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Factors that Predict Neutropenia in Korean Patients with Advanced Urothelial Cancer after CisplatinBased Systemic Chemotherapy
Whi-An Kwon, Tae Hoon Oh, Jea Whan Lee, Ill Young Seo, and Seung Chol Park*
Purpose: The aim of this study was to identify factors that can be used to predict severe neutropenia (grade 3 or
higher) in patients with advanced urothelial cancer after cisplatin-based systemic chemotherapy.
Materials and Methods: The study examined 79 Korean patients with advanced urothelial cancer who were
treated with several cycles of cisplatin-based systemic chemotherapy from May 2006 to May 2015. Risk factors
for neutropenia (grade 3 or higher) and for the occurrence of neutropenia (grade 3 or higher) during the first cycle
of chemotherapy were examined.
Result: Thirty-six out of the 79 patients (45.6%) developed neutropenia at grade 3 or higher during the first cycle
of cisplatin-based systemic chemotherapy: 18 (22.7%) of these experienced grade 3 neutropenia and 18 (22.7%)
experienced grade 4. Multivariate analysis identified pretreatment neutrophil counts (P = .001) as the only significant factor predictive for severe neutropenia.
Conclusion: The pretreatment neutrophil count was found to be the factor that poses a significant and independent
risk in development of severe neutropenia induced by applying cisplatin-based systemic chemotherapy to patients
with advanced urothelial cancer.
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tin are the first-line chemotherapy agents for advanced
(6)
here are several different types of urologic can- urothelial cancer. In vivo, neutrophils serve as the
first-line defense against infection, by playing a crucial
cer. Patients with metastatic urologic cancer usu- role at early stages of an inflammatory response and by
ally undergo some form of anticancer chemotherapy. overseeing the innate immunity. As such, invading bac(1)
Recently, several regimens for urologic anticancer teria is allowed to multiply when neutropenia weakens
chemotherapy have been reported, including combina- inflammatory responses against an infection. And, betion anticancer chemotherapy using gemcitabine and cause the signs and symptoms of an infection are supcisplatin (GC); indeed, this has come to be the standard pressed by neutropenia, patients may display a fever as
treatment option for locally advanced and metastatic the only indicative.(7)
urothelial carcinoma.(2) Until studies of GC were report- Neutropenia following the application of cytotoxic aned, methotrexate, vinblastine, doxorubicin, plus cispla- ticancer drugs is inevitable. Several studies identified
tin (MVAC) was the most used regimen in metastatic factors that predict the occurrence of febrile neutropeurologic cancer.(3) Several studies suggested GC as the nia (FN) in patients receiving systemic chemotherapy
standard treatment for locally advanced and metastat- based on an assortment of anticancer drugs.(8,9) The risk
ic urothelial carcinoma because of its similar efficacy factors for febrile neutropenia included old age, serum
and lower toxicity compared with MVAC.(4) A phase albumin, baseline neutrophil count, hepatic disease
III trial was designed to compare GC and MVAC. The and non-use of granulocyte colony-stimulating factors.
initial goal of this study was to show the superiority of Neutropenia is defined as an absolute neutrophil count
GC. However, the results showed similar overall sur- of less than 0.5 × 109/L.(10)
vival (OS) (MVAC: 14.8 months vs. GC: 13.8 months) An occurrence of neutropenia induced by chemotherand objective response rates (MVAC: 45.7% vs. GC: apy is the most common type of neutropenia, and such
49.4%).(2,5) Importantly, the GC group experienced sig- occurrence can be used to define a toxicity line limiting
nificantly fewer side effects such as neutropenic sepsis a dose of cytotoxic anticancer treatments.(11) A Western
(MVAC: 12% vs. GC: 1%) and grade 3–4 mucositis study shows that the incidence of docetaxel-induced
(MVAC: 22% vs. GC: 1%) than the MVAC group.(2, grade 3-4 neutropenia in patients with castration-resist5)
Thus, due to lower toxicity, GC was considered the ant prostate cancer is about 25%,(12) whereas a Korean
standard treatment for locally advanced and metastatic study reports an incidence of 17%.(13)
urothelial carcinoma.
As standard treatment for locally advanced and metPlatinum-based agents such as cisplatin and carbopla-
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Table 1. Patient characteristics and pharmacokinetic parameters of cisplatin in the groups with or without severe neutropenia
Variables			

Without severe neutropenia (n = 43)

