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Simple Summary: Pegfilgrastim, the pegylated form of filgrastim (recombinant human GCSF) is
widely adopted as supportive care for preventing neutropenia or febrile neutropenia episodes during
chemotherapy. Neutropenia is directly cause of potentially severe infections and indirectly cause
of treatment delivery delay. No guidelines address the pegfilgrastim role in the specific setting of
Hodgkin lymphoma (HL). Since HL is a young-adult disease and shows mostly a very a favorable
outcome after chemotherapy, treatment delay or dose reduction could potentially affect negatively
the outcome. The aim of our review is to explore the current scientific literature on pegfilgratim use
in HL, evaluating both observational than prospective trial. Moreover, analyzing the latter, we aim to
define some practical suggestion about primary prophylaxis with pegfilgrastim in HL.

Abstract: Neutropenia and febrile neutropenia are common and potentially life-threating events
associated with chemotherapy treatment in Hodgkin lymphoma (HL). Neutropenia-related infectious
events could be an issue both for direct clinical consequences and for delay in treatment delivery,
affecting final outcomes in a potentially highly curable disease. Pegfilgrastim is the pegylated form of
filgrastim, the recombinant form of human G-CSF, capable of prevent and mitigate neutropenic effects
of chemotherapy, when adopted as primary prophylaxis in several hematological malignancies. No
updated version of major international guidelines provides clear indication on prophylaxis use of
pegfilgrastim in HL to prevent febrile neutropenia episodes in HL. Moreover, to date, scarce and
non-uniform clinical experiences evaluating pegfilgrastim as prophylaxis in HL are present in the
literature. Herein, we propose a brief summary of the literature data about efficacy and safety of the
use of pegfilgrastim as primary prophylaxis in HL during chemotherapy treatment.

Keywords: pegfilgrastim; Hodgkin lymphoma; supportive care; G-CSF; primary prophylaxis

1. Introduction

Decreases in the absolute neutrophil count (ANC) (neutropenia) and neutropenic fever
(NF) are common adverse events experienced by patients undergoing chemotherapeutic
treatment, and are potentially serious and life-threatening. IDSA provided definitions
of both neutropenia and neutropenic fever [1]. Neutropenia is defined as an ANC of
500 cells/mm3 or an ANC that is expected to decrease to <500 cells/mm3 during the next
48 h. Fever in neutropenic patients is defined as a single oral temperature of 38.3 ◦C (101 ◦F)
or a temperature of 38.0 ◦C (100.4 ◦F) sustained over 1 h.

NF, despites advances in pharmacological prophylaxis and treatment, is still a relevant
cause of morbidity and death in patients undergoing myelosuppressive chemotherapy,
as well as a reason for delay in treatment delivery. Finally, clinicians should also take
account of hospitalization and treatment cost of one or more NF episodes in a patient. Then,
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a prompt diagnosis and treatment intervention of the NF episode are mandatory, but a
correct prophylaxis strategy is also essential to avoid a first or subsequent NF episode.

The risk of NF episodes over a myelotoxic chemotherapy treatment directly correlates
with the duration and severity of neutropenia [2]. Defining the risk of each patient of
developing a long and/or severe neutropenia before the chemotherapy treatment starts
could be assessed either by considering non-patient-related factors (e.g., type of chemother-
apy) or patient factor (e.g., disease features, infectious history, etc.). The updated EORTC
guidelines on G-CSF prophylaxis define the risk category (intermediate or high, 10–20%
or ≥20%) by the type of chemotherapy treatment adopted, drawing a complete list of
regimens and their corresponding risk [3]. Aside from the myelotoxic treatment itself,
several factors can contribute to the overall risk of longer and deeper neutropenia in a
given patient. The internationally validated MASCC score system provides a tool aiming
to identify the individual risk for a patient of a complicated course of neutropenia during
the chemotherapy [4]. A score greater than 21 predicts a low (<10%) risk of complica-
tion if neutropenia occurs, with direct implication in clinical management of prophylaxis
and possible treatment. ASCO guidelines on neutropenic patients do not clearly cite the
G-CSF prophylaxis approach in this setting [5]. Both ESMO and AGIHO/DGHO pro-
vide exhaustive guidelines on proper diagnostic pathways, prophylaxis and treatment
strategies of NF episodes in patient undergoing myelotoxic treatment [6,7]. Regarding
the first line anti-infective treatment (antibiotics) of NF episodes, both scientific societies
provide guidelines sorting patients by risk category: higher risk patients are to be treated
as inpatients and lower risk patients as outpatients. The choice of antibiotic treatment
lies outside the context of this review. Moreover, both ESMO and AGIHO/DGHO define
G-CSF prophylaxis strategies in patients undergoing myelotoxic anti-cancer treatment, but
no specific guidelines exist, to date, on NF prophylaxis in patients with lymphomas.

Hodgkin lymphoma (HL) is an uncommon B-cell malignancy, defined by the presence,
in a tissue specimen (usually lymph node), of a few tumor cells together with plenty of
microenvironment accompanying the cell population [8]. It is recognized that the incidence
is higher in adolescents and young adult population [9]. Overall, not taking into account
some differences in various histological subtypes (that is beyond the scope of this review),
HL remains to date one of the most curable neoplastic diseases, with >80% of patients
(aged < 60 years) able to be cured with a combination of chemo- and radiotherapy at
diagnosis [10].

