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ABSTRACT

The objective of this study was to assess the impact of the primary prophylaxis of granulocyte
colony-stimulating factor (G-CSF) in the management of childhood B-cell non-Hodgkin lymphoma
(B-NHL). Patients with advanced-stage mature B-NHL were randomized to receive prophylactic G-
CSF (G-CSF+) or not receive G-CSF (G-CSF—) based on protocols of the B-NHLO3 study. The G-CSF
group received 5 pg/kg/d Lenograstim from day 2 after each course of six chemotherapy courses.
Fifty-eight patients were assessable, 29 G-CSF + and 29 G-CSF—. G-CSF + patients showed a positive
impact on the meantime to neutrophil recovery and hospital stay. On the other hand, they had no
impact in the incidences of febrile neutropenia, serious infections, stomatitis and total cost. Our
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study showed that administration of prophylactic G-CSF through all six chemotherapy courses for
childhood B-NHL showed no clinical and economic benefits for the management of childhood B-

NHL treatment.

Introduction

The treatment outcome of childhood B-cell non-Hodgkin
lymphoma (B-NHL) has been markedly improved over
the past 30 years, and long-term survival rates have
reached to approximately 90%. This is largely due to the
development of a short intensive chemotherapy includ-
ing a high-dose methotrexate (HDMTX), an intermediate
dose of cyclophosphamide (CPA) and anthracyclines
[1-4]. However, infectious complications during pro-
longed neutropenia remain a major cause of morbidity
and the delay of treatment delivery. Recombinant
granulocyte colony stimulating factor (G-CSF) has been
used to ameriolate drug-induced myelosuppression and
many studies in adults and children with cancer have
shown the biologic effects of G-CSF [5-8]. Several

practice guidelines have examined the role of G-CSF in
a cost-effective manner, because these products are
expensive [9-12]. In general they recommend that G-CSF
can be used in combination with chemotherapy as
primary prophylaxis if an overall risk of febrile neutro-
penia (FN) is>20%. In treatment guidelines for adult
lymphoma, prophylactic use of G-CSF in the R-CHOP
(rituximab combined with cyclophosphamide, doxorubi-
cin, vincristine and prednisolone) regimen is recom-
mended to reduce FN and related morbidity [13],
although recent updated review of published literature
on adult patients with lymphoma cast doubt on the
effectiveness of the use of primary prophylaxis with
G-CSF for overall survival (OS), infection-related mortality
and treatment-related cost [14]. While, there is no
consensus for the use of prophylactic use of G-CSF for
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childhood lymphomas, because there have been very
few G-CSF studies on childhood B-NHL. Patte et al.
prospectively studied the benefits of primary prophy-
laxis with G-CSF during the two consecutive induction
courses in the treatment of childhood B-NHL, and they
failed to show a significant reduction in the incidences of
FN or the costs of chemotherapy [15,16]. However, the
benefits of G-CSF may be different depending on the
treatment courses. Welte and Riehm have indeed
highlighted the real benefit of G-CSF in the later
chemotherapy cycles as compared with the early
cycles in childhood acute lymphoblastic leukemia (ALL)
treatment [17].

Consequently, our study was performed to clarify
whether prophylactic G-CSF use through the all chemo-
therapy courses is beneficial in the treatment of child-
hood B-NHL treatment in terms of the incidence of FN
and total medical expense.

Materials and methods
Patients

The Japanese Pediatric Leukemia/lymphoma Study
Group (JPLSG) B-NHLO3 G-CSF study protocol, which
was registered with University Hospital Medical
Information Network Japan (UMIN ID: 000000675), was
conducted in 29 institutes of the JPLSG member
hospitals after approval by each institution’s review
board between November 2004 and January 2011, and
written informed consent was provided by patients or
legal guardians before the treatment. All patients under
18 years of age with advanced diseases were treated in
group 3 (stage lll & CNS-negative stage V) or group 4
(CNS-positive stage IV & B-ALL) in the B-NHLO03 protocol
[4].

