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Abstract
Background: Testicular germ cell tumors (GCTs) are the most common solid malignancy in men 15-35
years old. Febrile neutropenia (FN) is a serious complication of chemotherapy, frequently occurring in
GCT patients. The aim of this retrospective study was to assess the effect of primary granulocyte-colony
stimulating factor (G-CSF) prophylaxis on the incidence of FN in GCT patients.

Methods: This study was conducted from medical records database of GCTs patients treated with �rst
line/adjuvant chemotherapy from January 2000 to December 2017. Starting in January 2006, patients
received G-CSF prophylaxis after every cycle of chemotherapy.

Results: Out of 385 patients, 264 patients received primary G-CSF prophylaxis and 121 patients did not
receive prophylaxis. During the study period, 71 patients (18.4%) suffered FN events. Out of 121 patients
who did not receive primary prophylaxis, 42 patients suffered FN, while only 29 patients with primary
prophylaxis suffered FN (34.7% vs 11.0%, P = 0.00000003). On subgroup analysis, FN incidence
decreased in all groups with primary prophylaxis, except for patients with stage I GCT receiving adjuvant
chemotherapy. Patients receiving G-CSF prophylaxis had signi�cantly longer overall survival when
compared to patients without prophylaxis. (HR = 0.54, 95% CI 0.31-0.96; P = 0.0235).

Conclusions: Primary G-CSF prophylaxis was associated with signi�cantly decreased FN incidence in
patients treated with �rst line chemotherapy for metastatic disease. Patients receiving G-CSF prophylaxis
had signi�cantly longer overall survival. We suggest, that primary G-CSF prophylaxis should be
considered in GCT patients receiving �rst line chemotherapy.

Background
Testicular germ cell tumors (GCTs) represent only one percent of all solid tumors; however, they are the
most common solid malignant tumors in men 15-35 years old.[1, 2] As a result of high sensitivity of these
tumors to cisplatin-based chemotherapy, GCTs have become a model for a curable malignancy.
[3] However, chemotherapy regimens may induce non-negligible adverse effects. Focus on prevention and
appropriate management of treatment-related side effects is crucial in order to minimize morbidity,
mortality and improve patients’ quality of life.[4-6]

Febrile neutropenia (FN) is a life-threatening complication of cisplatin-based chemotherapy.[7,
8] Incidence of FN in GCT patients measured in previous studies varies widely.[9-12] The overall risk of
developing FN depends on various factors that are related to the patient and to the treatment regimen.
Several studies focused on identi�cation of potential risk factors of FN in GCT patients.[9, 12, 13] Older
age has been identi�ed as a signi�cant risk factor for the development of FN, Feldman et al found 44%
incidence of FN in patients older than 50 years.[13] Other strong risk factors observed by Terbuch et al
were poor performance status (OR = 2.73, 1.47 – 5.06, P = 0.001) and poor risk class according to the
International Germ Cell Cancer Collaboration Group (IGCCCG) classi�cation (OR = 4.20, 1.71 – 10.33, P =
0.002).[12] 
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Prophylactic granulocyte-colony stimulating factor (G-CSF) use after treatment with myelosuppressive
chemotherapy has been shown to decrease the incidence of FN in various cancers.[14, 15] Fossa et al
observed that prophylactic use of �lgrastim in poor risk GCT patients is associated with decreased
incidence of FN events.[16] However, study evaluating the effect of G-CSF prophylaxis on FN incidence in
other GCT patients is lacking. 

The aim of this retrospective study was to assess the effect of primary G-CSF prophylaxis on the
incidence of FN and outcome in chemotherapy-naïve GCT patients. 

Methods
Study patients

This retrospective study was conducted using the National Cancer Institute (NCI) medical records
database of hospitalized patients with GCTs. The study was approved by the Institutional Review Board
and waiver of consent form was granted. Patients diagnosed with GCTs treated with �rst line/adjuvant
chemotherapy at the NCI, Bratislava, Slovakia from January 2000 to December 2017 were eligible.
Patients with any concurrent malignancy, other than non-melanoma skin cancer in the previous 5 years
were excluded from the study. Excluded were also patients with previous chemotherapy. 