Therefore, a potentially highly curable disease such as HL should have minimal
treated-related morbidity and mortality rates. The effort to reduce the incidence of NF, one
of the most dangerous adverse events during the chemotherapy delivery span, should be a
priority for clinicians.

Very few papers in the literature cite pegfilgrastim in HL and no collection of these
scattered data is available, to date. Then, this lack in the medical literature and the assump-
tion of a presumed efficacy of pegfilgrastim in HL, as it does in non-Hodgkin lymphomas
(NHLs), are the major issues guiding this review.

2. Filgrastim and Pegfilgrastim Pharmacology

The major method to reduce NF incidence during chemotherapy (in all malignancies,
not only in HL) is its prevention by the using human recombinant G-CSF (filgrastim), first
introduced in 1991, a molecule with a boosting effect on granulopoiesis [11]. G-CSF support
was found to be a valid supportive strategy in delivering dose-dense chemotherapeutic
treatment in both solid and hematological neoplasms [12–14]. Filgrastim, in daily clinical
practice, is usually administered as “on demand” multiple doses, when ANC drops below a
secure level or a clinical condition mandates it (e.g., NF). This is because, when administered
subcutaneously, filgrastim stimulates a fast ANC increase within 24 h, commonly requiring
multiple daily injections to reach a sufficient ANC threshold (5 days, on average) [15]. The
secondary prophylaxis strategy is widely adopted, but it bears some limitations inherent in
its pharmacology, almost always requiring more the one administration. In fact, physiolog-
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ical filgrastim clearance is a complex model, briefly involving two major pathways. First, a
neutrophil-related clearance, mediated by a surface receptor on mature neutrophils, acts
by mimicking the physiological negative feedback of G-CSF production, as soon as ANC
rises [16,17]. Secondly, a renally mediated clearance is also a relevant pathway leading
to G-CSF excretion [18]. These two clearance pathways indeed play a role in the short
half-life of filgrastim, leading to its inconvenient delivery modality of multiple injections.
Pegylation is a chemical process which some biological and therapeutic molecules undergo
whose result is to increase their molecular weight and structure, with relevant pharmaco-
logical implications [19]. Filgrastim pegylation acts mainly on minimizing the role of renal
clearance, thus leading to an extended half-life, allowing a single administration over a
treatment cycle [20]. This strategy of secondary prophylaxis with filgrastim is currently
sharing its role with the primary prophylaxis strategy, adopting pegfilgrastim, a pegylated
and long-acting form of human recombinant G-CSF. Indeed, the pharmacological profile of
pegfilgrastim allows the same powerful effect on myeloid progenitors with the advantage
of a single and fixed-dose injection given per cycle, thanks to its reduced renal clearance
and extended half-life [21–23]. Simplifying the administration of pegfilgrastim as a single
fixed dose was the major goal during its clinical development, but raised questions about
its adequate exposure level in different-sized patients. Weight-based doses of pegfilgrastim
in trials have shown a higher average concentration in overweight patients than in those
with lower weight. Given that pegfilgrastim acts like protein whose molecular size ensures
that it tends to distribute in the watery extracellular volume, it would be possible that
overweight patients, with higher bodyweight but lower extracellular water, have a better
exposure to pegfilgrastim than underweight patients [20]. On the contrary, underweight
patients do not seem to be overexposed to pegfilgrastim when a single dose schedule is
adopted and no major clinically relevant side effects are reported when compared to higher
weight patients. Thus, as the standard clinical practice defines, the pegfilgrastim dose per
cycle is 6 mg and it is only administered by subcutaneous injection [23]. These pharmaco-
logical features bring about notable advantages in terms manageability for clinicians and
willingness to receive by patients.

