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Comparing risk models guiding growth 
factor use in chemotherapy

Chemotherapy-induced neutropenia (CIN) 
and its corollary febrile neutropenia (FN) 
are well recognized, and they are serious 

consequences of many agents used in the treatment 
of malignancy. FN in particular has been associated 
with a considerable risk of morbidity and mortality, 
namely sepsis with multiorgan failure and eventual 
death.1 The mainstay of prophylaxis for patients who 
are deemed to be at high risk for CIN and FN is 
colony-stimulating factors (CSF). These agents have 
been shown to significantly decrease FN-related 
mortality, and therefore their use is potentially life-
saving.2 However, CSF are not cheap, with the cost 
of peg-filgrastim as much as US $6195.99 per cycle 
of chemotherapy.3 Therefore, not only do FN and 
CIN pose significant risk to patients, they also carry 
a high burden of cost to the patient and health care 
system both in treatment and prophylaxis.4 As such, 
it is prudent for oncologists to accurately identify 
high-risk patients and judiciously use CSF in an 
evidence-based manner.

However, this has proven to be difficult because 

of the extent of variability between patients and 
the heterogeneity of the various risk models in the 
literature. Currently, there are 2 widely used guide-
lines, 1 developed by the National Comprehensive 
Cancer Network (NCCN) and another by the 
American Society of Clinical Oncology (ASCO). 
Both guidelines suggest the use of prophylactic 
CSF if the chemotherapy regimen has an FN risk 
of more than 20% (high risk). If the chemother-
apy is deemed to be of intermediate risk (10%-20% 
FN risk), then patient-specific factors need to be 
considered.5,6

In lung cancer, the NCCN lists only topotecan 
for small cell carcinomas as being high risk for FN, 
and therefore it is the only regimen that would war-
rant definitive use of prophylactic CSF.5 The most 
recent ASCO guidelines do not list chemotherapy 
regimens that are high risk for FN.6 For intermedi-
ate-risk regimens, the NCCN states that CSF pro-
phylaxis should be considered if the patient has had 
previous chemotherapy or radiation therapy, per-
sistent neutropenia, bone marrow involvement by 
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Background The National Comprehensive Cancer Network (NCCN) and the American Society of Clinical Oncology (ASCO) 
have guidelines for using colony-stimulating factors (CSF) for chemotherapy-induced neutropenia (CIN). Both groups recommend 
CSF if the chemotherapy has a risk for febrile neutropenia of more than 20%. The guidelines are less definitive if the risk is inter-
mediate (10%-20%). Two risk models developed by Hosmer and Bozcuk and their respective colleagues may provide guidance 
regarding CSF decision making in this intermediate risk population.
Objective To examine whether risk models developed by Hosmer and Bozcuk had adjunct value to the NCCN and ASCO guide-
lines when applied to patients with lung cancer who were receiving intermediate-risk chemotherapy.
Methods Male and female patients aged 18-75 years with a diagnosis of any stage lung cancer, small or non–small cell, who 
required and received their initial chemotherapy at Drexel University in Philadelphia were included in this study. Patients who 
received growth factor before their chemotherapy were excluded. The Hosmer and Bozcuk calculators for febrile neutropenia risk 
and the NCCN and ASCO guidelines for using CSF for CIN were applied to this group of patients. 
Results 43 patients were included in the study. The Hosmer and Bozcuk calculators and NCCN and ASCO guidelines recom-
mended giving CSF to 26, 22, 25, and 38 patients, respectively. The sensitivities for detecting severe CIN were 89%, 78%, 67%, 
and 97%, and the specificities were 44%, 56%, 45%, and 14%, respectively.
Limitations Small cohort size; data were limited in scope. 
Conclusions In lung cancer patients receiving intermediate-risk chemotherapy, the Hosmer calculator had the best combination 
of sensitivity, specificity, and ease of use. The NCCN guidelines were less sensitive, whereas the ASCO guidelines were the least 
specific. Based on these findings, we recommend using the Hosmer calculator because it lends to accurate but judicious use of CSF.
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tumor, recent surgery or open wounds, liver dysfunction 
(total bilirubin, >2.0 mg/dL), or renal dysfunction (creati-
nine clearance, <50 mL/min), or is older than 65 years.5 

