens (with the exception of AIDS-related malignan-
be a medically acceptable alternative because no majacies) seldom exceeds 25% to 40% in chemotherapyenai
clinical benefit of maintaining delivery of previously toxic patients (Table 1). However, the average length of hospi-
levels of chemotherapy with CSF use has been shown. Aalization for FN can exceed 1 weék:3*®4’during which
recent decision analysis model showed acceptable costime patients undergo numerous diagnostic procedures and
effectiveness of CSFs to maintain dose-intensity in adjuvanintravenous (1V) antibiotic support with the attendant po-
therapy for breast cancéfbut CSFs are rarely needed for tential complications of such therapy. In addition to the
four cycles of doxorubicin and cyclophosphamide, and noimpact on quality of life for the patient, episodes of FN may
benefit has been found to date even for escalated doses m#sult in subsequent chemotherapy delays or dose reduc-
doxorubicirt® with CSF support. tions. Avoiding the occurrence of FN by use of a CSF might
A major advance would be a model to predict who will therefore be expected to enhance patient quality of life,
develop FN, so that CSF use could be restricted to thateduce hospital costs, and improve chemotherapy delivery.
group. At present, it is not possible to predict who will Nonetheless, the incidence of FN depends entirely on the
develop FN and who would therefore benefit from prophy-dose-intensity of the chemotherapy regimen, on the prior
laxis with CSFs. Current models are promising but neechistory of the patient population, and on the presence or
prospective validation. Some possible predictors include absence of other comorbid conditions. Although it is now
high risk of FN of 49% (23 of 47 patients) if the absolute well established that primary prophylaxis with a CSF can
lymphocyte count is less than 700/mntompared with  reduce the incidence of FN by as much as 58%in the
11% (seven of 65 patients) if the absolute lymphocyte countbsence of benefits in survival or response, such reductions
is greater than 700/mid° Similarly, others have proposed can only have a significant impact on patient outcomes
that the risk of FN is higher in adjuvant breast cancerwhen improved clinical outcomes justify the costs of CSF
chemotherapy if the hemoglobin or absolute neutrophiladministration. By design, primary prophylaxis results in
count (ANC) falls during the first cycle of chemotherally. unnecessary treatment of at least 50% of patients who
would not have experienced FN on standard chemotherapy
SPECIFIC GUIDELINES regimens, thus further hampering any cost benefit of CSF

prophylaxis.
1. Guidelines for Primary Prophylactic

CSF Administration Alternative Approaches

Alternative approaches for avoiding an initial episode of
FN remain limited. Prophylactic antibiotics continue to be

Neutropenia and infection are major dose-limiting sideused, particularly with high-dose chemotherapy regimens in
effects of chemotherapy. The risk of initial infection and hematologic malignanci€$,but a positive clinical impact
subsequent complications are directly related to the depthas not been universally documenf@dMoreover, there is
and duration of neutropenfd.The magnitude of neutrope  serious concern regarding the emergence of resistant micro-
nia depends on the intensity of the chemotherapy regimerorganisms when prophylactic antibiotics are administered.
In addition, a number of host- and disease-related factorgccordingly, the Infectious Disease Society of America
that are only partially characterized may also influence thedoes not recommend routine antibiotic prophylaxis, espe-
risks of neutropenia in the patient receiving chemotheracially with fluoroquinolones? Other strategies have -in

Definition of the Problem

Downloaded from jco.ascopubs.org on July 13, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



OZER ET AL

3560

0 0 — 0 9 0 8y we9/daad
(sepAo ||p)
— — — — — (sesop ||p) OE (<14 204/v2ddD
Juawyoaly
Joud ou
dg — — o]} 69 — 90¢ INA/dQAD  “DIDSN pedupApy
dy — — — (se]o4> %8€) 69 — /01 odo) juslindey
(sepAd o) £/
(so}ohd ||o DS
6T I+ aunym) g°g | L9 (aPA> ¥s1) £8 (oA 451) 86 — ol 3vD  pasouBolp AmeN
(sypoep o1x04 ||0) 7 = 91 — — 4 8¢ 951 AVD
juswyoaly soud
(syipap 21x04 |P) 9 = 8 — — 8¢ 4! 691 91-dA/dddD  ©ou J1DS SAlsusix] oz-128UM
dy — - - - S 4 0d/v2A9D
olpisoPW
[ — — — A €¢C 98 v2a4d/n4-g “jualinosy oz's 1 P2U/PPeH
— — - €L - - vel dIPA
0 € — 91 — 91 /7 g3d  pasdpjes paoupapy guz1][82 Wi
dy - - € (r+e) ze - 681 L1-1dD
(A1mo) 22
asop yooe id | - - - - (A1481) 61 91l A/N4-S
| — — — — z 1324 1/A1/N4-G  PaOUPAPD jupAnlpy oLy 1|PPRI00D
- — - £z (s9s0p ||p) 6£ — ge v
— 91 — 8¢ (s9pA> |Io) 1L — L8 20q
o Yoo 4d | (apo1B Aup) £2-G| — v-C (v +€) £9-05 (r+e) ve-ve (Va4 obd SHDISPRW
0 ve B - - €0 434" )4
(¢ wi) |
dy - - (1 wio) - (L win) |z LS5l 4vD juoanlpy £1-645°949
— — — Zl or — 0g (452-9 +) dll
— | - - Ly - 9¢ 0d/v2A9D
\Ano\_mr__ IWBYSAS
€ 9 - ol - ve 9Cl DVA-W  Joud ou ‘paduoapy g-91°PPRId
4SO-WO+
(peytpow)
— — — - (s2pA> |1p) 9€-22 - 861 aoovg-w
pajoaiun
‘eppib-ybiy
€l - - ¢8-08 - 0€ 4SO-WO+dOHD pup -3jpipauwlisiuj ¢vHN
— VAl — VA — — A4 91-dA
— ve - - (r+€) g¢ — ve xoQ odr
— 19 — 9 — — e AQY PedUPAPY  ¢.,PWODIDG s Is0dDy)
‘paipjRI-SqlyY
(uoyayun
4l v9 ou) /g - - €6 €91 ING/D-Pry  pasouboip AmaN (TWY 40Py
(%) yweq snowdayu) (%) (€ = oppib) (%) (z = apr4b) (%) (%) (7 eppiB) (%) (7 appiB) sjualjog uawiBay Adoiey) (yo4) ABojoysiy Jedup)
Juoipsju Jieney oiuadoyneN ojlige4 piuadounan Lpiuadoyna] o 'oN Joug puo abpjg

suswiBay Adpiayjoway) papojag YA Pa4RI0SSY SIYIdIXO] SNOHI3JU| pup diBojojpwal Jo aduapidu| °| 9|qp)

Downloaded from jco.ascopubs.org on July 13, 2009 . For personal use only. No other uses without permission.

Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



3561

ASCO GUIDELINES FOR CLINICAL USE OF CSFs: 2000 UPDATE

‘uoyozipyidsoy Butiinba uoydajul d1waeysAs ¢ epoib = uoidejulL

(4657001 =) Do1'8E = :Z 3PP4B = oAy DLIBJID AYIDIXO} UOWWOD) |

“1M/00G > #unod |iydoynau sjnjosgp :piuadosnau 7 apoib 11 /000’ | > $unod DA pluadoyna) ¥ appIo),
"3UIZGIODP ‘OPIWYSOJI ‘UIdIGNIOXOP ‘DUSAW ‘(|YW dUIZDGIODP ‘UIDIGNIOXOP ‘QY ‘SUOSDYIRWIDX3P ‘UIDIGNIOXOP ‘BUNSLIDUIA ‘QYA ‘BUIZDGIO0P ‘UlSD|qUIA ‘uAwos|q ‘uignioxop ‘gAagy ‘euosiupaid
‘auizpguod01d ‘BUlSLIDUIA ‘BulDYjRIo|YdRW ‘dOW ‘aulgppdwieb ‘uypjdsid ‘weg) /4qgD ‘eulqeioula ‘uypidsid “YNA/dQQD ‘updsjodoy ‘odo) ‘episodoje ‘umignioxop ‘epiwnydsoydopAd 3y ‘auystioula
‘uignioxop dv_Ec;%or_n_o_uxu ‘AVD .\w_o_moao_m E:o_mm_u ‘91-dA/dadd E:U_&m_u ‘opIW0)sOJl ‘DUISD|UIA ‘d[9A E_u\AEoo_J ~w_o_moao_m E:o_mm_u ‘g3d ‘updajoull | | -|dD) ‘9|OSIWDAS| ‘ULIOACDN3| ‘|1DDINOION|Y
"1/A1/N4-G ‘[expypod ‘upignioxop ‘|y ‘jexpjedop ‘oo ‘jexpyprd ‘opy ‘epiwpydsoydojpAd> ‘uignioxop ‘DY !|1ppinociony ‘upignioxop ‘epiwpydsoydopAd ‘4yD ‘uypidsid ‘exppiprd ‘epiwpysoyl ‘4]
!|oxpyiopd ‘uypjdogind 204 /\yDQFD ‘uHP|dsId ‘UIDIGNIOXOP ‘BUNSDIUIA ‘SJOXLOYBW ‘DYA-W 'SHOXSIOYIW ‘BUOSDYRWDXSP ‘BUlSIIdUIA ‘uidignioxop ‘spiwpydsoydojoAd ‘uindwos|q ‘qODyg-w ‘suosiupaid

‘aulsLIDUIA ‘UdIgnIoXop d_o_Ec;mmo;o_o_uxu ‘dOHD ‘umignioxop _chwOn___ xoq odn ‘aulso|quiA \:_uxEom_ﬁ ‘uignioxop ‘Agy ‘umigqniounop ‘YNQ um:jok_c_xu ‘)-DIy {UOLDULIOJUI OU ‘— SUOHDIABICQY

"sa|npayps pup ‘sasop ‘sjuabo Adoueyjowsyd BuipipBes uoypwiojur oy suoyodignd payd 885 :3]ON

g€ — — — (Y4 98 881 aivw
pajpayun
0 — — — 8¢ 4% 981 av ‘peoupApy pgPWO2I0G
- - - 9 18 ze 494 odoj aB0A|og
— — (sesop ||o) sid ¢ (sejo4> |I0) 0z — 68 o04/vDAeD
AL
(sypap d1x0} [0) 7°Z _ > _ 8/ — 781 o04/4aad oBoys \_UE_EOJDm mm._mbc>o
— 9'LC oy — — uolpaw 17/00£'L 62 ava uslinosy
sidz — — — — — 691 ava pajosiun og'ezPWoRAW aydiynyy
juswyoaly soud
ou JHN opoiB
L (v oppib =) ¢ — — 44 sz 91z dOHD  -yBly ‘-sjpipauLisu|
Auo |y
0 z (uoyoajur ou) ¢ — ) € Sl aAgy  doud ‘gH pasdojey
Auo 1y
L el (uoyoajur ou) g — 44 Al ezl ddOW  ‘oud ‘gH pesdojay gz 22PWoyduwiA)
(%) yiaq snowdayu (%) (€ = oprib) (%) (z = aprib) (%) (%) (7 eppiB) (%) (7 appiB) sjuslog uswiBay Adoiey) (jo4) ABojoysiy Jedup)
fuoudsyu| Juensy oiuadoynap ojlige4 piuadouynan L puadoyna] jo 'oN Joug puo abpjg

(penuyuo)) °| |qoL

Downloaded from jco.ascopubs.org on July 13, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