3. What the Literature Reports on Pegfilgrastim in HL

Very few data exist in the literature about the specific setting of pegfilgrastim use
as prophylaxis in HL treatment. Nevertheless, before evaluating the literature in an HL
setting, there is some information that could be borrowed indirectly from some studies
on the NHL setting or studies involving both HL and NHL patients. To date, only a
few phase II or prospective studies define pegfilgrastim primary prophylaxis as at least
comparable, if not superior, in terms of efficacy in preventing infectious events and avoid-
ance of chemotherapy treatment discontinuation in non-Hodgkin lymphomas [24–27]. An
open-label, randomized, phase II study had as its first endpoint the duration of grade 4
neutropenia in the first cycle in 50 elderly patients. The authors compared the outcome
after 1:1:1:1 ratio randomization: pegfilgrastim 60 and 100 microg/kg on day 2, respectively,
daily doses of filgrastim (5 microg/kg/day) from day 2, no growth factor support. Patients
were treated with standard cyclophosphamide, doxorubicin, vincristine and prednisolone
(CHOP) chemotherapy. When patient groups were imbalanced for risk factors such as
marrow involvement and prior treatment, the duration of grade 4 neutropenia and the
tolerability were more comparable for one pegfilgrastim administration than for daily
filgrastim [24]. Another prospective study evaluated the incidence rate of neutropenic
fever (NF)-related chemotherapy disruptions as the primary endpoint, comparing patients
undergoing primary prophylaxis with pegfilgrastim to patients treated with filgrastim
on demand. A total of 122 patients, equally divided into two cohorts by the type of
G-CSF support, treated with bendamustine–rituximab for indolent NHL were analyzed.
Pegfilgrastim was significantly associated with lower rates of NF-related chemotherapy
disruptions (11.4% vs. 1.6%, in filgrastim and pegfilgrastim groups, respectively, p = 0.04)
and reduced days of hospitalization due to NF episodes (18 vs. 6 median number of days,
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respectively, p = 0.04) [25]. A single-center, real-world retrospective study evaluated the
role of G-CSF prophylaxis in 85 patients diagnosed with NHL and chronic lymphocytic
leukemia, treated with bendamustine–rituximab. Stratifying patients into two groups, the
G-CSF administered included both filgrastim or pegfilgrastim. In the first group (n = 47),
G-CSF was administered for primary prophylaxis, while in the second (n = 38) G-CSF was
adopted as secondary prophylaxis. The primary endpoint was the incidence of febrile
neutropenia and grade 3 or 4 neutropenia, the secondary endpoint was incidence of fever,
infection, hospitalization, dose delay or reductions and absolute neutrophil count. The two
groups did not differ in primary and secondary endpoints, aside from a higher frequency
of dose delays in secondary vs. primary prophylaxis patients (40% vs. 13%, respectively;
p = 0.01) [26]. A retrospective, single-center study aimed to evaluate the efficacy of pri-
mary prophylaxis with filgrastim or pegfilgrastim to prevent NF in patient with aggressive
B-cell lymphoma treated with an etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin, rituximab (DA-R-EPOCH) schedule. In particular, the primary endpoint
was to compare the median and average last dose level reached with DA-R-EPOCH in
filgrastim and pegfilgrastim groups (N = 30 and 35, respectively). The secondary clinical
outcome parameters evaluated were, among others, incidence of infections, NF, bone pain
and hospitalization days. The pegfilgrastim group was, in terms of dose-intensity level of
treatment (median and average last dose levels reached in patients who received at least
four cycles) and in secondary outcomes, similar to the filgrastim group [27]. Fewer trials
have compared the pegfilgrastim primary prophylaxis strategy to filgrastim prophylaxis,
comprehending both NHL and HL patients. An open-label, randomized, phase II study
had as the primary endpoint evaluation of the duration of grade 4 neutropenia after one
cycle of toposide, methylprednisolone, cisplatin and cytarabine with the two different
G-CSF strategies. The patient population was composed of relapsed or refractory Hodgkin
or non-Hodgkin lymphoma cases receiving salvage treatment. The first group received
single administration pegfilgrastim 100 µg/kg per chemotherapy cycle (n = 33), the sec-
ond received daily subcutaneous injections of filgrastim 5 µg/kg (n = 33) until adequate
ANC level. The mean duration of grade 4 neutropenia was comparable in both groups
(2.8 and 2.4 days, respectively) and the incidence of grade 4 neutropenia was 69% and 68%,
in pegfilgrastim and filgrastim groups, respectively [28]. Similarly, but more recently, a
multicenter, randomized, double-blind phase III trial involved both NHL and HL patients
to compare the efficacy and safety of pegfilgrastim with filgrastim. The first aim was to
evaluate the duration of severe neutropenia after the first course of chemotherapy. The
treatment schedule consisted in cyclophosphamide, cytarabine, etoposide and dexametha-
sone ± rituximab (CHASE(R)), administered in 3 consecutive days. The total 109 patients
were randomized 1:1 to receive to either pegfilgrastim (n = 54) on day 4 of cycle 1 plus fil-
grastim placebo or daily filgrastim (n = 55) plus pegfilgrastim placebo. The mean duration
of severe neutropenia was 4.5 and 4.7 days, respectively, in pegfilgrastim and filgrastim
groups, highlighting no significant differences between the two prophylaxis strategies [29].
No phase III randomized clinical trials have specifically addressed the role of primary
prophylaxis with pegfilgrastim in HL in both first line or relapsing disease settings or are
going to be actively recruiting to date. Therefore, only fragmentary information on this
topic can be summarized by other studies. A doxorubicin, bleomycin, vinblastine and
dacarbazine (ABVD) regimen is adopted worldwide as the first line treatment approach
in limited stage HL [30,31]. This chemotherapy regimen is administered every 14 days,
with a dose-intensity profile that unavoidably may be affected by prolonged neutropenia
or NF episodes. A prospective study on the safety and efficacy of pegfilgrastim as primary
prophylaxis in ABVD delivery was performed on twenty-three patients diagnosed with
classical HL at any disease stage [32]. Pegfilgrastim was given at a fixed dose of 6 mg once
per cycle after 24 h of each ABVD dose delivery. Outcome measures evaluated were neu-
tropenia, dose-delay, NF and dose-reduction incidence. Of all 230 ABVD doses delivered,
only one was delayed because of neutropenia, no NF episodes were reported, ANC was
reported above 500 in 99% of treatment cycles and no relevant side effects were reported.
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These results are consistent with a highly efficacious and safe profile as pegfilgrastim is
administered as support for ABVD regimens. Additional data on pegfigrastim support
along with ABVD administration could be extrapolated from a phase I trial addressed to
find the MTD of doxorubicin in ABVD regimens [33]. Twenty-four subjects with advanced
disease of classical HL (only one with nodular lymphocyte predominant HL) were admin-
istered with ABVD with three different doxorubicin dose levels in a dose-escalated fashion
(35, 45 and 55 mg/m2, respectively), aiming to evaluate DLT and non-DLT to evaluate
MTD. A primary prophylaxis with pegfilgrastim was administered after 25 h with each
ABVD dose. Narrowing the field to ANC drop-related events, 11 episodes of infection were
reported, but only one (grade 3 neutropenic infection) was of DLT significance, resulting in
a 1-week delay of cycle delivery. This trial evidenced the possibility of delivering a higher
dose of doxorubicin in ABVD regimens with pegfilgrastim support, giving a relatively
safe profile of dose level of 35 and 45 mg/m2 compared to standard ABVD (neutropenia
grade 3–4: 0, 42 and 34%, respectively) [34]. This trial demonstrated that pegfilgrastim
primary prophylaxis is potentially also effective in protecting from neutropenic events in
case of a higher dose-intensity ABVD regimen (higher doxorubicin doses, in this case).
A more specific trial evaluated the role of pegfilgrastim in supporting full dose delivery
of BEACOPP regimens, every 14 days as scheduled [35]. The superiority of BEACOPP
regimens compared to ABVD in advanced stage HL was demonstrated as well as the
feasibility and efficacy of a higher dose and dose density of BEACOPP administered every
14 days [36,37]. Forty-one high-risk HL patients were enrolled to receive BEACOPP-14
for up to eight cycles, as the primary objective was the proportion of patients receiving
the chemotherapy at a full dose and on schedule (FDOS). Furthermore, patients were
randomly (1:1) allocated to receive prophylactic pegfilgrastim at day 4 or 8 of each cycle.
Overall, considering all planned cycles, 90% of these were delivered and 81% at FDOS, with
neutropenia and thrombocytopenia as driven toxicity leading patients to not receive FDOS.
Grade 3–4 neutropenia were at 67%, 85% and 76% for pegfilgrastim on day 4, day 8 and in
total, respectively. A total of 11 episodes of NF (for eight patients) were reported, without
affecting treatment delivery planning. These interesting results confirm the feasibility
of delivering an intensive regimen such as BEACOPP-14 with the support of pegfilgras-
tim primary prophylaxis on days 4 or 8, but with an advantage in terms of neutropenia
incidence for day 4 administration. Table 1 provides a summary of these reported data
on pegfilgrastim.

