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It has been reported that chemotherapy drugs and granulocyte colony-stimulating factor (G-CSF) administered on the same day can aggravate neutropenia. In the present study, we investigated the safety of pegfilgrastim during bleomycin, etoposide, and cisplatin (BEP) therapy. This single-center retrospective study, including 137 cycles of BEP therapy for germ cell tumors between January 2008 and April 2021, investigated safety. Short-acting G-CSF was used for 84 cycles and pegfilgrastim was used for 53 cycles. In the pegfilgrastim group, neutrophil count at nadir was significantly higher than in the G-CSF group (median 1,650/μl and 680/μl, respectively). The incidence of grade 3–4 neutropenia was significantly higher and the duration longer in the G-CSF group. Also, there was no significant difference in the incidence of febrile neutropenia. In conclusion, concomitant use of pegfilgrastim during BEP therapy did not increase neutropenia and was effective in terms of safety.
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Introduction

Bleomycin, etoposide, and cisplatin (BEP) chemotherapy has been positioned as the standard of care of initial treatment for advanced germ cell tumors (GCT). The most serious side effects of BEP therapy are neutropenia and febrile neutropenia (FN). The incidence of Common Terminology Criteria for Adverse Events (CTCAE) grade 3–4 neutropenia is as high as 73% (1). In addition, these adverse effects of BEP therapy are reported to worsen the prognosis by decreasing the dose intensity and prolonging the dosing interval (2). Furthermore, the use of broad-spectrum antibiotics and prolonged hospitalization in the event of FN increases the cost of treatment and the burden on patients (3). Treatment guidelines recommend the use of granulocyte colony-stimulating factor (G-CSF) prophylaxis to prevent FN in patients deemed to be at high and moderate risk of developing it when patient-related risk factors are added (4, 5). Prophylactic administration of G-CSF is approved for BEP therapy, and there are also long-acting formulations of G-CSF called glycopegylated G-CSF, one of which is pegfilgrastim. By pegylation of filgrastim, the plasma clearance of the renal drug is reduced and the half-life is prolonged, thereby maintaining stable blood concentrations (6). This means that G-CSF needs to be administered every day, while pegfilgrastim only needs to be administered once a cycle. There are several reports comparing the use of pegfilgrastim with filgrastim during chemotherapy (7–11) (Table 1). These studies show that the combination of pegfilgrastim is able to reduce severe neutropenia as well as or better than the combination of filgrastim. There are also several reports of a lower incidence of FN than with filgrastim. Cerchione et al. suggest that primary prophylactic use of pegfilgrastim give significant advantages in terms of reduction of chemotherapy disruption due to FN, with subsequent overall improvement of treatment effectiveness. In addition, they noted that the use of pegfilgrastim is highly beneficial for high-risk patients such as the elderly (12). Pegfilgrastim is frequently used prophylactically when anticancer drugs are administered for malignant lymphoma and breast cancer (9, 13). In the urological field, it is administered prophylactically when cabazitaxel is administered for castration-resistant prostate cancer (14). Pegfilgrastim has not been established to be safe when administered 14 days prior to the beginning of chemotherapeutic agents and within 24 hours after the end of chemotherapy. One of the reasons for this is the aggravation of myelosuppression in combination with chemotherapeutic agents (15). In our institution, bleomycin is administered on days 1, 8, and 15, and etoposide and cisplatin on days 1–5. Therefore, bleomycin on days 8 and 15 may be a barrier in BEP therapy when using pegfilgrastim. However, Iwamoto et al. reported that pegfilgrastim can be used safely and effectively during BEP therapy (16). In this study, we accumulated more cases and investigated the safety of adding pegfilgrastim to BEP treatment regimens.


Table 1 | Studies of prophylactic use of pegfilgrastim versus filgrastim during chemotherapy.





Material and Methods

This is a retrospective study. Patients who underwent BEP therapy for germ cell tumors at the Department of Urology of our hospital between January 2008 and April 2021 were included in the study. The BEP regimen consisted of 30 mg of bleomycin on days 1, 8, and 15; 100 mg/m2 of etoposide on days 1–5; and 20 mg/m2 of cisplatin on days 1–5. Treatment was repeated every three weeks for two to four cycles. Two groups were compared: the group receiving the short-acting G-CSF group (hereafter referred to as short G-CSF), and the pegfilgrastim group. The pegfilgrastim group received 3.6 mg of pegfilgrastim on day 7. The short G-CSF group received filgrastim, lenograstim, or nartograstim and the timing, frequency, and dose were left to the discretion of the attending physician. Age, clinical stage, pathological results, course of treatment, blood sampling data, side effects, and post-hospitalization course were retrospectively investigated. Statistical analyses were performed using the commercially available software Prism 8 (GraphPad, San Diego, CA, USA). Comparisons between different groups were performed using the chi-squared test and the Mann–Whitney U test. In all analyses, p-values of less than 0.05 indicated statistical significance. This study was approved by the institutional review board of Kanazawa University Hospital (2021-041).