ASCO guidelines state that in intermediate-risk che-
motherapy regimens, the following factors are to be con-
sidered: age >65 years, advanced disease, previous chemo-
therapy or radiation therapy, pre-existing neutropenia or 
marrow involvement by tumor, infection, open wounds 
or recent surgery, poor performance status or nutritional 
status, poor renal function, liver dysfunction (most nota-
bly bilirubin elevation), cardiovascular disease, multiple 
comorbid conditions, and HIV infection. However, in the 
ASCO guidelines, there is no suggestion as to whether 
CSF should be administered if patients have one of these 
risk factors, only to “consider these factors when estimating 
patients’ overall risk of febrile neutropenia.”6 

There is some uncertainty with the NCCN and ASCO 
guidelines as to whether prophylactic CSF should be given 
to these intermediate-risk patients. There are suggestions 
but no definitive guidelines. In our study, we looked at lung 
cancer patients treated with intermediate-risk chemother-
apy regimens and applied 2 different risk models created 
by Hosmer7 and Bozcuk8 and their respective colleagues 
(Hosmer and Bozcuk hereinafter). Our goal was to assess 
the efficacy differences between the 2 risk models and to 
compare their outcomes and recommendations with the 
NCCN and ASCO guidelines. This was done to showcase 
the tools available to a clinical oncologist who must decide 
whether to prescribe prophylactic CSF in these more chal-
lenging clinical situations.

Methods
Study population
This was a cross-sectional, retrospective study looking at 
male and female patients aged 18 to 75 years who were 
treated in the hematology–oncology offices of Drexel 
University in Philadelphia, Pennsylvania, from 2005 
through 2016, who had a diagnosis of lung cancer and 
were, at some point during their disease, treated with 
chemotherapy. By using ICD-10 codes for any type of 
lung cancer, we identified 242 patients. Of those, 106 
patients were excluded because they had never received 
chemotherapy, 16 were excluded either because of mis-
coding of the type of cancer or because they never actu-
ally had cancer, and 61 were excluded either because 
chemotherapy had not been delivered at our institution 
or because there were insufficient data to apply the 2 risk 
models. Of the remaining 59 patients, 16 were excluded 
because they had received prophylactic CSF with their 
first cycle of chemotherapy, leaving a total of 43 patients 
to whom the various risk models and guidelines could be 
applied (Table 1). If any of the 43 patients were found 
to be neutropenic, they were given growth factor shortly 
thereafter.

Chemotherapy for these 43 patients consisted of either a 
platinum doublet (cisplatin or carboplatin with either eto-
poside, pemetrexed, gemcitabine, or paclitaxel) or mono-
therapy with either paclitaxel, abraxane, navelbine, or 
pemetrexed. Of the 43 patients, 32 had platinum-based 
doublets, and 11 had monotherapy with one of the listed 
agents (Table 1). 

Formal patient consent was not required because this 
was a retrospective study.

Defining CIN and FN
Neutropenia was defined as an absolute neutrophil count 
(ANC) of less than 1500 neutrophils per microliter. The 
levels of neutropenia were defined as mild (ANC, 1000-
1500 neutrophils/μL), moderate (ANC, 500-1000 neutro-
phils/μL), and severe (ANC, <500 neutrophils/μL). The 
NCCN guidelines define FN as a single temperature of 
>38.3°C orally or >38.0°C over 1 hour, with an associated 
ANC of <500 or <1000 with a predicted decline to <500 
over the next 48 hours.5 

Risk models
It should be noted that the Hosmer and Bozcuk calculators 
were powered to detect occurrence of FN.7,8 However, we 
also applied them for the risk of any CIN. In scoring for 
the Hosmer calculator, points are given to each risk factor 
and are added together to give a final risk score. This risk 
score correlates to a percentage of predicted FN. The score 
for the Hosmer calculator is from minus 18 to plus 19, in 

TABLE 1 Patient characteristics per specific demographic infor-
mation (N = 43)

Characteristic n (%)

Age >60 y 27 (62.7)

Male 16 (37.2)

Lung cancer type

     Adenocarinoma 26 (60.4)

     Squamous cell 12 (27.9)

     Small cell 3 (6.9)

     Undifferentiated 2 (4.6)

Stage at time of
    chemotherapy

     I 5 (11.6)

     II 5 (11.7)

     III 19 (44.1)

     IV 14 (32.5)