Table 1. Summary of reported data on pegfilgrastim.

References and
Study Design

Patients Number and
Disease Setting Treatment Pegfilgrastim Timing Comments

Younes A. et al. [32]
- 23
- Early and

advanced stage
ABVD+/−RT 24 h after each

ABVD infusion

- No NF episodes reported
- Overall, 1 dose-delay

reported due
to neutropenia

Gibb A. et al. [33] - 24
- Advanced stage

ABVD with
doxorubicin
dose escalation

24 h after each
ABVD infusion

- Favorable efficacy and
safety profile in
delivering higher
doxorubicin doses

Engert A. et al. [35] - 41
- Advanced stage

BEACOPP-14 Days 4 or 8 after
each cycle

- Effective in delivery of
treatment at full dose
and on schedule

4. Conclusions

There are no observational or prospective trials, to date, comparing filgrastim to
pegfilgrastim as a prophylaxis strategy in HL. Indeed, as our previous experiences of
treating other hematological neoplasms have shown, patients can benefit from a pegfil-
grastim primary prophylaxis strategy to prevent neutropenia, NF episodes and treatment
delay [38–40]. These experiences, in addition to the still scant data reported above, raise
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the question if primary prophylaxis with pegfilgrastim should be added as a standard
option for supportive care of HL too. The advantage of delivering the full dose of treatment,
without cycle delay, and the protection against potentially serious infective events, even if
not common in the targeted population undergoing treatment for HL, is essential in a highly
curable disease. With the limit of no clinical trial available, the choice of pegfilgrastim
prophylaxis should be mainly based on the type of treatment delivered. EORTC guidelines
cite the most adopted chemotherapy regimen in HL, both as first and second lines [3]. As
ABVD bears a very low risk of neutropenia and, especially, infectious consequences, it
should be considered whether filgrastim can be used as an on demand strategy or pegfil-
grastim as a primary prophylaxis strategy. On the other side, a more aggressive schedule of
treatment, such as BEACOPP, with a higher risk of neutropenia and infections, should be
recommended with pegfilgrastim as supportive care. Finally, the intrinsic risk factors of the
patients themselves (such as disease burden, age, comorbidity, etc.) can drive the choice,
as the MASCC score suggests [4]. In our opinion, clinicians should consider pegfilgrastim
as primary prophylaxis, instead of a filgrastim on demand strategy, in HL settings when
aggressive treatments (e.g., BEACOPP) are planned. This approach, aiming to avoid NF
episodes as much as possible, has the scope to deliver the full dose intensity of the treatment,
that is crucial when a potentially curative approach is planned. On the other side, lower
risk settings (e.g., ABVD) could be safely managed with both pegfilgrastim and filgrastim
support, as clinicians’ choice. Otherwise, it is questionable if a regimen with low rates of
severe or long-lasting neutropenia, as ABVD is, can benefit from anti-microbial prophylaxis
in place of G-CSF support if neutropenia occurs. Clinicians must be aware of local policies
on anti-microbial use and the growing issue of anti-microbial resistance. The economical
cost/benefit ratio has also to be considered, given the higher cost of pegfilgrastim compared
to filgrastim and the possible total cost of one or more NF episodes in a patient. In our
opinion, in the high-risk context (e.g., BEACOPP), pegfilgrastim may also contribute to an
overall cost reduction, avoiding NF episodes and potential subsequent treatment lines if
first line treatment is not correctly delivered. As well as other hematological malignancies,
in HL treatment there were notable advances with the entry of novel agents, which are even
able to induce or potentiate neutropenia when added to classical chemotherapeutic agents.
In the ECHELON-1 trial, brentuximab vedotin, an anti-CD30 conjugate, was compared to
ABVD when added to AVD (A + AVD), showing higher rates of neutropenia, especially
in patients aged > 60 years [41]. Interestingly, especially in the latter group of patients, a
beneficial effect was observed in those receiving G-CSF primary prophylaxis (as per local
policy), as shown by reduced rates of neutropenia and NF episodes (40% vs. 78% and
30% vs. 38%, respectively). Thus, in our opinion, is reasonable to extend the indication of a
G-CSF primary prophylaxis even in the context of the newer agents already in use or in
clinical trial settings. No practical disadvantages are seen with pegfilgrastim compared to
filgrastim, in terms of side effects or toxicity. Conflicting data on a higher incidence of bone
pain with pegfilgrastim are reported, nevertheless it has to be considered as a mild and
easily manageable side effect [42,43].