3562 OZER ET AL

volved initial chemotherapy dose reduction or the use of amot convey a survival advantage, even in this very chemo-
alternative, less myelosuppressive chemotherapy regimen isensitive tumor. As indicated in Table 1, however, CSFs
the high-risk patient. The introduction of novel chemother-may permit completion of chemotherapy in patients with
apy and biologic agents or combinations in the 6-yearspecial circumstances, such as those with AIDS-related
period since the American Society of Clinical Oncology NHL or the elderly, but they still do not provide a benefit in
(ASCO) guidelines were first published has not resulted inclinical outcome, such as improved survival. Similar com-
an increase in the incidence of FN for initial therapy of any ments apply to patients undergoing treatment for Hodgkin’s
malignancy. diseas€®°>* Although CSFs may allow completion of ther
apy in patients with special circumstances and may reduce
the duration and severity of neutropenia in this setting,
1996 RecommendationPrimary administration of significant differences in delivered dose-intensity, hospital-
CSFs was shown to reduce the incidence of FN by approxizations, infections, and survival have not been determined
imately 50% in the three major randomized trials in adultsin this population.
in which the incidence of FN was greater than 40% in the Phase Il and Il data in testicular and nonseminomatous
control group. The value of primary CSF administration hasgerm cell tumors also demonstrate no difference in overall
not been clearly established in less myelosuppressive regor disease-free survivaf. CSF use allowed completion of a
mens, and the cost benefit of primary versus secondarfull six cycles of chemotherapy, with fewer toxic deaths
administration for the majority of initial chemotherapy among the high-risk group of patients, but again with no
regimens is unproven. It is recommended that primaryimpact on overall survival® This suggests that those
administration of CSFs be reserved for patients expected tpatients may be considered under the heading of “Special
experience levels of FN that are at least comparable to o€ircumstances” and may thus benefit from CSF use by
greater than those seen in control patients in these randonexception.
ized trials, ie, an expected incidenee 40%. Thus, for In the setting of breast cancer, there are, to date, no
previously untreated patients receiving most chemotherapprospective, multicenter randomized data demonstrating an
regimens, primary administration of CSFs cannot be recimprovement in disease-free or overall survival by increas-
ommended. ing the dose of doxorubicin beyond 60 md/m 4°° or by
2000 Update. Routine use of CSFs for primary prophy- applying dose-intensive chemotheray’? One must await
laxis of FN for any common disease in previously untreatedfurther maturation of data from already-completed and
patients is not justified by the existing data. CSFs have hadngoing randomized trials in order to better assess the effect
a disappointingly small impact to date on disease-free anaf high-dose chemotherapy on outcome. There are no direct
overall survival®>* It was anticipated that CSF use might data supporting a benefit for maintaining dose-intensity.
result in an improved cure rate, particularly for chemosen- The available data indicate that, with a sufficiently high
sitive tumors such as non-Hodgkin’s lymphoma (NHL), incidence of FN & 40%), there is strong evidence for the
small-cell lung cancer, testicular cancer, and breast canceprimary administration of CSFs to reduce hospitalization for
For the most part, either this has not been tested adequatesntibiotic administration. Cost-effectiveness modeling also
or no impact has been found. suggests that, depending on local cost factors, CSF admin-
In several of the trials that initially described a reduction istration may provide therapeutic savings if the expected
in the incidence of FN (with no impact on survival), the incidence of FN is at least 40%, but only in high-risk
regimens created excess FN and are considered too toxjatients or those requiring prolonged hospitalizations suffi-
without significantly improved anticancer efficacy to justify cient to exceed 10 to 14 days of CSF administration. In
current routine clinical us&~>3For example, in the largest patients receiving more typical routine initial chemotherapy
trial of CSFs in metastatic small-cell lung cancer, the rate of(the vast majority of newly diagnosed patients), CSF use for
FN was 40% for the control artiy a rate of 10% or less primary treatment cannot be recommended on either clinical
would be expected with current regimens. This topic hasor economic grounds. Primary administration of CSFs

General Circumstances

recently been reviewed in detafl>* should be reserved for only those patients who are consid-
Similar initial data in NHL also suggested the potential ered at high risk for FN due to special circumstances. Even
for lessened FN despite increased dose-inteRsityow- in this patient population, the treating physician should be

ever, the increase of approximately 10% in dose-intensityaware that the data are primarily modest for improved
has not resulted in an increase of either disease-free ailinical outcomes (complications of FN) or economic ben-
overall survival, either because the benefit is too small ( efit and that, because there are no data demonstrating an
5%) or because this degree of increased dose-intensity do@mprovement in response or survival, dose reduction and
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schedule modification remain acceptable alternatives to thélternative Approaches
increased cost incurred by use of CSFs.

. Th inciple alt i int ti ith Fh
2000 RecommendationNo change. e principle alternative to intervention with a CSF has

been chemotherapy dose modifications.

1996 RecommendationThere is evidence that CSF
administration can decrease the probability of FN in subse-

1996 RecommendationClinicians may occasionally be quent cycles of chemotherapy after a documented occur-
faced with patients who might benefit from relatively rence in an earlier cycle. Even if FN has not occurred, the
nonmyelosuppressive chemotherapy but who have potentialse of CSFs may be considered if prolonged neutropenia is
risk factors for FN or infection because of bone marrow causing excessive dose reduction or a delay in chemother-
compromise or comorbidity. It is possible that primary CSF apy. However, in the absence of clinical data supporting
administration may be exceptionally warranted in patients aimaintenance of chemotherapy dose-intensity, physicians
higher risk for chemotherapy-induced infectious complica-should consider chemotherapy dose reduction as an alter-
tions, even though the data supporting such use are natative to the use of CSFs.
conclusive. Such risk factors might include the following: 2000 Update. The data supporting the use of CSFs for
pre-existing neutropenia due to disease, extensive priosecondary prophylaxis are derived from the small-cell lung
chemotherapy, or previous irradiation to the pelvis or othercancer trial by Crawford et &t This trial enrolled 199
areas containing large amounts of bone marrow; a history opatients with metastatic small-cell lung cancer, 102 of
recurrent FN while receiving earlier chemotherapy of sim-whom were treated with cyclophosphamide, doxorubicin,
ilar or lesser dose-intensity; or conditions potentially en-and etoposide and 97 of whom were treated with cyclophos-
hancing the risk of serious infection, eg, poor performancephamide, doxorubicin, and etoposide followed by CSFs.
status and more advanced cancer, decreased immune fuiBRose patients in the control arm who developed neutro-
tion, open wounds, or already-active tissue infections. Thigpenic fever were allowed to receive open-label CSF as
is not meant to be an all-inclusive list; it is anticipated that, prophylaxis against infection for subsequent cycles of
depending on the unique features of the clinical situationchemotherapy. Those patients who were treated with open-
there will be instances when the administration of a CSHabel CSF in this part of the study had a shorter duration of
will be appropriate outside of uses recommended in otheneutropenia (6 days in cycle 1 and 2.5 days in cycle 2 with

Special Circumstances

guidelines. CSF) and a reduction in the rate of fever with neutropenia
2000 RecommendationNo change. (100% during cycle 1 and 23% during cycle 2), despite
receiving the same doses of chemotherapy for both cycles.
2. Guidelines for Secondary Prophylactic For patients on the placebo arm who did not develop
CSF Administration neutropenic fever on cycle 1, and who continued on
placebo, the duration of neutropenia was similar to that in
Definition of Problem cycle 1. Patients who remained on placebo had a continuing

low rate of FN (5%) that was even lower than that of
patients who crossed over and were receiving CSF. Thus,
t@e results of this one study provide some evidence of

the use of the CSF to a more restricted subset of patien T . . . . .
who are most likely to benefit from CSF support. In improved incidence of FN in patients with a prior episode of
. EN

addition, such a strategy can prevent the use of a CSF i 2‘000 R dationn th i ¢ ¢
many patients who might not need CSF support at all but ecommendationn the setling of many tumors

. . . %xclusive of curable tumors (eg, germ cell tumors), dose
who would nevertheless experience the inconvenience an . . .
reduction after an episode of severe neutropenia should be
cost of CSF support.

considered as a primary therapeutic option. No published
regimens have demonstrated disease-free or overall survival
benefits when the dose of chemotherapy was maintained

In providing secondary administration of a CSF, there isand secondary prophylaxis was instituted. In the absence of
the expectation that subsequent neutropenic complication dflinical data or other compelling reasons to maintain che-
chemotherapy may be circumvented. In addition, secondarynotherapy dose-intensity, physicians should consider che-
administration may allow chemotherapy dose maintenancanotherapy dose reduction after neutropenic fever or severe
which is important if it improves overall survival, disease- or prolonged neutropenia after the previous cycle of treat-
free survival, quality of life, toxicity, or cost-effectiveness. ment.

The rationale for secondary CSF administration in pa-
tients with a prior episode of FN is two-fold. It may direct

Clinical Outcomes
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3. Guidelines for CSF Therapy hematopoietic CSF¥.®> These studies failed to show
o clinical benefit, and despite being randomized, both in-
Definition of the Problem cluded significant study design defects. A large randomized

Patients with neutropenia are predisposed to infectiorstudy has subsequently been repofe@his trial assessed
because of the absence of granulocytes, the disruption of thiae effect of granulocyte CSF (G-CSF) treatment on severe,
integumentary, mucosal, and mucociliary barriers, and beehemotherapy-induced neutropenia in afebrile adults with
cause of the inherent microbial flora shifts that accompanycancer. All 138 patients had solid tumors or lymphoma and
severe iliness and antimicrobial usdgé® CSFs were were randomized to receive CSF or placebo. The time to
licensed to reduce the likelihood of patients developingneutrophil recovery of more than 5Q0/ was 2 days shorter
fever and neutropenia. A 1994 survey of CSF use found thator G-CSF—treated patients (24 days), but this statistical
34% of physicians surveyed would administer a CSF todifference was not accompanied by any apparent clinical
afebrile patients diagnosed with neutropetfisSeventy-  benefit. The need for hospitalization, the number of days in
three percent of surveyed physicians would use CSFs ithe hospital, the number of days of parenteral antibiotic
conjunction with IV antimicrobial agents after the onset of treatment, and the number of culture-positive infections
fever and neutropenia. Some physicians have initiated avere not reduced. The neutropenia in these patients was
CSF later in the infection course when the patient has failegprofound but short. Recent clinical data do not show clinical
to show clinical improvement or when the cause of thebenefit for the routine uses of CSFs in afebrile patients at the
infection is associated with a poor outcome (ie, invasivetime that neutropenia is diagnosed.

fungal infection, antibiotic-resistant bacteria). 2000 Recommendation Current evidence supports the
o recommendation that CSFs should not be routinely used for
Clinical Outcomes patients with neutropenia who are afebrile. The strength of

The goals of therapeutic intervention with the CSFs are tahis recommendation has increased with the trial reported in
reduce the incidence of infectious episodes and infection1997°%°
related morbidity and mortality. This improvement in sup-
portive care could potentially enhance a patient’s quality o
life by reducing the incidence and duration of hospitaliza- 1996 RecommendationFor the majority of patients
tion and antibiotic use, but the cost and toxicity of CSFwith FN, the available data do not clearly support the
therapy should be considered in all treatment decisions. routine initiation of CSFs as adjuncts to antibiotic therapy.