With severe neutropenia (n = 36)

Total (n = 79)

P Value

Mean age (years)			
68.7 ± 8.76			
69.8 ± 7.84			
69.2 ± 8.29		
.474
Body mass index (kg/m2)		
23.2 ± 3.19			
22.8 ± 3.16			
22.9 ± 3.15		
.599
Mean serum Hg level (g/dL)		
9.6 ± 1.61			
9.6 ± 1.28			
9.6 ± 1.44		
.600
3
Pretreatment WBC count (/mm )		
8152.97 ± 2134.27		
6431.67 ± 1618.40		
7304.11 ± 2074.04
< .001
Posttreatment WBC count (/mm3)		
3959.7 ± 1811.86		
1944.4 ± 783.52		
6928.7 ± 1978.24
< .001
3
Pretreatment neutrophil count (/mm )
5250.81 ± 2218.56		
4005.83 ± 1434.19		
4636.85 ± 1963.08
< .001
Posttreatment neutrophil count (/mm3)
2067.3 ± 1647.58		
500.0 ± 258.67		
1294.3 ± 1418.55
< .001
Pretreatment serum albumin level (g/dL)
3.84 ± 0.71			
4.02 ± 0.59			
3.92 ± 0.65		
.188
Serum creatinine level			
1.40 ± 0.64			
1.43 ± 0.42			
1.41 ± 0.53		
.198
3
Pretreatment serum platelet count (/mm )
277.5 ± 84.66			
255.6 ± 74.94			
266.7 ± 80.22		
.229
Pretreatment serum ALP level (g/dL)
252.9 ± 125.45		
196.4 ± 77.28			
225.9 ± 108.25
.030
3
Pretreatment serum lymphocyte count (/mm )
1933.5 ± 785.94		
1611.2 ± 614.87		
1774.5 ± 720.38
.101
NL ratio				
1.3 ± 1.26			
0.4 ± 0.63			
0.85 ± 1.07		
< .001
PL ratio				
170.9 ± 99.30			
198.4 ± 160.66		
184.4 ± 132.92
.395
Charlson comorbidity index		
1.8 ± 2.08			
1.7 ± 1.36			
1.7 ± 1.75		
.483
Geriatric index			
13.6 ± 2.10			
13.9 ± 2.01			
13.7 ± 2.04		
.627
N stage										.990
0				23			22			45
1				10			10			20
2				4			3			7
3				1			1			2
Performance status (ECOG)										.378
0				35			35			70
1				2			0			2
2				1			1			2
Hydronephrosis											.486
No				21			23			44
Yes				17			13			30
		

Abbreviations: ECOC, Eastern Cooperative Oncology Group; PSA, prostate-specific antigen; WBC, white blood cell.; N ratio, neutrophil to
lymphocyte ratio; PL ratio, platelet to lymphocyte ratio.
The Mann-Whitney U test and Fisher’s exact test were used to compare continuous and categorical variables, respectively, between groups.

astatic urothelial carcinoma, GC has a certain degree
of adverse effects such as FN, despite having lower toxicity than MVAC. A study of GC reported that
the most frequent grade 3–4 hematologic toxicity was
neutropenia in 45.4% for GC.(14) Therefore, clinicians
must understand the infectious adverse events that may
occur during and after chemotherapy for urologic cancer. However, to the best of our knowledge, few studies have identified factors that predict neutropenia in
patients with advanced urothelial cancer after cisplatin-based systemic chemotherapy. Thus, this study aims
to identify factors that can be used to predict neutropenia in patients treated with cisplatin-based systemic
chemotherapy and to determine an incidence rate of
neutropenia in such patients.

MATERIALS AND METHODS
Ethics and informed consent

This study was conducted at Wonkwang University
Hospital. Written informed consent was obtained from
all subjects before enrollment in the study. Study protocols and informed consent forms were approved by the
institutional review board.

Study Population

Patients whose medical records show a diagnosis of
an advance urothelial cancer and who received one or
more cycles of cisplatin-based systemic chemotherapy
at Wonkwang University Hospital, located in Iksan,
South Korea, from May 2006 to May 2015 were reviewed retrospectively. Baseline demographic, clinical,
and laboratory data including the hemoglobin level,
white blood cell (WBC) count, neutrophil count, platelet count, lymphocyte count, neutrophil to lymphocyte
ratio (NL ratio), and platelet to lymphocyte ratio (PL ra-

tio) before chemotherapy were collected retrospectively
for all patients. This retrospective study was approved
by the Institutional Review Board of Wonkwang University Hospital.