De�nition of FN event

            According to European society of medical oncology clinical practice guidelines, febrile neutropenia
is de�ned as single oral temperature reading of >38.5°C or two consecutive readings of >38.0°C for two
hours and an absolute neutrophil count of <0.5´109/l or expected to fall below 0.5´109/l.[17]

All episodes of febrile neutropenia occurring during �rst-line chemotherapy were recorded. However, only
the �rst episodes of FN occurring in patients was classi�ed as events.

Baseline data

During the initial staging, patients had a CT scan of the chest, abdomen and pelvis. Baseline data
regarding age, primary tumor location, tumor histology, TNM stage, IGCCCG risk class and �rst-line
chemotherapy regimen were recorded. 

FN prophylaxis

Only one of the patients treated before January 2006 received primary G-CSF prophylaxis. Starting in
January 2006, we progressively implemented a practice, where G-CSF prophylaxis (�lgrastim or
peg�lgrastim) was administered to patients after every cycle of chemotherapy. These data are
summarized in Figure 1.
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In case FN was encountered after the �rst cycle of chemotherapy and the patient did not receive primary
G-CSF prophylaxis, G-CSF was administered in subsequent cycles.

Statistical analysis
We performed a retrospective review of patients’ medical records. All �rst episodes of febrile neutropenia
were classi�ed as events. Patients’ characteristics were tabulated and summarized as the median (range)
values for continuous variables and frequency (percentage) for categorical variables, respectively.
Fisher’s exact test was used for statistical analysis to compare FN events between groups with and
without prophylaxis. 

Primary outcome was the overall incidence of FN events occurring during �rst-line chemotherapy.
Secondary outcomes were incidences of FN events in various subgroups and overall survival (OS). 

Median follow-up was calculated as median time of observation of study patients. OS was calculated
from the start date of chemotherapy to date of the last follow-up or death of the patient. Kaplan-Meier
method was used to estimate OS. The log-rank test was used to compare differences in survival between
patients with and without prophylaxis. A multivariate Cox proportional hazards model for OS was used to
assess differences in outcome on the basis of G-CSF prophylaxis and prognosis according to age and
IGCCCG (International Germ Cell Collaborative Group). All calculations were done in NCSS 2019
statistical software.[18] 

Results
Patients’ characteristics

Our cohort included 385 chemotherapy naive patients with GCTs treated with �rst line chemotherapy
(Figure 1). Patients’ characteristics are summarized in Table 1. Median age of patients at time of
enrollment was 31 years (ranging from 17 to 63 years). The majority of patients (75.9%) had non-
seminomatous germ cell tumor (NSGCT). All patients received platinum-based chemotherapy. There were
121 (31.4%) without primary G-CSF prophylaxis and 264 patients (68.6%) who received primary
prophylaxis. Thirty-nine patients (14.8%) received �lgrastim and 225 (85.2%) patients received
peg�lgrastim. 

FN events

During the study period, 71 patients (18.4%) suffered FN events. There were 42 patients (34.7%) without
primary prophylaxis who suffered FN events. Out of these, 31 patients (25.6%) suffered only one FN
episode, and 11 patients (9.1%) who suffered more than 1 episode. Out of 264 patients receiving
prophylaxis, 29 patients (11.0%) suffered FN events, 25 patients (9.5%) suffered only one FN episode and
4 patients (1.5%) suffered more than one episode. 



Page 6/15

The majority of FN episodes (69.1%) occurred during the �rst chemotherapy cycle. Overall incidence of
FN after the �rst chemotherapy cycle was 16.8%. In patients receiving prophylaxis, incidence of FN after
the �rst chemotherapy cycle was 9.8%, while there was 32.3% incidence of FN in patients without
prophylaxis (P < 0.0000001). Incidence of FN in patients receiving �lgrastim was 20.5% and 9.3% in
patients receiving peg�lgrastim (P = 0.0393).