) However, certain FN patients may have prognostic factors

Alternative Approaches that are predictive of clinical deterioration, such as pneu-

The traditional alternative to prophylactic or therapeutic monia, hypotension, multiorgan dysfunction (sepsis syn-
CSF administration has been to manage patients witldrome), or fungal infection. The use of CSFs together with
neutropenia by monitoring temperature and ANC and byantibiotics may be reasonable in such high-risk patients,
initiating empiric, broad-spectrum antibiotics if fever devel- even though the benefits of administration under these
ops>*+%2 Patients with neutropenia and fever have oftencircumstances have not been definitively proven.
been hospitalized for empiric antibiotic therapy until infec- 2000 Update. Eight prospective, randomized, con-
tion and neutropenia have resolved completely. This aptrolled trials have been completed evaluating G-CSF, gran-
proach has been very successful, with a low incidence ofilocyte-macrophage CSF (GM-CSF), or both as adjunct
infection-related mortality. Recent studies of infection risk therapy for patients with chemotherapy-induced fever and
have now defined lower-risk patients who may be suitableneutropeni&’"*Six of these trials were placebo-controlled,

fB. Febrile Patients

for outpatient or home antibiotic therafi{?>¢3 four were double blind, and six provide strong evidence
) ] regarding clinical benefit (Table 2).
A. Afebrile Patients The largest trial was a study conducted in Australia and

1996 RecommendationData are inadequate in regard evaluated patients with fever and neutropenia who had
to whether patients with neutropenia but no fever will received chemotherapy for treatment of solid tumors, lym-
benefit clinically from the initiation of a CSF at the time phoma, or acute lymphoblastic leukemia (ALY).Study
neutropenia is diagnosed; intervention with a CSF in afeparticipants were treated with IV antibiotics and then
brile neutropenic patients is not recommended. randomized to receive G-CSF 1y/kg/d or placebo. The

2000 Update. Two small studies using CSFs in patients results of this trial were reviewed as part of the evidence
who were afebrile but neutropenic were reviewed in theincluded in the 1994 ASCO CSFs guidelifteThe duration
1994 version of the ASCO recommendations for the use obf neutropenia (ANC< 500/juL) was 1 day shorter for
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75 2o~ o G-CSF recipients, but there was no clinical improvement in
sz % S|~ 9o o days of fever, duration of antibiotic therapy, or hospitaliza-
Ef 5| “ o tion. The beneficial effect of G-CSF on neutrophil recovery
=23 Z|-96c was most evident among patients with solid tumors who
< L: were more than 10 days from completion of chemotherapy
s '§ N o %o o when they became febrile. There was a suggestion that there
oW | g = - . . .
Slg] o were fewer protracted hospital admissions among G-CSF—
S treated patients.
2R | B|wZ — .
S22 %1\; N9t oo Similar clinical results have been reported by four other
& - studies conducted among adult patieift® " The largest
= 3 of these studies evaluated 134 patients with solid tumors
Tl E{even-— and hematologic malignancié.Patients were randomly
SN assigned to receive GM-CSF at a dose qfghkg/d or
.| E| @ . . . .
8| 5|o - placebo. GM-CSF administration was not associated with a
2 IR Huwoo statistically significant decrease in the duration of hospital-
3| 3 3 ization. Quality-of-life indicators, including limitation of
5 3 o mobility, emotional distress, and decreased energy, were
[ = 3] H -
£ S|El 2|7 RN reported more frequently among GM-CSF recipients than
B| L|Elo among those who received placebo. The trial from Spain
E S g‘i’ %) 3’ s 153 enrolled 121 patients and used a three-arm design with both
2 Zs < 32 G-CSF and GM-CSF* CSF-treated patients had a statisti
3 ElE]oo cally significant decrease in the duration of neutropenia
8| 2EBE| -8 1 Hw (ANC < 500/uL) and the duration of hospitalization. There
§| 7 ©2 was a slight trend toward increased infection-related mor-
‘3 55 By o tality among G-CSF recipients. The trial conducted in
(1) ‘e © c o] ~0 .
z ;f] gl ¢ Houston enrolled 100 patients and compared GM-CSF
5| 1=l 8l g recipients to untreated control subje€ighis trial included
$ §N§ > gﬁ\; R a subset analysis, which reported that those patients with
:'6 E‘g = ;’\g pneumonia, cellulitis, abscess, or sinusitis had improved
§ a2 |° response rates (100%59%) when antibiotic therapy was
-EB 33,5 . Elo <o combined with GM-CSF. .
sl g = The group from France performed a randomized, un-
“les|E|og blinded trial of 68 adult patients with fever and neutrope-
i| 22|26 . . .
PRI om0 nia.”> GM-CSF treatment reduced the median duration of
S|TF| |02 neutropenia (ANC< 500/uL), days of antibiotic therapy,
g 8 - oo and duration of hospitalization by 1 to 1.5 days. The greatest
R benefit for GM-CSF therapy was seen for patients who had
g |8 \ggz = received chemotherapy that was considered to have less
HEFEI P z than a 15% risk of inducing fever during the neutropenic
3 52 o .
& & o period.
o 2 - § Studies among pediatric patients have shown some clin-
23 el 2 8z ical benefit. The largest pediatric trial enrolled 186 patients
Eel|B|lag Ve with leukemia, lymphoma, and solid tumdfs.Patients
5% |E & } wETon |8 ; s were randomized to receive G-CSF gi§/kg/d or placebo.
A 0B £ g P G-CSF therapy reduced the median hospital stay by 2 days
o % 2538 (5v 7 days) and the duration of antibiotic therapy by 1 day.
3 2, -]
§§ s |32 =E G-CSF therapy seemed to benefit three subgroups: (1)
“Q’ © R 2 ;5 _§ 3 = patients with ALL or those not receiving dose-intensive,
'§ ) _§ ‘3; § ‘é 5" é é alkylating agent—based regimens; (2) patients with early
£ZERE onset of fever € 10 days) after chemotherapy completion;
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and (3) those without documented septicemia or focalantibiotic therapy for some patients with an uncomplicated
infection. infection and a sustained neutrophil recovery (ANE

A second pediatric trial failed to show a decrease in thel,000uL). Recommendations that support shorter duration
duration of neutropenia, but the duration of hospitalizationof antibiotic treatment, or that report success with outpatient
was shorter for GM-CSF recipient.In all eight adjuvant therapy of uncomplicated episodes of fever and neutrope-
studies, the infection-associated mortality was low andnia, suggest a lesser chance that CSFs will be beneficial
unaffected by CSF therapy. when used in low-risk patients.

Cost analysis was performed for three of the randomized Conversely, subset analysis in several of the adjunctive
trials#86%71The pediatric trial was a prospective analysis therapy studies suggested that certain groups of patients
that included costs of hospital bed days, antimicrobialcould benefit from adjunctive CSF therapy, but these
agents, blood products, parenteral nutrition, and G-CSFconclusions are inconsistent. The pediatric trial reported
The median total cost per episode of fever and neutropenianhanced benefit for patients with ALL or those patients
was more expensive for placebo-treated patients than fowho did not receive dose-intensive alkylating treatment
G-CSF-treated patients ($5,169%4,147), but this differ- regimens, for patients with early-onset fever (0 days
ence was not statistically significant. The relative hospitalfrom chemotherapy), and for patients without a documented
room costs and antimicrobial charges were significantlyinfection site®® The Australian study reported benefit only
lower for the CSF recipient€ In contrast, the cost analysis for patients with solid tumors who developed fever more
performed for the other two trials reported trends towardthan 10 days after completing their chemother&py¥he
decreased cost for placebo recipients rather than for CSFstudy from Houston reported that CSFs improved outcomes
treated patients>’* primarily for patients with documented pneumonia, celluli-

A group from the Netherlands has developed a “Markov-tis, abscess, or sinusiti8. The group from France reported
type” economic model that calculates all relevant directmaximum benefit from CSFs for patients receiving chemo-
costs and savings of CSF theraf\8avings associated with therapy associated with a low risk of fever and neutropenia.
CSFs in this study were highly dependent on the probabilityThese reported differences cannot be reconciled; they likely
of the occurrence of fever and neutropenia. This probabilityrepresent the difficulties inherent in subset analysis of small
differs among malignancies, treatment modalities, healtfpatient groups and would need to be confirmed in larger
conditions of the patients, disease status at time of therapypatient trials.
and institutional policies regarding antibiotic discontinua- The risk of serious infection and poor outcome depends
tion and hospitalization. This model found savings only on the duration of profound (ANG: 100/juL) neutropenia,
with the administration of CSFs to patients with a high risk the degree of the therapy-induced mucosal and mucociliary
of complicated infections. barrier damage, and the specific infection pathogen (ie,

There is some variability in outcomes among the eightinvasive yeast and molds, antibiotic-resistant bactéfia).
published trials. These discrepancies are likely secondary tBatients with these higher-risk characteristics are those who
differences in patient characteristics, study design, sampléheoretically could benefit from adjunct CSF therapy, as
size, and data analysis, as well as possible clinical differindicated by data published in abstract form offiyCon
ences between G-CSF and GM-CSF in this therapeutitinued study is required to determine whether such high-risk
setting. Institutional policies regarding the timing of antibi- patients can be prospectively identified and whether CSF
otic discontinuation or need for hospitalization may alsotherapy will reduce mortality, hospitalization time, and
have hampered the ability of a CSF to influence theseanfection-associated morbidity and treatment expense.
clinical parameters. The timing of antibiotic discontinuation 2000 Recommendation.The collective results of the
remains controversial. The Infectious Diseases Society oéight trial$”-"*provide strong and consistent support for the
America clinical guideline recommends that antibiotics berecommendation that CSFs should not be routinely used as
continued for at least 7 days and until all clinical and adjunct therapy for the treatment of uncomplicated fever
microbiologic signs of infection have resolved and the ANC and neutropenia. Uncomplicated fever and neutropenia are
is more than 50QZL.>* The National Comprehensive Gan defined as follows: fever of= 10 days in duration; no
cer Network (NCCN) clinical guideline recommends that evidence of pneumonia, cellulitis, abscess, sinusitis, hypo-
the duration of antibiotic treatment be individualized but betension, multiorgan dysfunction, or invasive fungal infec-
based on neutrophil recovery, specific site of infection andtion; and no uncontrolled malignancies. The eight trials
pathogen, and the status of the patient’s underlying diseasbave consistently shown a decrease in the duration of
The NCCN guideline recommends as little as 4 days ofneutropenia of less than 5QQ/, but clinical benefit has not
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consistently accompanied the decreased duration of neutravas not associated with increased FN or sepsis but did
penia. improve survival significantly’ In this trial with a 2 X 2
Certain patients with fever and neutropenia are at highefactorial design, no benefit was achieved in reduction of
risk for infection-associated complications and have prog-myelosuppressive complications by the addition of GM-
nostic factors that are predictive of poor clinical outcome.CSF. Collectively, both the randomized and retrospective
The use of a CSF for such high-risk patients may begnalyses have generated interest in using the CSFs to

considered, but the benefits of a CSF in these circumstanceg,pport increased chemotherapy delivery rather than to
have not been proven. These factors include profoungeqyce the toxicity of standard regimens.