Treatment protocol

The following common urological anticancer chemotherapy regimens were examined: GC and MVAC
(methotrexate, vinblastine, doxorubicin hydrochloride, and cisplatin). All subjects must have required at
least one cycle of chemotherapy and none had received
prophylactic granulocyte-colony stimulating factor
(G-CSF) until completion of the first cycle. However,
if neutropenic events had occurred, the administration
dose of chemotherapy was reduced to 75%.
The Common Terminology Criteria for Adverse Events
Version 3.0 recommends that neutropenia is defined as
a neutrophil count < 1500/mm3. In the present study,
the state of neutropenia was divided in four separate
grades: grade 1, < 1500/mm3; grade 2, < 1500–1000 /
mm3; grade 3, < 1000–500 /mm3; and grade 4, < 500 /
mm3 (National Cancer Institute, 2006). Then, incidences of neutropenia ( ≥ grade 3) and potential risk factors
for incidences of neutropenia were examined and evaluated during the first cycle of chemotherapy.

Statistical analysis

Clinicopathological data obtained for two groups of
patients were compared: 1) a group of patients who developed ≥ grade 3 neutropenia during the first cycle of
chemotherapy; and 2) a group of patients who did not.
In order to compare continuous and categorical parameters between two groups, the Mann-Whitney U test
and Fisher’s exact test were used respectively. Potential
risk factors for grade 3-4 neutropenia in patients with
advanced urothelial carcinoma were identified in a uniVol 15 No 04 July-August 2018 169
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Table 2. Multivariate analysis to identify factors that predict severe neutropenia in patients with advanced urothelial cancer
Variables			

95% confidence interval (CI)		

P Value

Pretreatment WBC count		0.999–1.005				0.213
Pretreatment neutrophil count		0.967–0.996				0.012
Pretreatment ALP			0.956–1.004				0.108
Pretreatment NL ratio			0.166–681.026			0.265

Abbreviations: WBC, white blood cell; ALP, alkaline phosphatase.

variate analysis. Variables with a p-value > 0.05 were
eliminated from the model. Significant associated variables from the univariate were entered in a multivariate
logistic analysis using backward elimination process.
Accordingly, a p-value of < .05 was considered significant. SPSS software, version 15.0, was used in all statistical analyses (SPSS Inc., Chicago, IL, USA).