Treatment protocol

The treatment schedules for groups 3 and 4 are shown
in Table I. All patients received a pre-phase and six
courses (3A->3A->3B, x 2; 4A1->4A2->4B, x 2) of
chemotherapy. Regimen A consisted of HDMTX, dexa-
methasone, vincristine, intermediate-dose CPA and
pirarubicin (THP-adriamycin, THP). Regimen B consisted
of etoposide, cytarabine, intermediate-dose MTX (3B),
dexamethasone (4B) and vincristine (4B).

Granulocyte colony-stimulating factor

Patients assigned to the G-CSF group received 5 pg/kg/d
Lenograstim (glycosylated recombinant human G-CSF;
Chugai Pharmaceuticals, Japan) subcutaneously from
day 2 after completion of each course of chemotherapy

until an absolute neutrophil count (ANC) > 500/ul was
sustained over 48 h or ANC reached to 1000/pl, after six
courses of intensive short-pulse chemotherapy on the B-
NHLO3 protocols [Fig. 11. The GCSF costs were paid by
medical health insurance in Japan.

Endpoints

The primary endpoint was the incidence of febrile
neutropenia. Fever was defined as an axillary
temperature >38°C once or more than 37.5°C on
three occasions within 24 h as shown previously [18].
Secondary objectives were the duration of neutropenia,
fever and hospitalization; the incidence of grades 3 and
4 (NCI-CTC version 2.0.) infection, stomatitis, thrombo-
cytopenia, interstitial pneumonia, respiratory distress
syndrome, muscle pain and bone pain; the number of
RBC and platelet transfusions; the complete remission
(CR) rates and event-free survival (EFS) rates at 1 and 2
years; total sum of the medical insurance required for
the protocol treatment. All data were systemically
controlled to guarantee their quality in the JPLSG data
center.

Supportive care

Sulfamethoxazole/trimethoprim (0.05-0.1 g/kg/d) was
administered 3 days per week during the treatment.
Amphoterisin B was administered for intestinal tract
sterilization according to the routine policy of participat-
ing hospitals. Amphoterisine B syrup (50-100mg) was
administered orally two times per day. Prophylactic use
of antifungal drug and absorbable antibiotics and
concomitant use of other hematopoietic growth factors
(M-CSF, GM-CSF and erythropoietin) were prohibited.

Statistical analysis

Comparison of baseline characteristics between patients
in the G-CSF group and the control group was
performed using Fisher's exact test for categorical
variables, and Student's t-test or Wilcoxon rank-sum
test for continuous variables, CR and EFS rates were
determined as the time to first events (induction failure,
relapse at any site, death from any causes or second
malignant neoplasm) from the first day of chemotherapy
and 0S was defined as the length of time from the first
day of chemotherapy to death from any cause as
previously reported [4]. The method of Kaplan-Meier
and standard errors (SEs) with the Greenwood formula
was used to estimate EFS and OS, and then the EFS and
0OS were compared by the log-rank test. Repeated
measures of AEs were analyzed using the generalized
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Table I. Treatment schedules of groups 3 and 4.

GRANULOCYTE COLONY STIMULATING FACTOR 3

Regimen Administration Daily dose Days
Pre-phase

Prednisolone Orally 30 mg and 60 mg/m? Day 1-3 & 4-7
Vincristine 1\ 1 mg/m? Day 3
Cyclophosphamide v 150 mg/m? Day 4, 5,6
Methotrexate DIT 12 mg/m? Day 1
Hydrocortisone DIT 25 mg/m? Day 1
Regimen 3A

Dexamethasone Orally 10 mg/m? Day 1-7
Methotrexate IV 24 h with LV rescue 3 g/m? Day 1
Vincristine 1Y 1.5 mg/m? Day 2
Cyclophosphamide v 250 g/m? BID Day 2,3, 4
THP-adriamycin v 30 mg/m? Day 3, 4
Methotrexate Tt 12 mg Day 1
Hydrocortisone T 25 mg Day 1
Cytarabine T 30 mg Day 1
Regimen 3B