Author Contributions: C.C. wrote the draft. C.C., D.N., A.R. and G.M. contributed significantly
to the content of the manuscript, including the overall conception, drafting and revising of the
manuscript, as well as providing approval of the final version. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data can be shared up on request.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2022, 14, 4063 7 of 8

References
1. Freifeld, A.G.; Bow, E.J.; Sepkowitz, K.A.; Boeckh, M.J.; Ito, J.I.; Mullen, C.A.; Raad, I.I.; Rolston, K.V.; Young, J.A.;

Wingard, J.R.; et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010
update by the infectious diseases society of america. Clin. Infect. Dis. 2011, 52, e56–e93. [CrossRef] [PubMed]

2. Li, Y.; Klippel, Z.; Shih, X.; Reiner, M.; Wang, H.; Page, J.H. Relationship between severity and duration of chemotherapy-induced
neutropenia and risk of infection among patients with nonmyeloid malignancies. Support. Care Cancer 2016, 24, 4377–4383.
[CrossRef] [PubMed]

3. Aapro, M.S.; Bohlius, J.; Cameron, D.A.; Lago, L.D.; Donnelly, J.P.; Kearney, N.; Lyman, G.H.; Pettengell, R.; Tjan-Heijnen, V.C.;
Walewski, J.; et al. 2010 update of EORTC guidelines for the use of granulocyte-colony stimulating factor to reduce the incidence
of chemotherapy-induced febrile neutropenia in adult patients with lymphoproliferative disorders and solid tumours. Eur. J.
Cancer 2011, 47, 8–32. [CrossRef] [PubMed]

4. Klastersky, J.; Paesmans, M.; Rubenstein, E.B.; Boyer, M.; Elting, L.; Feld, R.; Gallagher, J.; Herrstedt, J.; Rapoport, B.;
Rolston, K.; et al. The Multinational Association for Supportive Care in Cancer risk index: A multinational scoring system
for identifying low-risk febrile neutropenic cancer patients. J. Clin. Oncol. 2000, 18, 3038–3051. [CrossRef]

5. Zimmer, A.J.; Freifeld, A.G. Optimal Management of Neutropenic Fever in Patients with Cancer. J. Oncol. Pract. 2019, 15, 19–24.
[CrossRef]

6. Klastersky, J.; de Naurois, J.; Rolston, K.; Rapoport, B.; Maschmeyer, G.; Aapro, M.; Herrstedt, J.; ESMO Guidelines Committee.
Management of febrile neutropaenia: ESMO Clinical Practice Guidelines. Ann. Oncol. 2016, 27, v111–v118. [CrossRef]

7. Heinz, W.J.; Buchheidt, D.; Christopeit, M.; von Lilienfeld-Toal, M.; Cornely, O.A.; Einsele, H.; Karthaus, M.; Link, H.; Mahlberg, R.;
Neumann, S.; et al. Diagnosis and empirical treatment of fever of unknown origin (FUO) in adult neutropenic patients: Guidelines
of the Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and Medical Oncology (DGHO). Ann.
Hematol. 2017, 96, 1775–1792. [CrossRef]

8. Connors, J.M.; Cozen, W.; Steidl, C.; Carbone, A.; Hoppe, R.T.; Flechtner, H.H.; Bartlett, N.L. Hodgkin lymphoma. Nat. Rev. Dis.
Primers 2020, 6, 61. [CrossRef]

9. Glaser, S.L.; Jarrett, R.F. The epidemiology of Hodgkin’s disease. Baillieres Clin. Haematol. 1996, 9, 401–416. [CrossRef]
10. Ansell, S.M. Hodgkin lymphoma: A 2020 update on diagnosis, risk-stratification, and management. Am. J. Hematol. 2020,