DISCUSSION

Here, we showed that 45.6% of patients that underwent urologic anticancer chemotherapy experienced
neutropenia of grade 3 or higher. Multivariate analysis
identified pretreatment neutrophil counts as the sole independent predictor of grade 3 or higher neutropenia
during the first cycle of chemotherapy. Other studies
identified factors that predict subsequent complications
RESULT
in patients diagnosed with FN(15-17), as well as independSeventy-nine patients met the inclusion criterion, i.e., ent predictive factors for bacteremia and sepsis.(18-20) In
all had histologically confirmed urothelial carcinoma of a previous study, we showed that pretreatment WBC
the urinary tract. The origin site of the tumor was the counts, pretreatment neutrophil counts, pretreatment sebladder in 31 patients (39.2%), the ureter in 17 patients rum creatinine levels, and pretreatment serum albumin
(21.5%), and the renal pelvis in 26 patients (32.9%). levels were significant predictive factors for neutropenia
They were all chemotherapy-naïve patients, but four pa- in patients with castration-resistant prostate cancer after
tients had received radiotherapy previously. Cancer had docetaxel-based systemic chemotherapy.(21) To the best
infiltrated the bone marrow in 14 patients before they of our knowledge, the present study is the first to idenreceived chemotherapy. Fourteen patients achieved a tify a factor that predicts the occurrence of neutropenia
complete response (17.7%) and nine patients achieved (grade 3 or higher) in patients with advanced urothelial
a partial response (11.3%).
cancer. Matsumoto et al. observed infectious compliThe mean age of the 79 patients was 69.2 years (range, cations in 93 patients with urologic cancer during 207
46–87 years). The most common chemotherapy regi- courses of anticancer chemotherapy. Thirty (14.5%)
men was GC (n = 76); only three cases received MVAC. neutropenic events occurred. Risk factors were urinary
Median overall survival was 21.7 months (range, 1–66 diversion, hydronephrosis, and the duration of severe
months). Forty-three patients were classified into the neutropenia (< 500/mm3).(22) Several factors increase
“without ≥ grade 3 neutropenia” group (54.4%) and 36 the risk of neutropenia, including older age, advanced
into the “with ≥ grade 3 neutropenia” group (45.6%). stage of disease, previous episodes of neutropenia, no
The latter developed ≥ grade 3 or more neutropenia dur- treatment with G-CSF, lack of antibiotic prophylaxis,
ing the first cycle of cisplatin-based systemic chemo- a low pretreatment absolute neutrophil count, diabetes,
therapy. Thirteen patients (16.5%) experienced grade and prior chemotherapy.(11,23,24) However, these risk fac1 neutropenia, 20 (16.5%) experienced grade 2, 18 tors were identified in studies of hematologic malignan(22.8%) experienced grade 3, and 18 (22.8%) experi- cies, although some are applicable to patients with solid
enced grade 4. Of 14 patients who had bone metasta- cancers. No previous study has focused on urothelial
sis, 13 experienced neutropenia. Six patients (42.9%) cancer patients.
experienced grade 1 neutropenia, one (7.1%) experi- Here, we found that the pretreatment neutrophil
enced grade 2, four (28.6%) experienced grade 3, and count was the only significant independent risk factwo (14.3%) experienced grade 4. However, there was tor for grade 3 or higher neutropenia induced by cisno significant difference between the without and with platin-based systemic chemotherapy. Further, several
≥ grade 3 neutropenia groups among patients who had studies identified additional patient-related factors
bone marrow infiltration of cancer (p = .57).
that, although not identified in this study, predisposed
There were significant differences between the without the afflicted individuals to either FN(25,26) or excessive
and with ≥ grade 3 neutropenia groups in terms of the myelosuppression.(27) These included age > 65 years,
pretreatment WBC counts (8152.97 ± 2134.27/mm3 vs. advanced disease, anemia, poor performance status,
6431.67 ± 1618.40/mm3, p < .001), pretreatment neu- prior chemotherapy treatment, combined chemo-radiotrophil counts (5250.81 ± 2218.56/mm3 vs. 4005.83 ± therapy, bone marrow infiltration, and medical comor1434.19/mm3, p < .001), pretreatment serum alkaline bidities (particularly renal disease). However, many of
phosphatase (ALP) levels (252.9 ± 125.45 g/dL vs. these pretreatment risk factors were identified in studies
196.4 ± 77.28 g/dL, p = .030), and pretreatment neutro- that included patients with hematological malignancies.
phil/lymphocyte (NL) ratio (1.3 ± 1.26 vs. 0.4 ± 0.63, p Thus, the cogency or relevance of those factors are still
< .001). The complete set of results for the two groups questionable as to the adjuvant treatment of prostate
is presented in Table 1. Multivariate logistic analysis cancer. Other studies demonstrate that the first cycle
identified pretreatment neutrophil counts (P = .012) as absolute neutrophil count nadir is a predictive factor for
the only significant predictive factor for neutropenia subsequent neutropenic events.(28-30) Indeed, we found
(Table 2).
similar results in the present study. There may be several reasons as to why there are differences between the
results of this study and those of many previous studUrological Oncology 170
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ies. First, we examined only histologically confirmed
urothelial carcinoma, whereas previous studies examined a variety of tumor types (i.e., lymphomas and solid
tumors). Secondly, our cohort was relatively small (n =
79) compare to the population of patients examined in
previous studies. The small sample number is a major
limitation of the present study.
In cancer treatment, therapeutic strategies for cancer
management keep evolving, and chemotherapy regimens continue to serve important roles. Our future
work will focus on evaluating the incidence of, and
factors that predispose to, FN during other types of urologic chemotherapy, and setting up further necessary
guidelines for this purpose.
Due to several limitations this study had in addition to
the small sample size, drawing definitive conclusions
from this study would be difficult. For example, the
study was performed retrospectively rather than being
prospective in nature. Further, a larger study may have
led use to identify other factors that can be used to predict neutropenia induced by cisplatin-based systemic
chemotherapy in patients with advanced urothelial cancer. Nonetheless, in this study, the patients were treated
in single, not separate, institution with a limited number
of attending physicians, and follow-up periods were relatively long.