(ANC < 100/juL) neutropenia, uncontrolled primary dis-

ease, pneumonia, hypotension, multiorgan dysfunctiorb”niCaI Outcomes

(sepsis syndrome), and invasive fungal infection. Age

greater than 65 years and posttreatment lymphopenia may It has been hoped that administration of a CSF in support
also be high-risk factors but have not been consistentlyof chemotherapy can result in improved chemotherapy
confirmed by multicenter trials. dose-intensity and consequent increases in response rates

and duration of response.
4. Guidelines for Use of CSFs to Increase Chemotherapy
Dose-Intensity Alternative Approaches

Definition of Problem The principal alternative to providing higher chemother-

In preclinical systems, there is substantial evidence for Py dose-intensity with CSF support has been the adminis-
steep dose-response curve for many antineoplastic agentgation of standard-dose chemotherapy with dose modifica-
However, clinical evidence for a dose response beyondion for neutropenic and other toxicities.
those doses used in standard chemotherapy regimens hasl996 Recommendation.Outside of clinical research
been variable and limited. Most clinical evidence for thetrials, there is little justification for the use of CSFs to
importance of chemotherapy dose has been of two typesncrease chemotherapy dose-intensity. In settings in which
The first of these is derived from retrospective analyses otlinical research demonstrates that dose-intensity therapy
delivered dose or dose-intensity, usually as a fraction of thahot requiring progenitor-cell support produces improvement
specified by the protocol. While intriguing, these analysesin disease control, CSFs should be used when these thera-
cannot definitively prove that drug dose is directly related topjes are expected to produce significant rates of FN (eg,
therapeutic effect; the alternative possibility is that toxicity jn = 40% of patients).
leading to dose reduction acts as a marker of patients with 2000 Update. Several studies have demonstrated the
poor prognoses and that higher doses of chemotherapy ovefssibility of achieving a modest to moderate increase in
and above that which can be delivered under normay,se intensity using CSFs as an adjunct to higher-dose
circumstances are of no benefit. _The secor_1d type of eV"chemotherap)??"'m‘S“ Unfortunately, the number of ran
dencg comes from the retrospective analy5|§ of pl_Jb“She(aomized, multicenter clinical trials in nonhematologic ma-
data in Whlch regimens are allocatgd a dose-intensity SCOrf?gnancies that have demonstrated a survival benefit for
compared with some standard regimen. These analyses ar

. - .patients receiving higher-dose therapy remains extremely
prone to bias because of differences between protocols with . " “oc . S
. L . imited,” and increased toxicity is frequent. In the absence
respect to patient characteristics or supportive care.

In addition to the retrospective reviews of dose-intensity,Of a greater number of positive randomized trials in specific

there have been examples of prospective studies in whicﬁ_ettmgs’ this treatment ?‘pProaCh must be apprgached cau-
patients have been intentionally assigned lower-than-starfi0Usly- In the vast majority of trials to date, increased
dard chemotherapy doses; the results suggest decreas@ﬂs?"mens'ty has not been demonstrated to improve overall
disease control and worsened survival compared with thosgUrvival.

achieved with conventional doses. A few randomized clin- 2000 RecommendationIn the absence of more trials
ical trials also indicate that dose-intensity greater than thaflémonstrating a favorable effect on overall survival, dis-
of conventional therapy but less than that requiring progenease-free survival, quality of life, or toxicity, there is no
itor-cell support improves disease control. One of thesgustification for the use of CSFs to increase chemotherapy
randomized trials in small-cell lung cancer demonstrateddose-intensity or schedule or both outside of a clinical trial.
that dose intensification of ifosfamide/carboplatin/etopo-This application of CSF use remains the domain of appro-
side/vincristine to a 3-week rather than a 4-week regimerpriately designed clinical investigation.
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5. Guidelines for Use of CSFs as Adjuncts to Progenitor- recovery of patients who experience delayed or inadequate
Cell Transplantation neutrophil engraftment after PBPC transplantation. CSFs
can be routinely recommended as adjuncts to allogeneic and
autologous PBPC transplantation, both for mobilization of
The major complications of high-dose chemotherapyPBPCs and as a means to speed hematopoietic reconstitu-
supported by autologous bone marrow transplantatioriion after BMT or PBPC transplantation. Administration of
(BMT) or peripheral-blood progenitor cell (PBPC) trans- a CSF in cases of engraftment failure is warranted.
plantation are disease recurrence, infection, the need for 2000 Update. PBPCs may be less contaminated than
RBC and platelet transfusions, delayed or incomplete enbone marrow collections with tumor cells, although the
graftment, organ damage from the ablative regimen, prommobilization process may lead to migration of tumor con-
longed hospitalization, and the high cost of treatment. Theséaminants into the peripheral circulation; the clinical signif-
same problems, plus graft-versus-host disease (GvHD) anidance of such phenomena is controver¥ia® Increas
graft rejection, are also present in patients undergoingngly, CSF-mobilized PBPCs procured from healthy donors
allogeneic BMT. are used in the setting of allogeneic transplantation, provid-
ing faster hematopoietic recovery, similar to the autologous
setting® One major concern regarding the use of donor-
CSFs have been administered after both autologous anderived, mobilized PBPCs is the theoretical potential for an
allogeneic BMT in anticipation of reducing the severity of increased incidence and/or severity of GvHD. Preliminary
infectious complications and thereby decreasing hospitaldata suggest no such adverse effect regarding acute GvHD
ization time, reducing costs, and improving quality of life. and the possible increase in the incidence/severity of
Use of the CSFs to mobilize PBPCs into the circulation forchronic GvHD; an ongoing multi-institutional, randomized,
collection is expected to enhance progenitor numbersprospective study is currently assessing GvHD-related com-
lessen the frequency, duration, and cost of leukopheresiglications after donor-derived, CSF-mobilized PBPC trans-
procedures, and potentially speed hematologic recoverplantation versus BMT°°1°2 CSFs, when administered
after transplantation of the CSF-mobilized cells. shortly after reinfusion of PBPCs and at least within 5 days
after autologous PBPC reinfusion, shorten the duration of
neutropenia. The optimal timing is still under investiga-
The primary alternatives to administration of CSFs aftertion.*°3*°*CSFs, when administered after PBPC reinfusion,
cytoreduction and PBPC transplantation have been moniaccelerate neutrophil recovery and lower costs after alloge-
toring of temperature and ANC, initiation of antibiotic neic BMT and after reinfusion of autologous PBP€%1°®
therapy if a fever develops, and continuation of hospitaliza-The therapeutic role of G-CSF in the treatment of relapsed
tion until satisfactory resolution of infection and neutrope- acute and chronic leukemias after allogeneic BMT requires
nia. Before CSFs were used to increase PBPC numbergonfirmation:®’
these cells were collected without CSF-assisted mobiliza- 2000 Recommendation CSFs are recommended to help
tion, either by performing multiple leukophereses in steadymobilize PBPCs and after PBPC infusion. Mobilized PB-
state or by using high doses of chemotherapy alone to forc®Cs have largely replaced bone marrow—derived cells for
progenitor cells into the blood for collection. use in autologous transplantation. Side effects associated
1996 Recommendation CSFs can successfully shorten with mobilization and subsequent apheresis are usually
the period of neutropenia and reduce infectious complicatimited and include constitutional symptoms and a decrease
tions in patients undergoing high-dose cytotoxic therapyin platelets and other hematopoietic elements, especially
with autologous BMT. CSFs are effective in mobilizing after mobilization with combinations of chemotherapeutic
autologous PBPCs for transplantation, and autologousgents and a CSF. The optimal dose of CSFs and chemo-
PBPC transplantation has been shown to lead to earlietherapeutic agents is the subject of ongoing investigations,
hematopoietic recovery than autologous BRFF’ Trials but a higher (10ug/kg/d) dose of G-CSF in the setting of
have demonstrated the value of CSF administration aftemobilization may yield greater content of CD34rogent
high-dose chemotherapy and PBPC transplantdfidA. tor cells in the PBPC product, as documented in patients
Available data suggest clinical benefits after allogeneicwith hematologic malignancies and in patients with rheu-
BMT, and routine primary CSF administration in this matoid arthritisS®°% Although the optimal method of
setting seems warrant8l. CSFs can also be used to mobilization needs further investigation, especially in
mobilize donor PBPC for allogeneic transplantatidfi>  heavily pretreated patients, administration of G-CSF, either
There also may be a role for the CSFs in assisting in thealone or in combination with GM-CSF, or after the use of

Definition of Problem

Clinical Outcomes

Alternative Approaches
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chemotherapeutic agents, generates PBPCs, leading to rapduld decrease the incidence of serious bacterial infections
hematopoietic recovery, shorter hospitalization, and possiand fungal infections, minimize time spent on empiric
bly reduced cost&'°° 1 Further investigations are neees therapy with amphotericin-B, reduce hospitalization time,
sary to assess the potential risks, especially that of secondhcrease the likelihood of achieving an initial complete
ary hematologic malignancies associated with the use ofemission, and promote delivery of subsequent therapy
combining chemotherapeutic agents and C8£3he role  more safely and cheaply. Although reduced infectious
of CSF-mobilized donor bone marrow in the autologousmortality remains the most important potential consequence
transplant setting is also under assessment. of postchemotherapy CSF administration, this is a difficult
end point to evaluate with statistical confidence because of
6. Guidelines for Use of CSFs in Patients With Acute  the effectiveness of current antibiotic and antifungal thera-
Leukemia and Myelodysplastic Syndromes pies. It is important to place such comparisons in clinical
perspective, as results that are statistically significant but
clinically insignificant do not help decision makers. Use of
Essentially all patients with acute leukemia receiving CSFs as primers for chemotherapy might enhance response
induction therapy, and most such patients receiving intenrates and disease-free survival. In patients with MDS, a
sive, postremission consolidation therapy, develop feverseduction in the number and severity of neutropenic infec-
that require hospitalization and IV antibiotics until neutro- tions and improvements in quality of life would be envi-
phil recovery occurs. Although morbidity and death from sjoned.
hemorrhage can occur in patients with associated coagu- The potential for adverse effects with CSF administration
lopathy or those with alloimmunization and refractoriness toin patients with myeloid malignancies also exists. Because
platelet transfusion, infectious complications remain themost myeloid leukemia cells express receptors for the CSFs,
major supportive care problem in the treatment of patientgyostchemotherapy stimulation of leukemia growth has been
with acute leukemia. This is particularly true in older a concern. Similar anxiety has arisen regarding CSF admin-
patients, in whom infectious deaths represent a major causgtration in patients with MDS, in whom conversion to overt
of failure to achieve complete remission. In patients wholeukemia is a natural feature of the disease. In patients
survive, complications of infections can compromise theundergoing CSF priming, it is conceivable that the CSF
ability to safely deliver postremission or subsequent thermight prevent chemotherapy-induced apoptosis of leukemia
apy. In particular, fungal infections, which frequently occur cells. Therefore, randomized comparisons of complete re-
later in the course of treatment, are difficult to treat andsponse rate must be performed, with particular emphasis on
result in greater morbidity and mortality. Pulmonary and differences in treatment failure caused by persistence of
hepatic fungal infections and renal damage associated witQrug-resistant leukemia. Because CSF-primed patients re-
amphotericin-B therapy can preclude administration ofceive chemotherapy and CSFs concurrently, stimulation of
potentially curative postremission consolidation with che-normal hematopoietic precursors with increased cytotoxic-
motherapy or BMT. In patients with myelodysplastic syn- jty against these elements might actually result in more
dromes (MDS) and chronic neutropenia, infection remains grolonged marrow aplasia. Lastly, it is current practice to
major cause of morbidity and mortality, with the rate of administer amphotericin-B to neutropenic patients receiving
infection directly related to the degree of neutropenia.  antibiotics who have persistent fever or other constitutional
Data have been generated showing that the CSFs have tRgmptoms. If such side effects occur after CSF administra-
potential to alter cell-cycle kinetics in patients with acute tion, it is possible that more, rather than fewer, patients will
myeloid leukemia (AML) such that drug sensitivity to receive amphotericin-B or other changes in antibiotics, not
S-phase-specific agents such as cytarabine could be efecause of infectious problems, but because of CSF-in-
hanced. These in vitro data suggest that the CSFs have thRiced toxicity. In view of all these issues, it is essential that
potential to increase the effectiveness of treatment if adminrandomized trials be double-blinded with a placebo admin-
istered before and/or concurrently with chemotherapy asstered in the control arm.
leukemic cell “priming” agents.