95, 978–989. [CrossRef]
11. Hollingshead, L.M.; Goa, K.L. Recombinant granulocyte colony-stimulating factor (rG-CSF). A review of its pharmacological

properties and prospective role in neutropenic conditions. Drugs 1991, 42, 300–330. [CrossRef] [PubMed]
12. Blayney, D.W.; McGuire, B.W.; Cruickshank, S.E.; Johnson, D.H. Increasing chemotherapy dose density and intensity: Phase I

trials in non-small cell lung cancer and non-Hodgkin’s lymphoma. Oncologist 2005, 10, 138–149. [CrossRef] [PubMed]
13. Ellis, G.K.; Livingston, R.B.; Gralow, J.R.; Green, S.J.; Thompson, T. Dose-dense anthracycline-based chemotherapy for node-

positive breast cancer. J. Clin. Oncol. 2002, 20, 3637–3643. [CrossRef]
14. Hudis, C.A.; Schmitz, N. Dose-dense chemotherapy in breast cancer and lymphoma. Semin. Oncol. 2004, 31, 19–26. [CrossRef]
15. Morstyn, G.; Campbell, L.; Lieschke, G.; Layton, J.E.; Maher, D.; O’Connor, M.; Green, M.; Sheridan, W.; Vincent, M.; Alton, K.

Treatment of chemotherapy-induced neutropenia by subcutaneously administered granulocyte colony-stimulating factor with
optimization of dose and duration of therapy. J. Clin. Oncol. 1989, 7, 1554–1562. [CrossRef] [PubMed]

16. Takatani, H.; Soda, H.; Fukuda, M.; Watanabe, M.; Kinoshita, A.; Nakamura, T.; Oka, M. Levels of recombinant human granulocyte
colony-stimulating factor in serum are inversely correlated with circulating neutrophil counts. Antimicrob. Agents Chemother.
1996, 40, 988–991. [CrossRef] [PubMed]

17. Molineux, G.; Kinstler, O.; Briddell, B.; Hartley, C.; McElroy, P.; Kerzic, P.; Sutherland, W.; Stoney, G.; Kern, B.; Fletcher, F.A.; et al.
A new form of Filgrastim with sustained duration in vivo and enhanced ability to mobilize PBPC in both mice and humans.
Exp. Hematol. 1999, 27, 1724–1734. [CrossRef]

18. Fukuda, M.; Oka, M.; Ishida, Y.; Kinoshita, H.; Terashi, K.; Fukuda, M.; Kawabata, S.; Kinoshita, A.; Soda, H.; Kohno, S. Effects
of renal function on pharmacokinetics of recombinant human granulocyte colony-stimulating factor in lung cancer patients.
Antimicrob. Agents Chemother. 2001, 45, 1947–1951. [CrossRef]

19. Turecek, P.L.; Bossard, M.J.; Schoetens, F.; Ivens, I.A. PEGylation of Biopharmaceuticals: A Review of Chemistry and Nonclinical
Safety Information of Approved Drugs. J. Pharm. Sci. 2016, 105, 460–475. [CrossRef]

20. Yang, B.B.; Kido, A. Pharmacokinetics and pharmacodynamics of pegfilgrastim. Clin. Pharmacokinet. 2011, 50, 295–306. [CrossRef]
21. Malik, F.; Delgado, C.; Knüsli, C.; Irvine, A.E.; Fisher, D.; Francis, G.E. Polyethylene glycol (PEG)-modified granulocyte-

macrophage colony-stimulating factor (GM-CSF) with conserved biological activity. Exp. Hematol. 1992, 20, 1028–1035. [PubMed]
22. Allen, R.C. Ex Vivo Half-Life of Neutrophils from Healthy Human Subjects Pre and Post Treatment with Daily Filgrastim or

Single-Dose Pegfilgrastim. Blood 2002, 100, A918.
23. Molineux, G. The design and development of pegfilgrastim (PEG-rmetHuG-CSF, Neulasta). Curr. Pharm. Des. 2004, 10, 1235–1244.

[CrossRef] [PubMed]
24. Grigg, A.; Solal-Celigny, P.; Hoskin, P.; Taylor, K.; McMillan, A.; Forstpointner, R.; Bacon, P.; Renwick, J.; Hiddemann, W.;

International Study Group. Open-label, randomized study of pegfilgrastim vs. daily filgrastim as an adjunct to chemotherapy in
elderly patients with non-Hodgkin’s lymphoma. Leuk. Lymphoma 2003, 44, 1503–1508. [CrossRef] [PubMed]

http://doi.org/10.1093/cid/cir073
http://www.ncbi.nlm.nih.gov/pubmed/21258094
http://doi.org/10.1007/s00520-016-3277-0
http://www.ncbi.nlm.nih.gov/pubmed/27278272
http://doi.org/10.1016/j.ejca.2010.10.013
http://www.ncbi.nlm.nih.gov/pubmed/21095116
http://doi.org/10.1200/JCO.2000.18.16.3038
http://doi.org/10.1200/JOP.18.00269
http://doi.org/10.1093/annonc/mdw325
http://doi.org/10.1007/s00277-017-3098-3
http://doi.org/10.1038/s41572-020-0189-6
http://doi.org/10.1016/S0950-3536(96)80018-7
http://doi.org/10.1002/ajh.25856
http://doi.org/10.2165/00003495-199142020-00009
http://www.ncbi.nlm.nih.gov/pubmed/1717226
http://doi.org/10.1634/theoncologist.10-2-138
http://www.ncbi.nlm.nih.gov/pubmed/15709216
http://doi.org/10.1200/JCO.2002.12.113
http://doi.org/10.1053/j.seminoncol.2004.04.004
http://doi.org/10.1200/JCO.1989.7.10.1554
http://www.ncbi.nlm.nih.gov/pubmed/2789274
http://doi.org/10.1128/AAC.40.4.988
http://www.ncbi.nlm.nih.gov/pubmed/8849265
http://doi.org/10.1016/S0301-472X(99)00112-5
http://doi.org/10.1128/AAC.45.7.1947-1951.2001
http://doi.org/10.1016/j.xphs.2015.11.015
http://doi.org/10.2165/11586040-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/1505637
http://doi.org/10.2174/1381612043452613
http://www.ncbi.nlm.nih.gov/pubmed/15078138
http://doi.org/10.1080/1042819031000103953
http://www.ncbi.nlm.nih.gov/pubmed/14565651