During the course of chemotherapy, 11 (2.9%) patients died. Out of these, eight patients suffered FN
events, four patients received primary G-CSF prophylaxis, while four patients did not receive primary G-
CSF prophylaxis. Patients on G-CSF prophylaxis had signi�cantly longer time to FN compared to patients
without prophylaxis (HR = 0.30, 95%CI 0.18 – 0.50, P = 0.00000001).

Association between FN prophylaxis and patients/tumor characteristics

The highest incidence of FN events (42.6%) was observed in patients receiving chemotherapy regimen
other than bleomycin, etoposide, cisplatin (BEP) or etoposide, cisplatin (EP). Two regimens most
frequently associated with FN development were paclitaxel, bleomycin, etoposide, cisplatin (T-BEP)
(69.0%) and etoposide, iphosphamide, cisplatin (VIP) (50.0%). Very high incidence of FN was also
observed in patients with poor risk according to the IGCCCG classi�cation (41.6%) and in patients with
extragonadal tumors (29.3%). 

There were 61 FN events (20.9%) in patients with NSGCTs and 10 events (11.5%) occurred in patients
with seminoma. While there was a signi�cantly lower FN incidence in patients with NSGCT receiving
prophylaxis when compared to patients without prophylaxis, the difference in incidences in patients with
seminoma was not statistically signi�cant (11.9% vs 38.4%; P < 0.0001; 9.2% vs 18.2%; P = 0.26). 

We observed 59 FN events (17.2%) in patients with gonadal tumors and 12 events were recorded (29.3%)
in patients with extragonadal tumors. For both primary tumor locations, there was a signi�cantly lower
incidence of FN events in patients receiving prophylaxis. 

            There were 22 (10.7%) FN events in patients with good risk according to IGCCCG classi�cation, 10
events (19.6%) occurred in patients with intermediate risk and 37 events (41.6%) were observed in
patients with poor risk. There was a signi�cantly lower incidence of FN events in patients receiving
prophylaxis with good risk and poor risk. There was a trend to lower incidence in patients receiving G-CSF
prophylaxis with intermediate risk. These data are summarized in Table 2.

            FN events occurred in 40 patients (14.7%) receiving BEP, 20 patients (69.0%) receiving T-BEP, 5
patients (9.8%) receiving EP, 4 patients (50.0%) treated with VIP regimen and 2 patients (22.2%) treated
with paclitaxel, iphosphamide, cisplatin (TIP) regimen (Table 3).

Association between overall survival and G-CSF prophylaxis

Median follow-up of all patients was 68 months (0-224 months). Median follow-up of alive patients was
82 months (6 – 224 months). There were 53 deaths (13.8%) in our study population (Table 4). 2- and 5-
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year OS of the study group was 88.6% and 84.8%, respectively. 

Patients receiving G-CSF prophylaxis had signi�cantly longer OS when compared to patients without
prophylaxis (HR = 0.54, 95% CI 0.31-0.96; P = 0.0235) (Figure 2). The results are summarized in Table 5.
Patients with NSGCT histology receiving G-CSF prophylaxis had signi�cantly longer survival compared to
patients without prophylaxis. (HR = 0.52, 95% CI 0.29 – 0.93; P = 0.0172) (Figure 3). We have also
observed a trend to longer OS in patients receiving G-CSF prophylaxis with gonadal tumors regimen when
compared to patients without prophylaxis (HR = 0.56, 95% CI 0.28 – 1.09; P = 0.0607). We have also
observed longer OS in good risk patients receiving prophylaxis (HR = 0.28, 95% CI 0.04 – 1.92; P =
0.1390). In multivariate analysis only IGCCCG risk group was associated with survival, while G-CSF
showed borderline signi�cance (P = 0.06).(Table 6)