Definition of Problem

Alternative Approaches

Clinical Outcomes At this time, standard support after induction chemother-

Because of the underlying disease and the intensity of thapy for leukemia consists of careful monitoring for infection
chemotherapy administered for AML, CSF use will not and empiric institutions of antibiotics and antifungal agents
eliminate severe neutropenia, but it may shorten the durain febrile patients. There is still controversy about the value
tion of neutropenia. Theoretically, CSF administration of prophylaxis with oral antibiotics and antifungal agents.
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Neutropenic patients with MDS are conventionally pro- initiation of the CSF. However, since the results were
vided antibiotic support in response to fever or infection. similar using the two approaches, one could infer that
delaying the start of the CSF for 2 to 3 days does not reduce
A. AML the effect and could result in some cost savings. It should be
1996 RecommendationPrimary administration of a emphasized that these different schedules have not been
CSF can be used after completion of induction chemothereirectly compared in randomized trials. (6) CSF use had no
apy in patients 55 years of age or older. Although there areffect on platelet or RBC transfusion requirements. (7)
fewer data, it is likely that the results showing shortening ofComparative studies have not been done, but the overall
the duration of neutropenia may apply to younger patientgesults suggest similar effects for G-CSF and GM-CSF. (8)
as well. CSFs given either before and/or concurrently withOverall, during intensive chemotherapy for adult AML
chemotherapy for priming effects still cannot be recom-patients, clinical benefits included a shortening of hospital

mended outside of a clinical trial. stays and cost savings of $2,230 and $2,310 in two studies
2000 Update. PRIMARY CSF ADMINISTRATION AFTER IN-  and an increase in costs of $120 in a third stirfy:>>126
DUCTION CHEMOTHERAPY FORAML. Multiple, placebo-con- CSFPRIMING OF LEUKEMIA CELLS IN PATIENTS WITH AML.

trolled, randomized studié¥ %2 have been conducted to In vitro studies have suggested that the CSFs have the
evaluate the use of either GM-CSF or G-CSF begun aftepotential to alter cell-cycle kinetics such that cytotoxicity
completion of induction therapy in newly diagnosed adult from cell-cycle—specific agents, such as cytarabine, could be
patients with AML. Most, but not all, of the trials enrolled enhanced?’ Four prospective randomized trials have eval
predominantly older patients with AML. Although there are uated this approach by using GM-CSF begun before the
modest differences in design among the studies, the overaihitiation of chemotherapy: three trials included patients
conclusions are remarkably similar and are as follows: (1)yeceiving initial induction therapy:®*?**?“and the other
The addition of the CSFs decreased the time to recovery tincluded patients receiving high-dose cytarabine therapy for
500 neutrophils/mrhby 2 to 6 days. These studies did not AML in first relapse*?® An additional small trial evaluated
use standard definitions of the duration of neutropeniathe effect of G-CSF begun 2 days before induction chemo-
which perhaps accounts for the differences in magnitude ofherapy in patients with relapsed or refractory AN,

the effect. (2) Except for one study whose findings wereThere was no improvement in any study in response rate,
discrepant from the othef$? there was no benefit from the response duration, or overall survival in patients receiving a
use of CSFs in terms of improvement of complete respons€SF before and during their induction chemotherapy.
rates. Alternatively, there was no evidence of stimulation of CONSOLIDATION THERAPY FOR PATIENTS WITH AML IN
leukemia growth and enhanced drug resistance after the us®mPLETE REMISSION Postremission chemotherapy is rou-
of CSFs, except in one small study in which a lower tinely administered to patients with AML in an attempt to
complete response rate in the group of patients receivingncrease the fraction of long-term, disease-free survival in
GM-CSF may have been related to maldistribution of otheryounger patients. In most centers, this chemotherapy is
prognostic factord?* (3) Most, but not all, studies showed administered either in the outpatient setting or during a brief
statistically significant reductions in the duration of hospi- hospital admission after which the patient is discharged to
talization and antibiotic use in patients receiving CSFs. Thethe outpatient setting. Two large randomized trials evalu-
CSFs did not significantly prolong hospitalization in any of ated the role of G-CSF given after completion of relatively
the studieg?® (4) Except for one small study, CSF use had standard consolidation theragy*3°to such patients. Both

no effect on patient survivaf® Further analysis of this demonstrated marked decreases in the duration of severe
study suggested that clinical benefits were restricted to aeutropenia, with elimination of severe neutropenia in a
subpopulation of patients who required two courses ofsubfraction of patients. This was associated with a de-
induction therapy?* (5) In some studies, the CSF was not creased rate of infection requiring antibiotic therapy. There
begun until marrow aplasia was demonstrated on bonevas no effect on complete response duration or overall
marrow biopsy after the completion of chemotherdpy*®  patient survival. Similarly, shortening of the duration of
functionally, this resulted in a 2- to 3-day gap between theneutropenia compared with a prior cohort treated without
end of chemotherapy and the initiation of the CSF. In otherG-CSF was noted in a study evaluating intensive consoli-
studies, however, the CSF was begun the day after compledation chemotherapy with a less standard, investigational
tion of chemotherapy with no requirement for marrow regimen*3°

biopsy assessmeht®*'712°The results seem to be identical 2000 RecommendationCSF use can be considered in
using these two approaches, and it would seem that it is nahis setting if benefits in terms of possible shortening of
necessary to routinely perform bone marrow biopsies beforéospitalization outweigh the costs of CSF use. Several
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studies have shown that CSF administration can produc&-CSF and a policy of best supportive care in patients with
modest decreases in the duration of neutropenia when beguiMDS.*33 Although the overall rate of transformation to
shortly after completion of the initial days of chemotherapy frank AML was similar in the two groups, overall survival
of the initial or repeat induction. Beneficial effects on end was shorter in the G-CSF recipients with refractory anemia
points such as duration of hospitalization and incidence ofand excess blasts. There is no clear-cut explanation for this
severe infections have been variable and modest, althougbbservation, but prolonged or continuous treatment with
patients 55 years of age or older are most likely to benefilG-CSF cannot be recommended in patients with MDS.
from CSF use. No study has yet demonstrated significanOngoing trials are evaluating whether the addition of
improvement in complete response rates or long-term out&-CSF to erythropoietin increases the response rate com-
come. Thus, while there seems to be minimal risk associatedared with erythropoietin alone.
with the use of CSFs in this situation, the choice of whether 2000 RecommendationNo change.
or not to use the CSF is likely to be determined by cost ) o o
considerations. In a nutshell, the cost of the cytokine musC- ALL (Note. This topic is new to the guideline.)
be balanced against any possible shortening of hospitaliza- Evidence-Based ReviewUsing study designs similar to
tion associated with the slightly more rapid marrow recov-those for patients with AML, six studié$?*3° of which
ery, as, for example, in patients 55 years of age or older. Ifive were prospectively randomized tridf€;**8 evaluated
is not known from the published data whether the CSFghe effect of G-CSF in both adults and children receiving
significantly accelerate recovery to ANCs of 100 to 200/initial induction and postremission therapy for ALL. A
mmme. In most patients, regenerating counts of this level aremajor difference from AML, however, is that after multi-
sufficient to protect against infection so as to permit safedrug therapy given for the first 3 to 6 days of each treatment
discharge of patients from hospital. course, most protocols for patients with ALL have addi-
There is no evidence that CSFs given either before otional therapy, usually corticosteroid/antimetabolite—based,
concurrently with chemotherapy fa@riming effectsare of  given either intermittently or continuously. Thus, in contrast
benefit, and their use in this fashion cannot be recommended AML studies, some of the ALL studies administered
outside the setting of the clinical trial. G-CSF concurrently with some chemotherapeutic drugs. In
There seems to be more profound shortening of theaddition, the regimens used in these studies were more
duration of neutropenia aftezonsolidation chemotherapy heterogeneous than those in the AML studies, and although
for patients with AML in remission. Although the random- most of the studies started the G-CSF shortly after the
ized studies did not address this issue, it is likely that thiscompletion of the first few days of chemotherapy, the
will be associated with decreased rates of hospitalizationiargest study in childrefd® and a smaller study in adutt§
and possibly shorter durations of hospitalization in suchdid not begin G-CSF/placebo until day 30 of initial induc-
patients. No benefit has been demonstrated in terms dfon therapy.
prolongation of complete response duration or overall Nonetheless, most of the findings were similar. Although
survival; however, the available evidence indicates that thehree of the trials were relatively smalk(40 patients/
CSFs can be recommended after the completion of consolarm)2¢*38 and not all trials were double-blinded and
idation chemotherapy. placebo-controlled, they all demonstrated shortening of the
duration of neutropenia (generally defined as recovery to
B. MDS 1,000 neutrophils/mA) after both the first and second
1996 Recommendation.CSFs can increase the ANC in courses of induction chemotherapy. The largest studies in
neutropenic patients with MDS. Data supporting the rou-adults®*and childre#®***°showed reductions in the dura
tine, long-term, continuous use of CSFs in these patients ariéon of neutropenia of 6, 8, and 5 days. The effect on other
lacking. Intermittent administration of CSFs may be con-clinical parameters, such as the incidence of severe infec-
sidered in a subset of patients with severe neutropenia antibns or FN, the frequency and duration of hospitalization,
recurrent infection. and the ability to deliver the regimens on time, were
2000 Update. Morbidity and death from infection as a variable. In the large (198 patients) trial in adults conducted
consequence of chronic, severe neutropenia are common lsy Cancer and Leukemia Group B, there was a trend toward
patients with MDS. CSFs can increase the level of circulat-a higher complete response rate in patients receiving G-
ing neutrophils in patients with MDS, with clinical im- CSF, particularly in patients more than 60 years 'St
provement of infections in some such patiehits™*>The  Given the very high complete response rate in children with
ANC declines when the CSF is discontinued. These obserALL, the trials were not designed to detect further improve-
vations were confirmed in a randomized trial comparingments in this parameter. The largest pediatric trial (164
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patients), conducted at St Jude’s Children’s Research Hossomment on any effects on infectious complications and, in
pital (Memphis, TN), did demonstrate shorter median hos-articular, on whether there may be an adverse effect on
pital stays and fewer documented infections, although theesponse rates in some patients with myeloid malignancies
overall requirement for hospitalization was not decreasedecause of a stimulatory effect on leukemia growth in a
and the overall costs were $2,497 high&There was no situation in which there is less of a guarantee that chemo-
improvement in disease-free or overall survival associatedherapy will produce sufficient cytoreduction. Therefore,
with the use of G-CSF in any of the five randomized trials. there is no evidence that CSFs are of important benefit in
2000 RecommendationThe data are sufficient to rec- patients with refractory or relapsed myeloid leukemia, and
ommend G-CSF administration begun after completion ofthey should be used judiciously or not at all in such patients.
the first few days of chemotherapy of the initial induction or
first postremission course, thus shortening the duration of - Guidelines for Use of CSFs in Patients Receiving
neutropenia of less than 1,000/rrby approximately 1~ Concurrent Chemotherapy and Irradiation
week. Effects on the incidence and duration of hospitaliza-_ . ..
tion and the acquisition of serious infections are Iess.Deflnltlon of Problem
consistent. Although there was a trend for improved com- In theory, adding chemotherapeutic agents such as cis-
plete response rates in one large stiifyparticularly in  platin and fluorouracil to high-dose radiation therapy can
older adults, there was no prolongation of disease-free okill tumor cells outside a radiation field, and these agents
overall survival in any of the trials. G-CSF can be given can also act as radiation sensitizers within the féfd**In
together with the continued corticosteroid/antimetaboliteclinical practice, concurrent chemotherapy and radiation
therapy, which is a feature of many ALL regimens, without therapy may be important in the treatment of some malig-
evidence that such concurrent therapy prolongs the myelorancies; the clinical evidence has been most persuasive in
suppressive effects of the chemotherapy. As in AML, it is patients with esophageal cancer, demonstrating better local
not known from the published data whether the CSFscontrol and survival with combined chemoradiotherafy.
significantly accelerate recovery to ANCs of 100 to 200/ 147 In patients with lung cancer, randomized studies have
mm?. In most patients, regenerating counts of this level aresuggested that combination chemotherapy in addition to
sufficient to protect against infection so as to permit safehigh-dose radiation results in improved survival compared
discharge of patients from the hospital. The use of G-CSmwith irradiation aloné:****°Although mucositis and pneu
for children with ALL was associated with small benefits in monitis have been the primary dose-limiting toxicities with
days of antibiotic use or in-hospital days, although a smallfadiation, the addition of chemotherapy has provoked suf-
amount of additional costs was incurred, after the costs oficient hematologic toxicity to spur interest in administra-
the CSFs were taken into consideration. Cost estimates dfon of CSFs.
CSFs for adults with ALL have not been reported.
Clinical Outcomes
D. Leukemia in Relapse (Note. This topic is new to the CSF support of chemoradiotherapy might be expected to
guideline.) decrease the incidence and severity of neutropenic compli-
Evidence-Based ReviewThere have been few random- cations. In addition, based on preliminary observatitfis,
ized studies in patients treated in relapse for AML or ALL. there has been the prospect that mucositis associated with
One of the earliest studies of CSFs evaluated a heterogé&ombined-modality cytotoxic treatment might also be re-
neous group of patients with relapsed leukemia and demduced by CSF use.
onstrated faster neutrophil recovery in patients receiving .
G-CSF after completion of chemotheral#y.In patients Alternative Approaches
with relapsed ALL, a small study suggested more rapid The principal alternative to intervention with a CSF has
neutrophil recovery compared with historical controls, with been chemotherapy dose modification or interruption in
no effect on infectious morbidity or response rte. administration of radiotherapy. Antibiotics, pain relief, nu-
2000 Recommendation.The available data are not suf- tritional support, corticosteroids, and other similar measures
ficient to recommend either for or against the use of CSFs irthave been provided to blunt the toxicities of combined-
patients with refractory or relapsed ALL. Few controlled modality therapy.
studies have evaluated CSFs in patients with relapsed or 1996 RecommendationCSFs should be avoided in
refractory acute leukemia. The available data suggest shorpatients receiving concomitant chemotherapy and radiation
ening of the duration of neutropenia but are inadequate taherapy.
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2000 Update. CSFs have been shown in several studiesfurther studies are required to ascertain the optimal sequenc-
to reverse the effect of radiation therapy, with or without ing.
chemotherapy, on neutrophil counts. The clinical benefit of 2000 RecommendationCSFs should be avoided in
this effect may facilitate the administration of radiation patients receiving concomitant chemotherapy and radiation
according to schedule, but an impact on outcomes has ndherapy, particularly involving the mediastinum. In the
been demonstrated. The major concern about the use @bsence of chemotherapy, in patients receiving radiation
CSFs as supportive therapy for combined chemoradiatiotherapy involving large fields, therapeutic use of CSFs may
lies with findings that suggest a possible deleterious effecbe considered if prolonged delays secondary to neutropenia
on platelet count. The principal study demonstrating thisare expected.
finding is the Southwestern Oncology Group study of the
role of CSFs in patients treated with concurrent chemora8- Guidelines for Use of CSFs in the Pediatric Population
diation*>* This randomizgd trial_ treated_ 215 ass_essapleDefinition of Problem
small-cell lung cancer patients with a regimen of cisplatin,
etoposide, and thoracic irradiation; 108 received GM-CSF In contrast to adults with cancer, the majority of pediatric
and 107 did not. Although grade 4 neutropenia occurred, th@atients are treated on clinical research protocols. Chemo-
study also found a significant increase in thrombocytopenigherapy for pediatric cancers is generally more intensive,
in the GM-CSF arm: the incidences of grade 3 and grade 4nd myelosuppression is thus more frequent and severe.
platelet toxicity were 54% and 35%, respectively, in the Infants receiving chemotherapy are at a particular risk for
treated group and Only 12% and 6% in the control popu|a_neutr0penic morb|d|ty because of the immaturity of the
tion. Most of the toxicity occurred in the second course ofhematopoietic and immune systems. These factors can
treatment, although the effect persisted in subsequerificrease the incidence of FN and the potential for life-
courses. In addition, there were more toxic deaths (mine threatening infections. However, there is an acceptable
one,P < .01) in the GM-CSF arm, with the majority being risk-to-benefit ratio because of the greater curability of most
related to pulmonary toxicity. Studies of lesser strengthPediatric cancers.
demonstrating the deleterious effect on platelets include %I' ical Out
nonrandomized comparison of non—small-cell lung cancer inical Lutcomes
patients treated with cisplatin, etoposide, mitomycin, and The same end points used in the previous guidelines
chest irradiation, in which the mean nadir platelet count wasshould be considered in determining CSF benefit in pediat-
131 10%in seven patients who received the growth factor.ric patients, eg, incidence of FN, length of hospital stay,