Results

The short G-CSF group had a total of 84 cycles and the pegfilgrastim group had 53 cycles (9 of the 53 cycles were combined with G-CSF). The median age of the patients was 35 years in the short G-CSF group and 42 years in the pegfilgrastim group. There was no significant difference in the primary tumor, pathology, clinical stage, International Germ Cell Consensus Classification (IGCCC), or metastatic site between the two groups (Table 2).


Table 2 | Patient characteristics.



Table 3 shows hematological toxicity and other events in each group. The nadir of the absolute neutrophil count (ANC) was significantly higher in the pegfilgrastim group than in the short G-CSF group (median 1,650/μl and 680/μl, respectively, p = 0.0045). The maximum neutrophil count (MNC) was also significantly higher in the pegfilgrastim group than in the short G-CSF group (median 15,490/μl and 11,600/μl, respectively, p = 0.0052). There were five cycles of FN in each group, and no significant difference was observed (p = 0.509). Only the pegfilgrastim group was discharged during the cycle. This difference was also significant (0 and 12 cycles, respectively, p < 0.0001). The number of cycles for which bleomycin was discontinued was 7 and 5 cycles, respectively. There was also no significant difference in the incidence of interstitial pneumonia (p = 0.740). As for grade 3–4 serious adverse events, the incidence of neutropenia was significantly higher in the short G-CSF group (p = 0.0014), while there was no significant difference in the incidence of anemia and thrombocytopenia.


Table 3 | Hematological adverse events and other events.



Figure 1 shows the ANC for each day in each cycle. The bold line shows the average value of ANC. Since pegfilgrastim was administered on day 7, neutrophils in the pegfilgrastim group reached peak on day 8. On the other hand, the number of times and the day of administration of G-CSF were left to the discretion of the physician, leading to variations in the peak of neutrophils. The duration of grade 3–4 neutropenia in the cycle was significantly longer in the short G-CSF group than the pegfilgrastim (p = 0.0081, median of 2 and 0 days, respectively, Figure 2A). On the other hand, the duration of ANC > 5,000/μl was significantly longer in the pegfilgrastim group than the short G-CSF group (p = 0.0303, median of 9 and 7 days, respectively, Figure 2B), but there was no significant difference in the duration of ANC 1,000–5,000/μl (p = 0.0693, Figure 2C).




Figure 1 | (A) The number of neutrophils in all cycles in the short G-CSF group. (B) The number of neutrophils in all cycles in the pegfilgrastim group.※ Bold lines indicate the average values each day.






Figure 2 | (A) Duration of neutropenia (CTCAE grade 3–4). (B) Duration of ANC>5000/μl. (C) Duration of ANC 1000–5000/μl.



Figure 3 shows a violin plot of the time points during the cycle that led to ANC at nadir or MNC. There was a significant difference in the median number of days for ANC at nadir (day 12 for the pegfilgrastim group and day 15 for the short G-CSF group, p < 0.0001). Also, in the pegfilgrastim group, nadir ANC was consolidated by day 17, while there were patients in the short G-CSF group who reached nadir after day 17 (Figure 3A). MNC was widely distributed in both groups (Figure 3B).




Figure 3 | (A) Day that demonstrated the ANC at nadir during the cycle. (B) Day that demonstrated the MNC during the cycle.





Discussion

According to the National Comprehensive Cancer Network guidelines on the use of myeloid growth factors, pegfilgrastim is recommended to be administered after the day of chemotherapy administration (17). The reason for this is that myeloid progenitor cells stimulated by myeloproliferative factors after the same day administration of G-CSF may be affected by cytotoxic chemotherapy, resulting in neutropenia (18). But there are some reports denying the same day administration (19, 20), and others supporting it (21). Burris et al. reported that in a breast cancer study, the mean severe neutropenia duration was 1.2 days longer in the same day pegfilgrastim compared with the next-day group (20) and this was statistically significant. On the other hand, Schuman et al. demonstrated safety and efficacy of pegfilgrastim given on the same day as myelosuppressive chemotherapy in patients with gynecologic malignancies (21). Lipegfilgrastim, which has not yet been introduced in Japan, has the same effect as pegfilgrastim. Lipegfilgrastim is a glycopegylated G-CSF with a prolonged half-life compared with the same dose of pegfilgrastim and produces a more stable ANC increase (22). A large observational study using lipegfilgrastim in combination with chemotherapy has shown its safety and efficacy. In this study, prophylactic treatment with lipegfilgrastim in 228 patients with urologic cancer resulted in a low incidence of FN (2.6%) and grade 3–4 neutropenia (2.2%). The study also included 50 patients with testicular tumors, 88% of whom received BEP therapy (23).

