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Abstract

Background and Aim: We report here our experience of using pegylated granulocyte

colony stimulating factor (peg-GCSF) for peripheral blood stem cell (PBSC) mobiliza-

tion in children.

Methods and results: A total of nine children suffering from high-risk/relapsed solid

tumors were mobilized with chemotherapy and peg-GCSF (100 microgram/kg single

dose). Mean age was 7.7 years (range 2–15 years).The mean time from peg-GCSF

administration to PBSC harvest was 9.7 days. Adequate stem cells (median dose 26.9

million/kg) could be harvested in all children by a single apheresis procedure. No

major adverse events observed.

Conclusion: It is feasible and safe to mobilize PBSC with peg-GCSF in children with

cancer.
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1 | INTRODUCTION

High dose chemotherapy followed by autologous hematopoietic stem

cell transplant (HSCT) is a part of treatment regimens for many newly

diagnosed and relapsed malignancies in children.1,2 These autologous

HSCT are most commonly performed using peripheral blood stem

cells (PBSCs).2-5 Various methods are known to be effective for PBSC

mobilization including chemotherapy combined with granulocyte-

colony stimulating factor (GCSF) for these patients.2,3,5,6 The conven-

tional recombinant human GCSF has a short half-life (�3.5 h) and

hence needs repeated administration, which is quite painful for the

child and also requires multiple hospital visits. The pegylated GCSF

(Peg-GCSF) is a longer acting version of GCSF and has a half-life rang-

ing from 15 to 80 h after a subcutaneous injection.7-9

Peg-GCSF is a covalent conjugate between the N-terminal

methionyl residual of GCSF and mono-methoxy polyethylene glycol

(Peg) moiety. Addition of Peg moiety to GCSF increases its molecular

weight and size, which results in decreased renal clearance by glomer-

ular filtration. With this, the primary mode of elimination of Peg-GCSF

remains to be neutrophil mediated clearance.7,8 Published studies

have shown that a sustained low level of GCSF is better than short

pulse-like level to mobilize PBSC. Hence, Peg-GCSF, might be supe-

rior to conventional GCSF in PBSC harvest in this aspect.9

Most of the experience with Peg-GCSF comes from its use for pro-

phylaxis and treatment of chemotherapy associated neutropenia in chil-

dren and adults as well as for PBSC mobilization in adults.9-14 There is

paucity of literature of successful use of Peg-GCSF and its appropriate

dosing for PBSC mobilization in children.1,6,13,15-17 We have attempted to

summarize in Table 1 a review of published literature on use of Peg GCSF

for stem cell mobilization in an all-pediatric cohort. We report our experi-

ence of PBSC mobilization with Peg-GCSF in nine children. It is still not a

regular practice to use peg-GCSF to mobilize stem cells in children. We

through our report and review of literature, highlight that it is safe, effec-

tive, and pain-free and could be practice changing.
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2 | METHODS

Nine children received Peg-GCSF for PBSC mobilization between

May 2016 and September 2020 in our unit. All these nine children

were included in our analysis (none excluded). We carried out retro-

spective analysis of hospital records of these children. All nine chil-

dren received single subcutaneous dose of Peg-GCSF 100 μg/kg 24–

48 h after completion of mobilization chemotherapy and proceeded

to PBSC harvest once CD34 count was >10/μl in the peripheral blood.

Stem cell collection was considered successful if we were able to col-

lect more than or equal to 2 million/kg CD34+ stem cells. All PBSC

collections were performed on COMTEC (Fresenius Kabi, Germany)

apheresis machine. The product sample was taken at the end of PBSC

collection from the apheresis collection bag for enumerating CD34

count in the final product. The stem cells were cryopreserved for

autologous transplant. Patients were monitored for possible adverse

effects of Peg-GCSF namely bone pain, headache, injection site ery-

thema, injection site pain, skin rash, transient hypotension, splenic

enlargement, capillary leak syndrome characterized by puffiness, diffi-

culty in breathing, and decreased urine output.1,6,13,15

3 | RESULTS

Out of 14 patients in our unit who underwent PBSC mobilization

and autologous stem cell harvest, nine received chemotherapy

followed by Peg-GCSF (64%). Male: Female ratio was 3.5:1 and the

mean age was 7.7 years (range 2–15 years). There were three

cases of stage 4 Neuroblastoma and one each of metastatic

Ewing's sarcoma, metastatic Germ cell tumor of ovary, recurrent

anaplastic ependymoma, relapsed Wilms' tumor, relapsed osteo-

sarcoma, and relapsed medulloblastoma. The data on demographic

profile, diagnosis, chemotherapy received for mobilization, harvest

details is shown in Table 2. For mobilization, 5/9 patients received

chemotherapy, which was a part of the treatment protocol and

appropriate for the underlying diagnosis, whereas 4/9 patients

(relapsed osteosarcoma-1 and neuroblastoma-3) received

cyclophosphamide-based chemotherapy for mobilization to avoid

platinum compounds proximal to harvest.

The mean time from Peg-GCSF administration to PBSC harvest

was 9.7 days (range 8–12 days) and from start of mobilization chemo-

therapy to PBSC harvest was 12.2 days (range 10–15 days). Two

patients required one dose of GCSF boost the day before harvest. All

nine patients were harvested with single apheresis procedure. The

median CD34 count at the start of harvest was 203/μl (range 30–

490/μl) and median CD34 count of the final collected product was

4002/μl (range 412–11 090/μl). The median CD34 hematopoietic

stem cell count collected was 26.9 million/kg (range 4.1–60 million/

kg) recipient body-weight. The mean product volume collected was

152 ml (range 70–250 ml). Four patients reported to have mild

bodyache. None of the patients had any major adverse events. The

median duration of follow-up for these patient's postharvest was

6 months (range 4–38 months).