Several small studies of CSFs in patients undergoingntibiotic use, therapeutic costs, and quality of life.
large-field irradiation have demonstrated that CSFs may .
help ameliorate the effect of radiation on neutropenia. Theséqltem‘"‘t've Approaches
possible benefits have been seen in studies using CSFs afterAlternative approaches for pediatric patients receiving
WBC count depression in craniospinal radiotherapy and ahemotherapy would be to treat without CSFs, modifying
variety of large-field applications, and prophylactically in chemotherapy doses and providing antibiotic support as
Hodgkin’s disease and multiple myeloma. A possible mechnecessary.
anism for the impact on platelets may be the demonstration 1996 RecommendationIn the absence of conclusive
that blood colony-forming units—megakaryocytes inducedpediatric data, the guidelines recommended for adults are
by CSFs may be more radiosensitive to radiation thargenerally applicable to the pediatric age group. However,
nonrecruited marrow progenitors. There is evidence indicatoptimal CSF doses have yet to be determined. Further
ing the potential for an adverse interaction between mediclinical research into the use of these factors in support of
astinal radiotherapy and CSF administration. However, itchemotherapy and PBPC transplantation in the pediatric age
should be noted that the thrombocytopenia observed mighgroup should be given high priority.
be unique to this site of irradiation and only in the setting of 2000 Update. Although the pediatric community is well
combined chemoradiation. At present, the routine use ohware of the ASCO guidelines on growth factor use, a
CSF in this setting should be avoided unless studied as partumber of important differences in the care of children with
of a clinical trial with appropriate monitoring of thrombo- cancer impact the application of the ASCO guidelines.
cytopenia and pulmonary toxicity. CSF use to supportPerhaps most important is the fact that the vast majority of
large-field irradiation may have benefits, but further studieschildren with cancer are enrolled in clinical protocols
are required to recommend this usage. CSF use in conjundirected by National Cancer Institute—sponsored national
tion with radiation has not been studied extensively, andcooperative group efforts. Accordingly, the use of growth
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factors is largely determined by the requirements delineatedcross CSF dose levels (see Impact of CSFs on Economics
in these protocols. A recent review of the practices withinof Febrile Neutropenia, under Summary of Relevant Back-
the Pediatric Oncology Grot? indicates that primary ground Data).

prophylaxis with growth factors occurs more commonly in )

children than in adults and is guided by the anticipatedt996 Recommendation

duration of neutropeniax 7 days) in the pediatric popula- In adults, the recommended CSF doses aug&g/d for

tion. At the same time, use of growth factors in primary G-CSF (filgrastim) and 25Qug/m?/d for GM-CSF (sar
prophylaxis is not uniform across all protocols and diseasegramostim). These agents can be administered subcutane-
and is influenced by physician preference as well as byously or intravenously as clinically indicated. CSF dose
available data. The use of growth factors for secondaryescalation is not advised. The available data suggest that
prophylaxis seems more similar in children and adults,rounding the dose to the nearest vial size may enhance
although a reduction in chemotherapy dosage is rarelypatient convenience and reduce costs without clinical det-
selected by pediatric oncologists as an alternative to use aiment.

a growth factor. Although a near majority of pediatric

oncologists surveyed reported using growth factors in chil-2000 Update

dren presenting with fever and neutropenia, this was less Higher doses of either G-CSF or GM-CSF have not been
commonly done in uncomplicated fever and neutropenia bugssociated with improved clinical benefits:*>* One ex

was more frequently used in patients who had perceive@eption may be in the setting of PBPC mobilization, where
complicated illness with fever and neutropenia. Overall,g dose of 1Qug/kg/d resulted in an improved leukapheresis
pediatric oncologists seem to use growth factors moreyroduct compared with lower dos&s:*¢The schedule of
commonly than their adult colleagues for primary andadministration of G-CSF (mg/kg bidv 10 ug/kg as single
secondary prophylaxis than the current ASCO guidelinesnjection) may also result in improved mobilizatid?® No
would indicate but less often for uncomplicated fever andrandomized trials of doses below those recommended for
neutropenia. It seems that differences in utilization areG-CSF and GM-CSF have been reported. Clinical and
guided by treatment strategies in adult and pediatric patientglinical trial experience continue to support rounding of
and, in particular, by the perceived toxicity of high—dose-dose to the nearest vial size. Pharmacokinetic analysis

intensity regimens in children. favors subcutaneous administration compared with IV use
2000 RecommendationNo change. for both agent$5°-162
9. Guidelines for CSF Dosing and Route of 2000 Recommendation.

Administration In adults, the recommended CSF doses agg#g/d for

Definition of Problem G-CSF (filgrastim) and 25Qug/m?/d for GM-CSF (sar
) _gramostim) for all clinical settings other than PBPC mobi-
A variety _Of CSF dose_s have been tested. PhaS(_a I SIUd'qﬁation. In the setting of PBPC mobilization, if G-CSF is
haYe examined escalatlng_ doses; hpwever, toxicity, nOhsed, a dose of 10g/kg/d seems preferable. Outside of this
efficacy, has been the major end point, and small COhorFndication, CSF dose escalation is not advised. Rounding

sizes have hindered dose-response assessments. Phas?nél dose to the nearest vial size is an appropriate strategy to

and Iil trlalls o;ten L!s:edha smgle,l arbitrarily chosen dofse ofmaximize cost benefit. The preferred route of CSF admin-
CSFs. Only a few trials have evaluated a dose range o CSFi§tration is subcutaneous.

in a randomized fashion. Additionally, differences in the
biologic activities and toxicities of G-CSF and the two types 10. Guidelines for Initiation and Duration of CSF
of GM-CSF, sargramostim and molgramostim, have potenAdministration

tial implications for dosing.
Definition of Problem

Clinical Outcomes Appropriate timing of CSF administration relative to

The primary end points of benefit assessed by the panalhemotherapy and the duration of CSF use are important
included rates of FN, hospitalization, and antibiotic use,concerns in trying to achieve the greatest degree of clinical
convenience, and cost. A review of CSF dose and routdenefit with the least possible cd5tThe package insert
effects on ANC was also necessary because many studigscommends that G-CSF be initiated no earlier than 24
have been inadequately sized to detect differences in othdrours after the administration of chemotherapy and that
clinical outcomes. Relative toxicity was also evaluateddaily dosing with the drug be continued until the ANC has
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reached at least 10,00/ after the neutrophil nadir. It has 11. Special Commentary on Comparative Clinical
also been advised that G-CSF not be given in the period 24ctivity of G-CSF and GM-CSF

hours before treatment with the next cycle of chemotherapy. 1996 RecommendationGuidelines about equivalency