Pegfilgrastim and 11 days’ filgrastim have similar efficacy and safety (24). In this study, pegfilgrastim was given on day 7, which means that it was given on the same day as bleomycin on days 8 and 15 in BEP therapy. However, despite the administration of a long-acting G-CSF during BEP therapy, the nadir of ANC was significantly higher than in the regular G-CSF group, and there was no significant difference in the incidence of FN. Bleomycin has been reported to cause little or no myelosuppression in in vitro experiments (25). Therefore, it can be inferred that the combination with pegfilgrastim did not lead to neutropenia in BEP therapy. In the evaluable patients in the United States, only 7 of 806 patients (0.008%) had significant thrombocytopenia or leukopenia while receiving bleomycin (26).

In this study, the duration of grade 3–4 neutropenia was significantly shorter in the pegfilgrastim group. It suggests that stable neutrophil counts can be maintained by administering pegfilgrastim. The majority of protocols call for filgrastim to be administered until the ANC is greater than 5000/μL (27). Therefore, we checked the duration of ANC > 5,000/μL and found it was longer in patients who received pegfilgrastim. MNC was also significantly higher in the pegfilgrastim group. Although not present in our study, cases of splenic rupture due to excessive mobilization of hematopoietic stem cells into the peripheral blood by G-CSF have been reported (28, 29). A case of splenic rupture has been reported 8 days after pegfilgrastim was administered during chemotherapy for advanced lung cancer. The white blood cell (WBC) count at diagnosis was 48,800/μl (29). Although there is no data on the baseline value for increased risk of splenic rupture, there were cases in this study in which ultrasonography was not performed even though marked neutrophilia was observed, so improvement of clinical management is needed in the future.

Bleomycin is pulmonary toxic, and the incidence of interstitial pneumonia and pulmonary fibrosis is estimated to be about 10% (30). Although it has been reported that the addition of G-CSF may increase the risk of bleomycin-induced interstitial pneumonia, there have been recent conflicting reports (31). Azoulay et al. injected bleomycin and G-CSF into the trachea of rats and reported that acute lung injury and fibrosis were exacerbated by the addition of G-CSF rather than bleomycin alone (32). On the other hand, Laprise-Lachance et al. reported that the risk of pulmonary toxicity associated with the addition of G-CSF was not statistically significant in their case-control study (33). In this study, there were only two cases of interstitial pneumonia in the entire cycle (one each in the short G-CSF and pegfilgrastim groups), and the incidence was low. Regarding the concern of pulmonary toxicity, we believe that the combination of BEP therapy and pegfilgrastim is feasible.

In the present study, only patients of the pegfilgrastim group were temporarily discharged during the cycle (12 of 53 cycles). This may be due to a short half-life in blood of daily G-CSF, which requires frequent administration and monitoring; while the pegfilgrastim group can sustain a stable granulocyte colony-forming stimulus response, leading to a shorter hospital stay.

For ANC at nadir, readings of the short G-CSF group showed a wide distribution, whereas those of the pegfilgrastim group were concentrated around day 17. Based on these results, we believe that timing of the ANC nadir during pegfilgrastim treatment is predictable, allowing temporary discharge during the cycle and reducing the burden on the patient.

There are several limitations in the current study, the first of which being its retrospective nature. A larger, prospective study would further confirm our results. In addition, this study did not examine the antitumor effects of BEP therapy. Sato et al. reported a reduction in neutropenia and leukopenia when using pegfilgrastim in small cell lung cancer patients, leading to longer progression-free survival than the group that did not use pegfilgrastim (34). It is necessary to study the effect of concomitant use of pegfilgrastim in preventing postponement of chemotherapy and, consequently, in antitumor efficacy.

In conclusion, concomitant use of pegfilgrastim during BEP therapy did not increase the incidence of neutropenia or FN compared with the usual G-CSF combination. The discontinuation rate of bleomycin due to interstitial pneumonia was low and the combination was safe in terms of pulmonary toxicity. Also, concomitant use of pegfilgrastim can help physicians predict when neutrophil nadir will be reached and may eliminate the need for frequent administration of G-CSF products and blood collection monitoring. It also allows for temporary discharge, reducing the burden on patients.
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IGCCC, International Germ Cell Consensus Classification.

1. 9 of 53 cycles were combined with G-CSF.
2. The total number of patients was 44, of which 4 had overiapping patient numbers as

some patients belonged to both groups.
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