Cancers 2022, 14, 4063 8 of 8

25. Cerchione, C.; De Renzo, A.; Di Perna, M.; Della Pepa, R.; Pugliese, N.; Catalano, L.; Pane, F.; Picardi, M. Pegfilgrastim in
primary prophylaxis of febrile neutropenia following frontline bendamustine plus rituximab treatment in patients with indolent
non-Hodgkin lymphoma: A single center, real-life experience. Support. Care Cancer 2017, 25, 839–845. [CrossRef]

26. Moore, L.; Bartels, T.; Persky, D.O.; Abraham, I.; Kumar, A.; McBride, A. Outcomes of primary and secondary prophylaxis
of chemotherapy-induced and febrile neutropenia in bendamustine plus rituximab regimens in patients with lymphoma and
chronic lymphocytic leukemia: Real-world, single-center experience. Support. Care Cancer 2021, 29, 4867–4874. [CrossRef]

27. Roder, L.; Konrardy, K.; Grauer, D.; Hoffmann, M. Effects of filgrastim versus pegfilgrastim on outcomes of DA-R-EPOCH for
non-Hodgkin’s lymphoma. Support. Care Cancer 2021, 29, 5075–5082. [CrossRef]

28. Vose, J.M.; Crump, M.; Lazarus, H.; Emmanouilides, C.; Schenkein, D.; Moore, J.; Frankel, S.; Flinn, I.; Lovelace, W.;
Hackett, J.; et al. Randomized, multicenter, open-label study of pegfilgrastim compared with daily filgrastim after chemotherapy
for lymphoma. J. Clin. Oncol. 2003, 21, 514–519. [CrossRef]

29. Kubo, K.; Miyazaki, Y.; Murayama, T.; Shimazaki, R.; Usui, N.; Urabe, A.; Hotta, T.; Tamura, K. A randomized, double-blind trial
of pegfilgrastim versus filgrastim for the management of neutropenia during CHASE(R) chemotherapy for malignant lymphoma.
Br. J. Haematol. 2016, 174, 563–570. [CrossRef]

30. Villa, D.; Sehn, L.H.; Aquino-Parsons, C.; Tonseth, P.; Scott, D.W.; Gerrie, A.S.; Wilson, D.; Bénard, F.; Gascoyne, R.D.;
Slack, G.W.; et al. Interim PET-directed therapy in limited-stage Hodgkin lymphoma initially treated with ABVD. Haematologica
2018, 103, e590–e593. [CrossRef]

31. Straus, D.J.; Jung, S.H.; Pitcher, B.; Kostakoglu, L.; Grecula, J.C.; Hsi, E.D.; Schöder, H.; Popplewell, L.L.; Chang, J.E.;
Moskowitz, C.H.; et al. CALGB 50604: Risk-adapted treatment of nonbulky early-stage Hodgkin lymphoma based on interim
PET. Blood 2018, 132, 1013–1021. [CrossRef] [PubMed]

32. Younes, A.; Fayad, L.; Romaguera, J.; Pro, B.; Goy, A.; Wang, M. Safety and efficacy of once-per-cycle pegfilgrastim in support of
ABVD chemotherapy in patients with Hodgkin lymphoma. Eur. J. Cancer 2006, 42, 2976–2981. [CrossRef] [PubMed]

33. Gibb, A.; Greystoke, A.; Ranson, M.; Linton, K.; Neeson, S.; Hampson, G.; Illidge, T.; Smith, E.; Dive, C.; Pettitt, A.; et al. A study
to investigate dose escalation of doxorubicin in ABVD chemotherapy for Hodgkin lymphoma incorporating biomarkers of
response and toxicity. Br. J. Cancer 2013, 109, 2560–2565. [CrossRef] [PubMed]

34. Federico, M.; Luminari, S.; Iannitto, E.; Polimeno, G.; Marcheselli, L.; Montanini, A.; La Sala, A.; Merli, F.; Stelitano, C.;
Pozzi, S.; et al. ABVD compared with BEACOPP compared with CEC for the initial treatment of patients with advanced
Hodgkin’s lymphoma: Results from the HD2000 Gruppo Italiano per lo Studio dei Linfomi Trial. J. Clin. Oncol. 2009, 27, 805–811.
[CrossRef] [PubMed]

35. Engert, A.; Bredenfeld, H.; Döhner, H.; Ho, A.D.; Schmitz, N.; Berger, D.; Bacon, P.; Skacel, T.; Easton, V.; Diehl, V. Pegfilgrastim
support for full delivery of BEACOPP-14 chemotherapy for patients with high-risk Hodgkin’s lymphoma: Results of a phase II
study. Haematologica 2006, 91, 546–549.