Discussion
Febrile neutropenia complicates the course of chemotherapy, contributing to prolonged hospital stays,
often resulting in increased morbidity and mortality.[19, 20] Patients receiving primary G-CSF prophylaxis
had signi�cantly lower incidence of FN compared to patients without primary G-CSF prophylaxis. We
have also observed a trend to lower FN incidence in patients receiving peg�lgrastim when compared to
FN incidence in patients receiving �lgrastim. We suppose, that this could be affected by worse
compliance to �lgrastim compared to peg�lgrastim. In hospitalized patients with poor performance
status, we preferred �lgrastim as �lgrastim was preferred prophylaxis in inpatient setting in our hospital.
Poor performance status has been identi�ed previously as a signi�cant FN risk factor.[12] We observed
highest incidence of FN in �rst cycle of chemotherapy, similarly as shown previously.[12, 21] This could
be related to the use of G-CSF in subsequent cycles if the patient developed neutropenia in the �rst cycle,
and/or dose reductions in patients with previous FN. Improvement in patients’ general health and tumor
control may also have an impact. Hematologic toxicity is also more pronounced in patients with lower
baseline neutrophil and lymphocyte counts possibly related to tumor-induced immunosuppression. 

 We observed FN incidence of 34.7% overall in patients without G-CSF prophylaxis, which is higher
compared to most reports.[11, 12, 22] However, Nishikawa et al observed even higher incidence (39.5%).
[9] In our study, FN incidence was especially high in patients treated with T-BEP and VIP. One factor
contributing to the discrepancy may be the difference in study populations. Terbuch et al measured only
17% FN incidence.[12] In their study population, poor risk patients comprised only 12% of all metastatic
patients opposite to 24.7% in our study. We have observed that FN incidence positively correlates with
TNM stage and IGCCCG risk group. While patients in good risk class had 21.8% FN incidence, there was
62.5% FN incidence in poor risk patients without primary G-CSF prophylaxis. This is in line with previous
�ndings that poor risk disease is a risk factor for febrile neutropenia. Therefore, study population
structure needs to be taken into account when comparing FN incidence rates. However, even patients with
good risk disease had higher FN incidence (21.8%) in our cohort when compared to literature data.[12,
23] Culine et al observed 7% FN incidence in patients with good risk NSGCTs receiving BEP chemotherapy
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regimen and 5% FN incidence in patients receiving EP regimen, while Terbuch et al found 17.7% incidence
in patients with good risk disease.[12, 23] 

Primary G-CSF prophylaxis decreased FN incidence in patients with NSGCTs and seminomas, however,
this difference in seminoma subgroup didn´t reached statistical signi�cance. We suppose that this
observation could be due to sample size, as seminomas represented only 22.6% of study population, as
well as due to lower risk of FN in seminomas without prophylaxis.

FN incidence is affected by chemotherapy regimen as shown in previous studies.[24-26] Patients treated
with T-BEP or VIP have signi�cantly higher rates of hematologic toxicity when compared to patients
treated with BEP regimen.[25, 27, 28] This could explain higher incidence of FN in extragonadal GCTs as
extragonadal GCTs were more frequently treated with VIP or T-BEP regimens compared to patients with
gonadal tumors. While 16.7% of patients with extragonadal GCT were treated with VIP chemotherapy
regimen, only 2.3% of patients with gonadal tumors received VIP regimen. T-BEP chemotherapy was also
used more frequently in patients with extragonadal GCTs (27.7% vs 21.4%). Secondly, higher proportion
of patients with extragonadal GCTs had poor risk disease when compared to patients with gonadal GCTs
(55.6% vs 29.1%). 