Chemotherapy regimen

     Platinum doublet 32 (74.4)

     Monotherapy 11 (25.6)
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which a score of 13 or higher correlates to a 15% predicted 
risk of FN, and a score of 0 or less correlates to a 1.6% risk 
of FN.7 For the Bozcuk calculator, a nomogram is used to 
calculate risk. Individual points are given to each risk fac-
tor and are then summed to give a total that correlates to a 
risk of FN. The score range for the Bozcuk calculator is 0 to 
300, with a score of greater than 190 correlating to a greater 
than 90% risk of FN, and a score of 0 correlating to a 0% 
predicted risk of FN.8

For sensitivity and specificity threshold values, Hosmer 
reported using a risk score of 10 or above as being a reason-
able value for the use of prophylactic CSF. They reported 
this score would predict an FN risk of about 10%, sensitiv-
ity of 24%, and specificity of 93% in detecting FN.7 Bozcuk 
reported that using 110 as a cutoff value would correlate to 
about a 50% FN risk, sensitivity of 100%, and specificity of 
49%. However, they did not suggest that value be applied 
as a threshold for the use of prophylactic CSF as Hosmer 
did.8 Despite that, we used the thresholds of 10 and 110 for 
sensitivity and specificity analyses. 

Regarding the current cycle of chemotherapy, the 
Hosmer calculator looked only at the first cycle, whereas 
the Bozcuk calculator looked at any cycle of chemother-
apy.7,8 In our study, we used the cycle correlating to the 
lowest ANC nadir the patient achieved. For example, if a 
patient achieved a nadir of 1,000 in cycle 1 but 200 in cycle 
2, then we used the cycle 2 data to complete the calculators. 

With respect to the NCCN and ASCO guidelines, we 
evaluated our cohort of 43 patients for the risk factors 
listed in the respective guidelines. If a patient had 1 or more 
of the risk factors, they were deemed to be high risk and 
therefore were recommended to receive CSF. 

Results
General data
Of the 43 patients studied, 21 developed some level of CIN. 
Nine patients developed severe CIN, 4 developed moder-
ate CIN, and 8 developed mild CIN. Of the severely neu-
tropenic patients, 4 developed FN. None of the 16 patients 
who received prophylactic CSF developed FN, although 
2 developed severe neutropenia despite CSF administra-

tion. Nadirs of ANC were seen on average during cycle 3 of 
chemotherapy. In all, 15 of the 43 patients achieved lowest 
ANC nadir during cycle 1.

Risk models
The Bozcuk calculator. A total of 22 patients had risk 
scores above the calculator’s threshold value of 110. Of 
those 22 patients, 7 developed severe CIN, 5 developed 
either mild or moderate CIN, and 3 developed FN. Of the 
remaining 21 patients who had risk scores of below 110, 2 
developed severe CIN, 7 developed mild or moderate CIN, 
and 1 developed FN. Sensitivity and specificity values are 
shown in Table 2.

The Hosmer calculator. A total of 26 patients had risk 
scores above the calculator’s threshold value of 10. Of 
those 26 patients, 8 developed severe CIN, 4 developed 
either mild or moderate CIN, and 4 developed FN. Of the 
remaining 17 patients who had risk scores of less than 10, 1 
developed severe CIN, 8 developed mild or moderate CIN, 
and none developed FN. Sensitivity and specificity values 
are listed in Table 2. 

Current guidelines
NCCN guidelines. If one were to use the NCCN guide-
lines on our cohort of 43 patients, 25 would have been rec-
ommended to receive prophylactic CSF. Of those 25, 6 
developed severe CIN (2 with FN), 2 moderate CIN, and 
5 mild CIN. Of the 18 patients who would not have been 
recommended to receive CSF, 3 developed severe CIN 
(with 2 FN), 2 moderate CIN, and 3 mild CIN. Sensitivity 
and specificity values are listed in Table 2.

ASCO guidelines. Using the ASCO guidelines on our 
cohort of 43 patients, 38 had 1 or more of the high-risk 
features, and, therefore, CSF would have been considered 
for them. Of those 38 patients, 8 developed severe CIN 
(4 with FN), 4 developed moderate CIN, and 7 developed 
mild CIN. Of the 5 patients who would not have received 
CSF, 1 developed severe CIN and 1 mild CIN. Sensitivity 
and specificity values are listed in Table 2. 