36. Diehl, V.; Franklin, J.; Pfreundschuh, M.; Lathan, B.; Paulus, U.; Hasenclever, D.; Tesch, H.; Herrmann, R.; Dörken, B.;
Müller-Hermelink, H.K.; et al. Standard and increased-dose BEACOPP chemotherapy compared with COPP-ABVD for ad-
vanced Hodgkin’s disease. N. Engl. J. Med. 2003, 348, 2386–2395, Erratum in N. Engl. J. Med. 2005, 353, 744. [CrossRef]

37. Sieber, M.; Bredenfeld, H.; Josting, A.; Reineke, T.; Rueffer, U.; Koch, T.; Naumann, R.; Boissevain, F.; Koch, P.; Worst, P.; et al.
14-day variant of the bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone regimen
in advanced-stage Hodgkin’s lymphoma: Results of a pilot study of the German Hodgkin’s Lymphoma Study Group. J. Clin.
Oncol. 2003, 21, 1734–1739. [CrossRef]

38. Cerchione, C.; Catalano, L.; Pareto, A.E.; Picardi, M.; Pane, F. Pegfilgrastim in primary prophylaxis of febrile neutropenia during
chemotherapy of relapsed and refractory multiple myeloma: A real-life experience. Support. Care Cancer 2015, 23, 301–302.
[CrossRef]

39. Cerchione, C.; Catalano, L.; Peluso, I.; Nappi, D.; Di Perna, M.; Salvatore, D.; Migliaccio, I.; Picardi, M.; Pane, F. Managing neu-
tropenia by pegfilgrastim in patients affected by relapsed/refractory multiple myeloma treated with bendamustine-bortezomib-
dexamethasone. Support. Care Cancer 2016, 24, 4835–4837. [CrossRef]

40. Cerchione, C.; De Renzo, A.; Nappi, D.; Di Perna, M.; Della Pepa, R.; Pugliese, N.; Catalano, L.; Pane, F.; Picardi, M. Pegfilgrastim
in primary prophylaxis of febrile neutropenia in elderly patients with hematological malignancies-bendamustine and G-CSF
support. Support. Care Cancer 2019, 27, 1587–1588. [CrossRef]

41. Evens, A.M.; Connors, J.M.; Younes, A.; Ansell, S.M.; Kim, W.S.; Radford, J.; Feldman, T.; Tuscano, J.; Savage, K.J.; Oki, Y.; et al.
Older patients (aged ≥60 years) with previously untreated advanced-stage classical Hodgkin lymphoma: A detailed analysis
from the phase III ECHELON-1 study. Haematologica 2022, 107, 1086–1094. [CrossRef] [PubMed]

42. Kubista, E.; Glaspy, J.; Holmes, F.A.; Green, M.D.; Hackett, J.; Neumann, T.; Pegfilgrastim Study Group. Bone pain associated
with once-per-cycle pegfilgrastim is similar to daily filgrastim in patients with breast cancer. Clin. Breast Cancer 2003, 3, 391–398.
[CrossRef] [PubMed]

43. Kirshner, J.J.; Heckler, C.E.; Janelsins, M.C.; Dakhil, S.R.; Hopkins, J.O.; Coles, C.; Morrow, G.R. Prevention of pegfilgrastim-
induced bone pain: A phase III double-blind placebo-controlled randomized clinical trial of the university of rochester cancer
center clinical community oncology program research base. J. Clin. Oncol. 2012, 30, 1974–1979. [CrossRef] [PubMed]

http://doi.org/10.1007/s00520-016-3468-8
http://doi.org/10.1007/s00520-020-05982-0
http://doi.org/10.1007/s00520-021-06045-8
http://doi.org/10.1200/JCO.2003.03.040
http://doi.org/10.1111/bjh.14088
http://doi.org/10.3324/haematol.2018.196782
http://doi.org/10.1182/blood-2018-01-827246
http://www.ncbi.nlm.nih.gov/pubmed/30049811
http://doi.org/10.1016/j.ejca.2006.07.012
http://www.ncbi.nlm.nih.gov/pubmed/17008093
http://doi.org/10.1038/bjc.2013.605
http://www.ncbi.nlm.nih.gov/pubmed/24136151
http://doi.org/10.1200/JCO.2008.17.0910
http://www.ncbi.nlm.nih.gov/pubmed/19124807
http://doi.org/10.1056/NEJMoa022473
http://doi.org/10.1200/JCO.2003.06.028
http://doi.org/10.1007/s00520-014-2490-y
http://doi.org/10.1007/s00520-016-3430-9
http://doi.org/10.1007/s00520-019-4651-5
http://doi.org/10.3324/haematol.2021.278438
http://www.ncbi.nlm.nih.gov/pubmed/34162178
http://doi.org/10.3816/CBC.2003.n.003
http://www.ncbi.nlm.nih.gov/pubmed/12636878
http://doi.org/10.1200/JCO.2011.37.8364
http://www.ncbi.nlm.nih.gov/pubmed/22508813

	Introduction 
	Filgrastim and Pegfilgrastim Pharmacology 
	What the Literature Reports on Pegfilgrastim in HL 
	Conclusions 
	References