CONCLUSIONS

In conclusion, the results of this study identified only
the pretreatment neutrophil count as an independent
risk factor for grade 3 or higher neutropenia induced
by cisplatin-based systemic chemotherapy in Korean
advanced urothelial cancer patients. This predictive
factor helps better to make the therapeutic strategy
during chemotherapy. For patients who have low pretreatment neutrophil counts, it is suggested that the dose
of chemotherapy is reduced or prophylactic G-CSF is
given to prevent severe neutropenia. To the best of our
knowledge, this study first identified such a significant
independent risk factor in this patient group. However,
to confirm these results, a large cohort and prospective
study would be required.

ACKNOWLEDGEMENTS

4.

5.

6.

7.

8.

9.

10.

11.

12.

This study was supported by Wonkwang University in
2018.

REFERENCES
1.

2.

3.

Yasufuku T, Shigemura K, Tanaka K,
Arakawa S, Miyake H, Fujisawa M. Risk
factors for refractory febrile neutropenia in
urological chemotherapy. J Infect Chemother.
2013;19:211-6.
von der Maase H, Hansen SW, Roberts
JT, et al. Gemcitabine and cisplatin versus
methotrexate, vinblastine, doxorubicin, and
cisplatin in advanced or metastatic bladder
cancer: results of a large, randomized,
multinational, multicenter, phase III study. J
Clin Oncol. 2000;18:3068-77.
Ismaili N, Amzerin M, Flechon A.
Chemotherapy in advanced bladder cancer:
current status and future. J Hematol Oncol.
2011;4:35

13.

14.

15.

Sonpavde G, Watson D, Tourtellott M,
et al. Administration of cisplatin-based
chemotherapy for advanced urothelial
carcinoma in the community. Clin Genitourin
Cancer. 2012;10:1-5.
von der Maase H, Sengelov L, Roberts JT, et
al. Long-term survival results of a randomized
trial comparing gemcitabine plus cisplatin,
with methotrexate, vinblastine, doxorubicin,
plus cisplatin in patients with bladder cancer. J
Clin Oncol. 2005;23:4602-8.
Porter MP, Kerrigan MC, Donato BM, Ramsey
SD. Patterns of use of systemic chemotherapy
for Medicare beneficiaries with urothelial
bladder cancer. Urol Oncol. 2011;29:252-8.
Bodey GP, Buckley M, Sathe YS, Freireich EJ.
Quantitative relationships between circulating
leukocytes and infection in patients with acute
leukemia. Ann Intern Med. 1966;64:328-40.
Lyman GH, Delgado DJ. Risk and timing
of hospitalization for febrile neutropenia in
patients receiving CHOP, CHOP-R, or CNOP
chemotherapy for intermediate-grade nonHodgkin lymphoma. Cancer. 2003;98:2402-9.
Timmer-Bonte JN, de Boo TM, Smit HJ, et al.
Prevention of chemotherapy-induced febrile
neutropenia by prophylactic antibiotics plus or
minus granulocyte colony-stimulating factor
in small-cell lung cancer: a Dutch Randomized
Phase III Study. J Clin Oncol. 2005;23:797484.
Moores KG. Safe and effective outpatient
treatment of adults with chemotherapyinduced neutropenic fever. Am J Health Syst
Pharm. 2007;64:717-22.
Crawford J, Dale DC, Lyman GH.
Chemotherapy-induced neutropenia: risks,
consequences, and new directions for its
management. Cancer. 2004;100:228-37.
Italiano A, Ortholan C, Oudard S, et al.
Docetaxel-based chemotherapy in elderly
patients (age 75 and older) with castrationresistant prostate cancer. Eur Urol. 2009; 55:
1368-75.
Lee JL, Kim JE, Ahn JH, et al. Efficacy
and safety of docetaxel plus prednisolone
chemotherapy for metastatic hormonerefractory prostate adenocarcinoma: single
institutional study in Korea. Cancer Res Treat.
2010;42:12-7.
Dogliotti L, Carteni G, Siena S, et al.
Gemcitabine plus cisplatin versus gemcitabine
plus carboplatin as first-line chemotherapy in
advanced transitional cell carcinoma of the
urothelium: results of a randomized phase 2
trial. Eur Urol. 2007;52:134-41.
Persson L, Soderquist B, Engervall P, Vikerfors
T, Hansson LO, Tidefelt U. Assessment of
systemic inflammation markers to differentiate
a stable from a deteriorating clinical course
in patients with febrile neutropenia. Eur J
Haematol. 2005;74:297-303.
Vol 15 No 04 July-August 2018 171

Predictive factors for cisplatin-induced neutropenia-Kwon et al.