TABLE 2 Sensitivity and specificity values for the Hosmer and Bozcuk risk models and the NCCN and ASCO guidelines for FN risk

Risk model/
guideline

Severe CIN
sensitivity

Severe CIN patients not 
recommended CSF FN sensitivity

CIN and FN
specificity

Hosmer 89 1 100 44

Bozcuk 78 2 75 56

NCCN 67 3 50 45

ASCO 97 1 100 14

ASCO, American Society of Clinical Oncology; CIN, chemotherapy-induced neutropenia; CSF, colony-stimulating factors; FN, febrile neutropenia; NCCN, National 
Comprehensive Cancer Network
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Discussion
In our study, we looked at 2 CIN risk models and com-
pared them with the current NCCN and ASCO guide-
lines. The models were created to predict risk of FN, but we 
also looked at their predictive value for any level of CIN. 
To this end, we found that the Hosmer and Bozcuk cal-
culators both were acceptable for predicting risk of severe 
CIN and FN. Because of the small number of patients in 
this study, differences in sensitivities and specificities can-
not be quantitatively compared. Nevertheless, qualitatively, 
it can be said that both calculators were accurate in assign-
ing high-risk scores to patients who developed severe CIN 
or FN. However, both calculators had many patients with 
high-risk scores who never developed CIN. 

When comparing the 2 risk models with the NCCN 
and ASCO guidelines, the ASCO guidelines tended to 
be more liberal in their consideration of CSF use, whereas 
the NCCN guidelines tended to be more conservative and 
more similar to the 2 risk models we tested. The NCCN 
guidelines suggested not giving prophylactic CSF to 2 of 
our patients who developed FN and to not give CSF to an 
additional patient who developed severe CIN. The ASCO 
guidelines suggested considering using CSF for most of 
our patients, with only 5 patients not to be considered for 
CSF administration. 

The differences in efficacy between the current guide-
lines and the 2 risk models may be indicative of the fact 
that the risk models are more accurate in assigning risk in 
older patients who are clinically more complicated. In our 
patients, the chemotherapies used were all considered to be 
intermediate risk, so patient-specific factors were used to 
guide the administration of CSF. However, because many 
our patients had at least 1 of the risk factors listed by the 
NCCN or ASCO, they were automatically deemed to be 
high risk and to receive prophylactic CSF. 

Consequently, the Hosmer and Bozcuk calculators may be 
of greatest utility in more clinically complicated patients and 
those who have more comorbidities. The best approach may 
be a combination of either the NCCN or ASCO guidelines 

with 1 of the calculators, in our opinion the Hosmer sys-
tem, for these complicated patients. Likely, the 2 risk models 
would not be as useful for chemotherapies deemed to have 
a high risk for FN because, in those situations, the efficacy 
and benefit of prophylactic CSF are clear.9 Rather, their use 
could be beneficial in the grayer areas in which the risk is 
intermediate and decision-making is more difficult. 

Limitations
There were several limitations in our study. First, the size 
of the cohort was small, and, therefore, the data that we 
gathered was limited in its scope. However, the goal of this 
study was to help provide guidance to oncologists in real-
world settings about the validity and use of the available 
risk calculators. A further study should compare the calcu-
lators and guidelines in a much larger cohort to see if pres-
ent results still hold true. 

The second possible limitation of the study was our appli-
cation of the Hosmer calculator because our patient popu-
lation did not fit the criteria for inclusion in their original 
study. Hosmer had included only the first cycle of chemo-
therapy, whereas we included all cycles of chemotherapy. 
However, despite that, the calculator still performed well 
and could predict severe CIN and FN even with later cycles 
of chemotherapy. Therefore, we suggest using this calcula-
tor in any cycle of chemotherapy rather than just the first. 
This would expand its scope and utility in clinical practice.

Conclusions
This article provides oncologists with a comparison of 2 
CIN risk models with the currently available NCCN and 
ASCO guidelines for use in patients with lung cancer. We 
prefer the Hosmer calculator over the Bozcuk calculator 
because of its simplicity of use and the accuracy of results. 
We anticipate that it may be useful and practical as an 
adjunct tool to the NCCN or ASCO guidelines in patients 
receiving intermediate-risk chemotherapy regimens. 
Larger studies combining the calculators and determining 
accuracy need to be completed to prove this hypothesis. 
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