In patients undergoing BMT, the manufacturer recommendgy¢ e ayailable recombinant preparations of G-CSF and
tapering the G-CSF dose from J@/kg/d to Sug/kg/d once  gp1_csF cannot be proposed because there have been no
the ANQ has. regovered to 1,0Q0! for at least 3 days and large-scale, prospective, comparative trials evaluating rela-
then discontinuing the G-CSF once the ANC has beery o csF efficacy. The strength of evidence to support the
greater than 1,000L for 3 additional days. Because GM- ise of G.CSF or GM-CSF varies based on the specific
CSF (sargramostim) has been licensed specifically for usg, gication for cSF administration, eg, support after BMT or
after autologoug or allpgenelc BMT gnd 'for AML, the use with nontransplantation chemotherapy regimens. The
r_na_nufacturer’s m_st_rucﬂong for administration have b_eenpanel strongly encourages additional clinical investigation
limited to those clinical settings. Current recommendationsy .+ ill guide clinical application of these biologically

for BMT are t(_) |n|t!ate GM-CSF beginning on the day of distinct molecules by addressing issues of comparative
bone marrow infusion and not less than 24 hours from theclinical activity, toxicity, and cost-effectiveness

Iazt. c:emotherapy and h12 Ig%urs fro_m the mpst recent 5000 Update. Guidelines about the equivalency of the
radiot er?py. GM(;OCSF”S /r?;rrf € contlnued.untn an A,Ncavailable recombinant preparations of G-CSF and GM-CSF
greater than 1,500 cells or 3 consecutive days is cannot be proposed because there have been no large-scale,

obtained. It is also advised that the drug be dlscontlnuec&)mp(,ir(,m\/e trials evaluating relative CSF efficacy in pri-

early or the dose be reduced by 50% should the ANCmary or secondary prophylaxis. Since the last update of the

Increase to greater than Z,O’Om,)l .However, base‘_’ 0N ASCO CSF guidelines was published in 1968a compar
recent publications, the optimal timing of CSF administra-

tion is still under i iation: CSF h dmini OI|son study was published in 1998 This randomized,
"?”.'S still under Investigation: S w.en administere double-blind study was performed in patients who had
within 1 to 5 days after PBPC reinfusion, shorten the

. 96 97 i ) received chemotherapy and were neutropenic at the time of
duration of neutropeni&°’In the setting of graft failure or study entry, with a mean ANC of 27L for the GM-CSF
engraftment delay, the recommended dose of GM-CSF i%roup and’282uL for the G-CSF group. Entry criteria

2h50 pug/mZd for 14 dayshf(()jllowed byla_7-day br[e;;(/aup to required chemotherapy within 4 weeks of registration, age
three such courses, with dose escalation to 5@ n over 17, ANC less than 500L, and absence of fever.

the third course, are advised. Patients were excluded if they met any of the following
exclusion criteria: use of long-acting chemotherapeutic
agents within 6 weeks of study entry; concurrent thoracic
In assessing the impact of schedule on the benefits of CSFadiation or history of pelvic radiation; use of growth factors
administration, the duration of neutropenia has most ofterwithin 6 weeks of study entry; concurrent use of oral or IV
been used as a surrogate marker of benefit. Correlations alsmtibiotics or systemic antifungal agents; pregnancy or
need to be made with clinical measures of benefit, eglactation; allergy to either growth factor; and infection with
incidence of hospitalization, reduced cost, increased convethe human immunodeficiency virus. End points of the study
nience, or enhanced maintenance of chemotherapy deliveryvere time to ANC recovery, incidence of fever, infection,
1996 RecommendationExisting clinical data suggest and hospitalization, and duration of hospitalization. One
that starting G-CSF or GM-CSF between 24 and 72 hourdwndred eighty-one patients were assessable for safety and
subsequent to chemotherapy may provide optimal neutrol170 patients were assessable for efficacy of the two study
phil recovery. Continuing the CSF until the occurrence of anarms. There was no significant difference in the time needed
ANC of 10,000{L after the neutrophil nadir, as specified in for patients to reach an ANC of 5QdL, but there was a
the G-CSF package insert, is known to be safe and effectivestatistically significant, but not clinically important, measur-
However, a shorter duration of administration that is suffi-ably shorter time to an ANC of 1,000L and an ANC of
cient to achieve clinically adequate neutrophil recovery is al,500uL for G-CSF over GM-CSF. There was no differ-
reasonable alternative, considering issues of patient conveence in the reported incidence of fever or hospitalization.
nience and cost. This study has many design flaws that make comparative
2000 RecommendationThe optimal timing and dura- analysis of the relative efficacy of G-CSF versus GM-CSF
tion of CSF administration are still under investigation. impossible. It does provide an opportunity to compare the
Starting CSFs up to 5 days after PBPC reinfusion isrelative toxicity of these two agents. There were no signif-
reasonable based on available clinical data. icant differences in adverse events between the two groups.

Clinical Outcomes
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The G-CSF group did have a 10.7% incidence of grade 2hadirs and only nonsignificant differences in platelet trans-
fever 4 hours after injection, compared with a 3.8% inci- fusions. Compared with those who received GM-CSF mo-
dence for the GM-CSF group, but no conclusions can bebilization, patients who received either G-CSF alone or the
drawn from this difference because of the study designcombination demonstrated significant improvement in days
From this study, one can probably conclude that the twao ANC of 500/mni, as well as in incidence of fever,
agents probably have fairly similar toxicities; otherwise, ahospitalization, antibiotic therapy, and RBC and platelet
greater disparity would have been observed in adversgansfusions. Improved outcomes after peripheral stem-cell
events. infusions were a direct result of the improvement in
In the setting of progenitor-cell transplantation, a secondcp34*-cell yield with each apheresis in those patients

more recently published randomized trial compared G-CSheceiving either the G-CSF or combination G-CSF plus

with GM-CSF or the sequential combination of both cyto- Gm-CSF mobilization regimens in comparison to GM-CSF
kines in mobilization of CD34 progenitor cells in patients gjone.

with myeloma, lymphoma, or breast canc¢&tAll patients 2000 RecommendationNo change.
in this trial then received G-CSF after CD34ell infusion
and chemotherapy. During the mobilization period after ACKNOWLEDGMENT

chemotherapy (median duration, 12 to 13.5 days), patients

demonstrated faster recovery of neutrophils and an in- ASCO sincerely appreciates the_ gontributions _of th_e following
creased incidence of sargramostim-related fever. In aclclir_nembers of.the ASCO Hematopoietic Colony-Stimulating Factors
. . . Expert Panel: James Anderson, Paul Anderson, Gerald Bodey, Nancy
tion, there was an uneXpeCted and uneXpIa'ned Increase IIﬂ:—widson, John Hamm, Bruce Hillner, Carl Kardinal, Mark Levine,
the incidence of anemia and RBC transfusions in thejonn Miller, Judith Ochs, Victor Santana, Thomas Shea, Saroj Vadhan-

sargramostin group. There were no differences in plateleRaj, and Jane Weeks.

Summary of Guideline Updates

1. Guidelines for Primary Prophylactic CSF Administration

1996 Recommendation: Primary administration of CSFs was shown to reduce the incidence of febrile neutropenia (FN) by approximately 50% in the three
major randomized trials in adults in which the incidence of FN was greater than 40% in the control group. The value of primary CSF
administration has not been clearly established in less myelosuppressive regimens, and the cost benefit of primary versus secondary
administration for the majority of initial chemotherapy regimens is unproven. It is recommended that primary administration of CSFs
be reserved for patients expected to experience levels of FN that are at least comparable to or greater than those seen in control
patients in these randomized trials, ie, an expected incidence = 40%. Thus, for previously untreated patients receiving most
chemotherapy regimens, primary administration of CSFs cannot be recommended.

2000 Recommendation: No change.

Special Circumstances

1996 Recommendation: Clinicians may occasionally be faced with patients who might benefit from relatively nonmyelosuppressive chemotherapy but who
have potential risk factors for FN or infection because of bone marrow compromise or comorbidity. It is possible that primary CSF
administration may be exceptionally warranted in patients at higher risk for chemotherapy-induced infectious complications, even
though the data supporting such use are not conclusive. Such risk factors might include the following: pre-existing neutropenia due to
disease, extensive prior chemotherapy, or previous irradiation to the pelvis or other areas containing large amounts of bone marrow;
a history of recurrent FN while receiving earlier chemotherapy of similar or lesser dose-intensity; or conditions potentially enhancing
the risk of serious infection, eg, poor performance status and more advanced cancer, decreased immune function, open wounds, or
already-active tissue infections. This is not meant fo be an all-inclusive list; it is anticipated that, depending on the unique features of
the clinical situation, there will be instances when the administration of a CSF will be appropriate outside of uses recommended in
other guidelines.

2000 Recommendation: No change.

2. Guidelines for Secondary Prophylactic CSF Administration

1996 Recommendation: There is evidence that CSF administration can decrease the probability of FN in subsequent cycles of chemotherapy after a
documented occurrence in an earlier cycle. Even if FN has not occurred, the use of CSFs may be considered if prolonged neutropenia
is causing excessive dose reduction or a delay in chemotherapy. However, in the absence of clinical data supporting maintenance of
chemotherapy dose-intensity, physicians should consider chemotherapy dose reduction as an dlternative to the use of CSFs.
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2000 Recommendation:

In the setting of many tumors exclusive of curable tumors (eg, germ cell tumors), dose reduction after an episode of severe
neutropenia should be considered as a primary therapeutic option. No published regimens have demonstrated disease-free or overall
survival benefits when the dose of chemotherapy was maintained and secondary prophylaxis was instituted. In the absence of clinical
data or other compelling reasons to maintain chemotherapy dose-intensity, physicians should consider chemotherapy dose reduction
after neutropenic fever or severe or prolonged neutropenia after the previous cycle of treatment.

3. Guidelines for CSF Therapy

A. Afebrile Patients
1996 Recommendation:

2000 Recommendation:

B. Febrile Patients
1996 Recommendation:

2000 Recommendation:

Data are inadequate in regard fo whether patients with neutropenia but no fever will benefit clinically from the initiation of a CSF at
the time neutropenia is diagnosed; intervention with a CSF in afebrile neutropenic patients is not recommended.

Current evidence supports the recommendation that CSFs should not be routinely used for patients with neutropenia who are afebrile.
The strength of this recommendation has increased with the trial reported in 1997.%¢

For the majority of patients with FN, the available data do not clearly support the routine initiation of CSFs as adjuncts to antibiotic
therapy. However, certain FN patients may have prognostic factors that are predictive of clinical deterioration, such as pneumonia,
hypotension, multiorgan dysfunction (sepsis syndrome), or fungal infection. The use of CSFs together with antibiotics may be
reasonable in such high-risk patients, even though the benefits of administration under these circumstances have not been definitively
proven.

$7-74 provide strong and consistent support for the recommendation that CSFs should not be

The collective results of the eight trials
routinely used as adjunct therapy for the treatment of uncomplicated fever and neutropenia. Uncomplicated fever and neutropenia are
defined as follows: fever of = 10 dcys in duration; no evidence of pneumonia, cellulitis, abscess, sinusitis, hyporension, mu|ﬁorgc1n
dysfunction, or invasive fungal infection; and no uncontrolled malignancies. The eight trials have consistently shown a decrease in the
duration of neutropenia of less than 500/ L, but clinical benefit has not consistently accompanied the decreased duration of

neutropenia.