Our data suggest that G-CSF prophylaxis decrease FN incidence in all subgroups except for patients with
stage I disease. According to clinical practice guidelines for the management of FN issued in 2010,
individualized approach should be used, if the expected FN incidence falls between 10 and 20%.[26] In
our study, there were two subgroups of patients that fell into this category, patients with seminoma and
patients receiving EP chemotherapy. Even though we observed a numerically lower FN incidence in
patients receiving primary G-CSF prophylaxis when compared to patients without prophylaxis, this
difference was not statistically signi�cant. 

We observed a statistically signi�cant bene�t in OS in patients receiving primary G-CSF prophylaxis.
While this effect was consistent for all study subgroups, most pronounced was in patients with non-
seminomas and in gonadal primary. Analysis of causes of death showed, that primary G-CSF decreased
not only treatment related deaths but was associated with lower risk of disease progression as well. This
could be related more frequent chemotherapy dose modi�cation and treatment delays due to neutropenia
in patients without primary prophylaxis, but we suppose, that other immune related mechanism could be
related to this observation as well. Previously, it was shown that immune related factors including PD-L1
expression, systemic in�ammatory index and serum cytokines are associated with TGCTs prognosis.[29-
31] We suppose, that administration of G-CSF could have pleiotropic effect on immune system beyond
neutrophil count and therefore, better survival of patients that received G-CSF prophylaxis could be
related to this mechanism as well.[32] 

To our knowledge, this is the largest study assessing the effect of primary G-CSF prophylaxis in GCT
patients that re�ects routine clinical practice in tertiary cancer center. This study is limited by its
retrospective, non-randomized and single-center design. Most patients received BEP or EP chemotherapy.
Number of patients receiving other chemotherapy regimens is small and not proportionately distributed in
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subgroups, therefore our results mostly apply to GCT patients treated with BEP or EP regimens. The
number of patients in several subgroups was limited. Lastly, some patients who did not receive primary
G-CSF prophylaxis received G-CSF prophylaxis in subsequent cycles secondary to the occurrence of
neutropenia or FN in the previous cycle. 

Conclusion
In conclusion  in this large, retrospective study we con�rmed prophylactic effect of G-CSF on incidence of
FN in GCTs patients treated with �rst line of chemotherapy for metastatic disease. In our study, we
showed for the �rst time that patients receiving G-CSF prophylaxis had signi�cantly longer OS compared
to patients without prophylaxis and that this effect is not due only to prevention of treatment related
deaths but due to decreased risk of disease progression as well. Prospective validation of this
observation is warranted. Based on our data, we suggest, that G-CSF prophylaxis should be considered in
daily clinical practice in metastatic GCTs patients treated with �rst line chemotherapy especially in
patients in the poor risk group or patients treated with VIP or T-BEP regimens.
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Figures

Figure 1

Flow Diagram. Medical records search for germ cell tumor patients treated between 2000 and 2017 FN-
febrile neutropenia, CHT – chemotherapy
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Figure 2

Kaplan–Meier estimates of probabilities of overall survival according to primary G-CSF prophylaxis in
testicular germ cell tumor patients (N = 385), Hazard ratio = 0.54, 95% con�dence interval 0.31–0.96, P =
0.0235, 0—no primary G-CSF prophylaxis; 1—primary G-CSF prophylaxis with �lgrastim/peg�lgrastim.

Figure 3

(Left) A Kaplan–Meier estimates of probabilities of overall survival according to primary G-CSF
prophylaxis in patients with primary gonadal germ cell tumors (N = 344), Hazard ratio = 0.56, 95%
con�dence interval 0.28–1.09, P = 0.0607, 0—no primary G-CSF prophylaxis; 1—primary G-CSF
prophylaxis with �lgrastim/peg�lgrastim. (Right) 3B Kaplan–Meier estimates of probabilities of overall
survival according to primary G-CSF prophylaxis in patients with nonseminomatous germ cell tumors (N
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= 292), Hazard ratio = 0.52, 95% con�dence interval 0.29–0.93, P = 0.0172, 0—no primary G-CSF
prophylaxis; 1—primary G-CSF prophylaxis with �lgrastim/peg�lgrastim.
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