With regard to the outcome data, one patient could not reach

autologous HSCT due to progression of disease. Remaining children

engrafted after autologous hematopoietic stem cell infusion and all

had a brisk engraftment. Neutrophil engraftment occurred at a median

of 9.5 days (range 8–12 days) post autologous HSCT; platelet engraft-

ment occurred at a median of 11.5 days (range 10–23 days) post

autologous HSCT. Transplant-related mortality was nil. Two children

relapsed after autologous HSCT.

Of the remaining five patients who were mobilized with conventional

GCSF, two patients (supratentorial PNET �1, relapsed medulloblastoma

�1) were mobilized with GCSF and Plerixafor in hematological steady

state and both required two apheresis cycles. The CD34 stem cell col-

lected was 3.2 million/kg and 6.16million/kg body-weight, respectively.

Three patients (relapsed neuroblastoma-1, relapsed/refractory Hodgkin's

Lymphoma-1 and relapsed sacrococcygeal teratoma-1) underwent PBSC

mobilization with chemotherapy followed by conventional GCSF. The

median number of GCSF doses received was 10 (range 10–14 doses),

and the mean CD34 stem cell collected was 3.1 million/kg body weight

(range 3–3.2 million/kg). One of these three patients required two aphe-

resis cycles for harvest.

4 | DISCUSSION

The Peg-GCSF has a longer half-life requiring a one-time administra-

tion as compared to conventional recombinant human GCSF, which

has a short half-life and hence requires daily administration. This

makes it more tolerable and acceptable for children.7-9 Peg-GCSF also

provides a sustained drug level as compared to pulse like levels with

GCSF, which is more effective for PBSC mobilization.9

There is abundant published data on the effective use of Peg-

GCSF for prophylaxis and treatment of chemotherapy-associated neu-

tropenia in children and adults and also about successful use of

Peg-GCSF for PBSC mobilization in adults. However, the experience

on successful use of Peg-GCSF for PBSC mobilization in children and

its appropriate dosing for the same is lacking in pediatric population.

From the meager published data, we can draw conclusion that it is

noninferior to conventional GCSF with regard to efficacy and

safety.1,6,15,16 We have described here our experience of PBSC mobi-

lization with Peg-GCSF in nine children. Our patients received chemo-

therapy followed by Peg-GCSF and we found in our cohort a fairly

uniform and predictable time to CD34 peak from start of chemother-

apy and from the administration of Peg-GCSF. Also, we were able to

harvest the desired CD34 stem cell dose in single harvest procedure

for all our patients including the ones with relapsed malignancies who

were heavily pretreated and hence deemed poor mobilizers. None of

our patients had any major adverse event. All our patients who

received autologous HSCT had a brisk and robust engraftment.

Fritsch et al. have reported a similar successful and safe harvest

experience among their patient cohort, which comprised of first time

diagnosed solid tumor patients as well as relapsed cases. Also, no

other adverse events except leukocytosis had been observed in all

their patients.1 The side effect of leukocytosis was lower in those
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who received Peg-GCSF because Peg-GCSF has a predominant neu-

trophil mediated elimination and hence its clearance is self-regulat-

ing.1,7 Dallorso et al. found a success rate of �77% for PBSC

mobilization with single dose of 100 mcg/kg of Peg-GCSF. They also

found that CD34 cell levels more than 20/μl were first observed in

the peripheral blood at a median of 6 days after Peg-GCSF administra-

tion and they remained sustained above 20/μl for a median of 6 days.

This points to another appealing aspect of Peg-GCSF that it provides

a wider temporal window for planning harvest in case the peak is

apparently likely to coincide with a holiday.15 Merlin et al. reported a

success of 60% with peg-GCSF. Target dose of 5 million/kg stem cells

could be collected with a single apheresis procedure in only 16 out of

26 children despite using higher dose of peg-GCSF 300 μg/kg.16 In

our cohort, PBSC could be harvested successfully in 100% of patients

with a single apheresis procedure. We used lower dose of peg-GCSF

100 microgram/kg in all our patients. Lowest dose of stem cell col-

lected in our cohort was 4 million/kg. We herein attempt to give an

idea on the cost of Peg-GCSF and conventional GCSF. Several differ-

ent brands of Peg-GCSF and conventional GCSF are available in India.

Cost of Peg-GCSF (6 mg) in India ranges from INR 3000 to 14 000

(US $41–192) and cost of GCSF (300 mcg) ranges from INR 1300 to

2800 (US $18–38) and patients mobilized with conventional GCSF

usually require 7–10 doses for mobilization. This would suggest that

the use of Peg-GCSF for mobilization appears to be cost-effective, its

cost being at par with the total cost of GCSF if not less. However, we

refrain from commenting on the cost-effectiveness of one over the

other due to small sample size.

Peg-GCSF can circumvent the concerns of daily painful GCSF

injections thereby improving the compliance and making the entire

experience of autologous hematopoietic stem cell harvest more toler-

able for children. We acknowledge the limitations of our study, it

being a small and retrospective series. However, our experience high-

lights that it is feasible and safe to mobilize PBSC with peg-GCSF in

children with cancer and a prospective study with larger sample size

should be done to validate our results. Findings of our study and

review of literature could be practice changing as most pediatric

transplant physicians still use conventional daily GCSF to mobilize

stem cells, which is more painful for children and causes more distress

and discomfort.
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