Certain patients with fever and neutropenia are at higher risk for infection-associated complications and have prognostic factors that
are predictive of poor clinical outcome. The use of a CSF for such high-risk patients may be considered, but the benefits of a CSF in
these circumstances have not been proven. These factors include profound (absolute neutrophil count [ANC] < 100/ ul) neutropenia,
uncontrolled primary disease, pneumonia, hypotension, multiorgan dysfunction (sepsis syndrome), and invasive fungal infection. Age
greater than 65 years and posttreatment lymphopenia may also be high-risk factors but have not been consistently confirmed by
multicenter trials.

4. Guidelines for Use of CSFs to Increase Chemotherapy Dose-Intensity

1996 Recommendation:

2000 Recommendation:

Outside of clinical research trials, there is little justification for the use of CSFs fo increase chemotherapy dose-infensity. In settings in
which clinical research demonstrates that dose-intensity therapy not requiring progenitor-cell support produces improvement in
disease control, CSFs should be used when these therapies are expected to produce significant rates of FN (eg, in = 40% of patients).

In the absence of more trials demonstrating a favorable effect on overall survival, disease-free survival, quality of life, or toxicity, there
is no justification for the use of CSFs to increase chemotherapy dose-intensity or schedule or both outside of a clinical frial. This
application of CSF use remains the domain of appropriately designed clinical investigation.

5. Guidelines for Use of CSFs as Adjuncts to Progenitor-Cell Transplantation

1996 Recommendation:

CSFs can successfully shorten the period of neutropenia and reduce infectious complications in patients undergoing high-dose
cytotoxic therapy with autologous bone marrow transplantation (BMT). CSFs are effective in mobilizing autologous peripheral-blood
progenitor cells (PBPCs) for transplantation, and autologous PBPC transplantation has been shown to lead to earlier hematopoietic
recovery than autologous BMT.8¢8” Trials have demonstrated the value of CSF administration after high-dose chemotherapy and
PBPC transplantation.887° Available data suggest clinical benefits after allogeneic BMT, and routine primary CSF administration in
this sefting seems warranted.”! CSFs can also be used to mobilize donor PBPC for allogeneic transplantation.”??° There also may be
a role for the CSFs in assisting in the recovery of patients who experience delayed or inadequate neutrophil engraftment after PBPC
transplantation. CSFs can be routinely recommended as adjuncts to allogeneic and autologous PBPC transplantation, both for
mobilization of PBPCs and as a means fo speed hematopoietic reconstitution after BMT or PBPC transplantation. Administration of a
CSF in cases of engraftment failure is warranted.
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2000 Recommendation:

CSFs are recommended to help mobilize PBPCs and after PBPC infusion. Mobilized PBPCs have largely replaced bone
marrow—derived cells for use in autologous transplantation. Side effects associated with mobilization and subsequent apheresis are
usudlly limited and include constitutional symptoms and a decrease in platelets and other hematopoietic elements, especially after
mobilization with combinations of chemotherapeutic agents and a CSF. The optimal dose of CSFs and chemotherapeutic agents is the
subject of ongoing investigations, but a higher (10 ug/kg/d) dose of granulocyte CSF (G-CSF) in the sefting of mobilization may
yield greater content of CD34 " progenitor cells in the PBPC product, as documented in patients with hematologic malignancies and in
patients with rheumatoid arthritis.88:1°8 Although the optimal method of mobilization needs further investigation, especially in heavily
pretreated patients, administration of G-CSF, either alone or in combination with granulocyte-macrophage CSF (GM-CSF), or after
the use of chemotherapeutic agents, generates PBPCs, leading to rapid hematopoietic recovery, shorter hospitalization, and possibly
reduced costs.8”- 197111 Further investigations are necessary to assess the potential risks, especially that of secondary hematologic
malignancies associated with the use of combining chemotherapeutic agents and CSFs.'2 The role of CSF-mobilized donor bone
marrow in the outo|ogous ironsp|qnt setting is also under assessment.' '3

6. Guidelines for Use of CSFs in Patients With Acute Leukemia and Myelodysplastic Syndromes
A. Acute Myeloid Leukemia (AML)

1996 Recommendation:

2000 Recommendation:

Primary administration of a CSF can be used after completion of induction chemotherapy in patients 55 years of age or older.
Although there are fewer data, it is likely that the results showing shortening of the duration of neutropenia may apply to younger
patients as well. CSFs given either before and/or concurrently with chemotherapy for priming effects still cannot be recommended
outside of a clinical frial.

CSF use can be considered in this sefting if benefits in terms of possible shortening of hospitalization outweigh the costs of CSF use.
Several studies have shown that CSF administration can produce modest decreases in the duration of neutropenia when begun shortly
after completion of the initial days of chemotherapy of the initial or repeat induction. Beneficial effects on end points such as duration
of hospitalization and incidence of severe infections have been variable and modest, although patients 55 years of age or older are
most likely to benefit from CSF use. No study has yet demonstrated significant improvement in complete response rates or long-term
outcome. Thus, while there seems to be minimal risk associated with the use of CSFs in this situation, the choice of whether or not to
use the CSF is likely to be determined by cost considerations. In a nutshell, the cost of the cytokine must be balanced against any
possible shortening of hospitalization associated with the slightly more rapid marrow recovery, as, for example, in patients 55 years
of age or older. It is not known from the published data whether the CSFs significantly accelerate recovery to ANCs of 100 to 200/
mm?>. In most patients, regenerating counts of this level are sufficient to protect against infection so as to permit safe discharge of
patients from hospital.

There is no evidence that CSFs given either before or concurrently with chemotherapy for priming effects are of benefit, and their use
in this fashion cannot be recommended outside the setting of the clinical trial.

There seems to be more profound shortening of the duration of neutropenia after consolidation chemotherapy for patients with AML
in remission. Although the randomized studies did not address this issue, it is likely that this will be associated with decreased rates of
hospitalization and possibly shorter durations of hospitalization in such patients. No benefit has been demonstrated in terms of
prolongation of complete response duration or overall survival; however, the available evidence indicates that the CSFs can be
recommended after the completion of consolidation chemotherapy.

B. Myelodysplastic Syndromes

1996 Recommendation:

CSFs can increase the ANC in neutropenic patients with myelodysplastic syndromes. Data supporting the routine, long-term,
continuous use of CSFs in these patients are lacking. Intermittent administration of CSFs may be considered in a subset of patients
with severe neutropenia and recurrent infection.

2000 Recommendation: No change.

C. Acute Lymphoblastic Leukemia (ALL) (Note. This topic is new to the guideline.)

2000 Recommendation:

The data are sufficient to recommend G-CSF administration begun after completion of the first few days of chemotherapy of the initial
induction or first postremission course, thus shortening the duration of neutropenia of less than 1,000/mm? by approximately 1 week.
Effects on the incidence and duration of hospitalization and the acquisition of serious infections are less consistent. Although there

134 particularly in older adults, there was no prolongation of

was a trend for improved complete response rates in one large study,
disease-free or overall survival in any of the trials. G-CSF can be given together with the continued corticosteroid/antimetabolite
therapy, which is a feature of many ALL regimens, without evidence that such concurrent therapy prolongs the myelosuppressive
effects of the chemotherapy. As in AML, it is not known from the published data whether the CSFs significantly accelerate recovery to
ANCs of 100 to 200/mm®. In most patients, regenerating counts of this level are sufficient to protect against infection so as fo permit
safe discharge of patients from the hospital. The use of G-CSF for children with ALL was associated with small benefits in days of
antibiotic use or in-hospital days, although a small amount of additional costs was incurred, after the costs of the CSFs were taken
into consideration. Cost estimates of CSFs for adults with ALL have not been reported.
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D. Leukemia in Relapse (Note. This topic is new to the guideline.)

2000 Recommendation: The available data are not sufficient to recommend either for or against the use of CSFs in patients with refractory or relapsed ALL.
Few controlled studies have evaluated CSFs in patients with relapsed or refractory acute leukemia. The available data suggest
shortening of the duration of neutropenia but are inadequate to comment on any effects on infectious complications and, in particular,
on whether there may be an adverse effect on response rates in some patients with myeloid malignancies because of a stimulatory
effect on leukemia growth in a situation in which there is less of a guarantee that chemotherapy will produce sufficient cytoreduction.
Therefore, there is no evidence that CSFs are of important benefit in patients with refractory or relapsed myeloid leukemia, and they
should be used judiciously or not at all in such patients.

7. Guidelines for Use of CSFs in Patients Receiving Concurrent Chemotherapy and Irradiation
1996 Recommendation: CSFs should be avoided in patients receiving concomitant chemotherapy and radiation therapy.

2000 Recommendation: CSFs should be avoided in patients receiving concomitant chemotherapy and radiation therapy, particularly involving the
mediastinum. In the absence of chemotherapy, in patients receiving radiation therapy involving large fields, therapeutic use of CSFs
may be considered if prolonged delays secondary to neutropenia are expected.

8. Guidelines for Use of CSFs in the Pediatric Population

1996 Recommendation: In the absence of conclusive pediatric data, the guidelines recommended for adults are generally applicable to the pediatric age
group. However, optimal CSF doses have yet to be determined. Further clinical research into the use of these factors in support of
chemotherapy and PBPC transplantation in the pediatric age group should be given high priority.

2000 Recommendation: No change.

9. Guidelines for CSF Dosing and Route of Administration

1996 Recommendation: In adults, the recommended CSF doses are 5 ug/kg/d for G-CSF (filgrastim) and 250 ug/m?/d for GM-CSF (sargramostim). These
agents can be administered subcutaneously or intravenously as clinically indicated. CSF dose escalation is not advised. The available
data suggest that rounding the dose to the nearest vial size may enhance patient convenience and reduce costs without clinical
detriment.

2000 Recommendation: In adults, the recommended CSF doses are 5 ug/kg/d for G-CSF (filgrastim) and 250 ug/m?/d for GM-CSF (sargramostim) for all
clinical settings other than PBPC mobilization. In the setting of PBPC mobilization, if G-CSF is used, a dose of 10 ug/kg/d seems
preferable. Outside of this indication, CSF dose escalation is not advised. Rounding the dose to the nearest vial size is an appropriate
strategy to maximize cost benefit. The preferred route of CSF administration is subcutaneous.

10. Guidelines for Initiation and Duration of CSF Administration

1996 Recommendation: Existing clinical data suggest that starting G-CSF or GM-CSF between 24 and 72 hours subsequent to chemotherapy may provide
optimal neutrophil recovery. Continuing the CSF until the occurrence of an ANC of 10,000/ L after the neutrophil nadir, as specified
in the G-CSF package insert, is known fo be safe and effective. However, a shorter duration of administration that is sufficient to
achieve clinically adequate neutrophil recovery is a reasonable alternative, considering issues of patient convenience and cost.

2000 Recommendation: The optimal timing and duration of CSF administration are still under investigation. Starting CSFs up to 5 days after PBPC reinfusion is
reasonable based on available clinical data.

11. Special Commentary on Comparative Clinical Activity of G-CSF and GM-CSF

1996 Recommendation: Guidelines about equivalency of the available recombinant preparations of G-CSF and GM-CSF cannot be proposed because there
have been no large-scale, prospective, comparative trials evaluating relative CSF efficacy. The strength of evidence to support the use
of G-CSF or GM-CSF varies based on the specific indication for CSF administration, eg, support after BMT or use with
nontransplantation chemotherapy regimens. The panel strongly encourages additional clinical investigation that will guide clinical
application of these biologically distinct molecules by addressing issues of comparative clinical activity, toxicity, and cost-effectiveness.

2000 Recommendation: No change.

NOTE. Superior numbers refer to reference numbers in the main text.
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