16. Engel A, Knoll S, Kern P, Kern WV.
Interleukin-8 serum levels at fever onset in
patients with neutropenia predict early medical
complications. Infection. 2005;33:380-2.
17. Uys A, Rapoport BL, Fickl H, Meyer PW,
Anderson R. Prediction of outcome in
cancer patients with febrile neutropenia:
comparison of the Multinational Association
of Supportive Care in Cancer risk-index score
with procalcitonin, C-reactive protein, serum
amyloid A, and interleukins-1beta, -6, -8 and
-10. Eur J Cancer Care (Engl). 2007;16:47583.
18. Persson L, Engervall P, Magnuson A, et
al. Use of inflammatory markers for early
detection of bacteraemia in patients with
febrile neutropenia. Scand J Infect Dis.
2004;36:365-71.
19. Viscoli C, Bruzzi P, Castagnola E, et al.
Factors associated with bacteraemia in
febrile, granulocytopenic cancer patients.
The International Antimicrobial Therapy
Cooperative Group (IATCG) of the
European Organization for Research and
Treatment of Cancer (EORTC). Eur J Cancer.
1994;30A:430-7.
20. Hubel K, Hegener K, Schnell R, et al.
Suppressed neutrophil function as a risk
factor for severe infection after cytotoxic
chemotherapy in patients with acute
nonlymphocytic leukemia. Ann Hematol.
1999;78:73-7.
21. Kwon WA, Oh TH, Lee JW, Park Sc. Predictive
factors for neutropenia after docetaxel-based
systemic chemotherapy in Korean patients
with castration- resistant prostate cancer.
Asian Pac J Cancer Prev. 2014;15:3443-6.
22. Matsumoto T, Takahashi K, Tanaka M,
Kumazawa J. Infectious complications
of combination anticancer chemotherapy
for urogenital cancers. Int Urol Nephrol.
1999;31:7-14.
23. Aapro MS, Bohlius J, Cameron DA, et al.
2010 update of EORTC guidelines for the
use of granulocyte-colony stimulating factor
to reduce the incidence of chemotherapyinduced febrile neutropenia in adult patients
with lymphoproliferative disorders and solid
tumours. Eur J Cancer. 2011;47:8-32.
24. Srokowski TP, Fang S, Hortobagyi GN,
Giordano SH. Impact of diabetes mellitus
on complications and outcomes of adjuvant
chemotherapy in older patients with breast
cancer. J Clin Oncol. 2009;27:2170-6.
25. Aapro MS, Cameron DA, Pettengell R, et al.
EORTC guidelines for the use of granulocytecolony stimulating factor to reduce the
incidence
of
chemotherapy-induced
febrile neutropenia in adult patients with
lymphomas and solid tumours. Eur J Cancer.
2006;42:2433-53.
26. Smith TJ, Khatcheressian J, Lyman GH, et al.
Urological Oncology 172

27.

28.

29.

30.

2006 update of recommendations for the use of
white blood cell growth factors: an evidencebased clinical practice guideline. J Clin Oncol.
2006;24:3187-205.
Lyman GH, Dale DC, Crawford J. Incidence
and predictors of low dose-intensity in
adjuvant breast cancer chemotherapy: a
nationwide study of community practices. J
Clin Oncol. 2003;21:4524-31.
Rivera E, Haim Erder M, Fridman M, Frye
D, Hortobagyi GN. First-cycle absolute
neutrophil count can be used to improve
chemotherapy-dose delivery and reduce the
risk of febrile neutropenia in patients receiving
adjuvant therapy: a validation study. Breast
Cancer Res. 2003;5:R114-20.
Savvides P, Terrin N, Erban J, Selker HP.
Development and validation of a patientspecific predictive instrument for the need
for dose reduction in chemotherapy for breast
cancer: a potential decision aid for the use of
myeloid growth factors. Support Care Cancer.
2003;11:313-20.
Silber JH, Fridman M, DiPaola RS, Erder MH,
Pauly MV, Fox KR. First-cycle blood counts
and subsequent neutropenia, dose reduction,
or delay in early-stage breast cancer therapy.
J Clin Oncol. 1998;16:2392-400.