Methotrexate Vé6h 500 mg/m? Day 1
Cytarabine av 150 mg/m? Day 1-6
Etoposide v 100 mg/m? Day 3,4, 5
Methotrexate T 12 mg ‘Day 1
Hydrocortisone TIT 25 mg Day 1
Cytarabine T 30 mg Day 1
Regimen 4A1

Same as 3A except for

Methotrexate IV 24 h with LV rescue 5 g/m? Day 1
Methotrexate T 12 mg Day 1, (5)%, 8
Hydrocortisone T 25 mg Day 1, (5)%, 8
Cytarabine Tt 30 mg Day 1, (5)% 8
Regimen 4A2
,Same as 4A1 except for

Cyclophosphamide - v 1 g/m? Day 4, 5
Regimen 4B

Same as 3B but without methotrexate, DIT at day 1 and TIT at day 8, and

Dexamethasone Orally 10 mg/m? Day 1-5
Cytarabine v 2 g/m? BID Day 2, 3, 4
Etoposide Y 150 mg/m? Day 2, 3,4, 5
Vincristine v 1.5 mg/m? Day 1

Each dose of IT drugs shows a dose for patients >3years old.

*For CNS positive patients, LV, leucovolin; IV, intravenous; clV, continuous intraveneous; DIT, double intrathecal; TIT, triple intrathecal.

Group 3 R}
ﬁﬁsA——>3A->35 —>|3a |—>|3a |[—>|38
prephase D .

3&%3—% 3A&‘> 353—>3A&—>3A3—>35.U.
Group 4 ;_
¢/74A1 —>|4A2|—>| 4B | —>|4A1 |—>|4A2 |—>| 4B
prephase

o [~s| 4a1{—> | an2; 48 > an1 ] an2 > 48 ]

N

Figure 1. Treatment schedule. Arrows show the G-CSF which was administered 5 pg/kg/d subcutaneously from day 2 until an absolute
neutrophil count (ANC) > 500/ul was sustained over 48 h or ANC reached to 1000/pl, after every six courses of chemotherapy.

estimating equations method, with logistic link and
binominal distribution, and an exchangeable correlation
structure, including the treatment group and the treat-
ment course as factors and their interaction. Confidence
intervals (Cls) were computed with a 95% confidence
level. A two-tailed p value <0.05 was considered statis-
tically significant. All analyses were done following
intention-to-treat principles, that is, all measurements
of each outcome were analyzed. All data analyses were
performed using STATA® statistical software (version

13.0; StataCorp LP, College Station, TX) or the SAS 9.3
(SAS Institute, Cary, NC).

Results
Patient characteristics

Between November 2004 and January 2011, 76 cases of
newly diagnosed B-NHL were enrolled in this study. Of
these, 18 cases were excluded: 10 due to cessation or
modification of protocol treatment, six due to refusal for
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randomization and two due to severe adverse events. A
total of 58 patients were randomized, 29 in the G-CSF (G-
CSF+) arm and 29 in the control arm without prophy-
lactic G-CSF (G-CSF-). Patient characteristics are
shown in Table Il. There was no significant difference
between the two groups in terms of age, sex, clinical
stage, therapy group, primary tumor sites- or BM
involvement.

End points

The effects of G-CSF during the six chemotherapy
courses were compared with the control group and
the results are shown in Table Ul (FN, duration of
neutropenia, blood transfusion, fever, hospitalization,
remission rate, EFS and medical expense). The inter-
action between G-CSF effects and the treatment courses
(the first three courses versus the last three courses) was
studied for the four adverse events (AEs) of FN, infection,
stomatitis and thrombocytopenia [Table IV]. We
excluded four AEs which were interstitial pneumonia,
respiratory distress syndrome, muscle pain and bone
pain, because the number of patients with the AEs were
too small (two interstitial pneumonia, no respiratory
distress syndrome, one muscle pain and one bone pain)
to analyze statistically.

Neutropenia

The incidence of FN was not significantly different
between the two groups: 82.7% in the G-CSF group and
86% in the control group. However, the mean number of
days of neutropenia for the six chemotherapy courses
was significantly shorter in the G-CSF group (39 days, 6.5
days per course) as compared with the control group (50
days, 8.3 days per course).

Fever, infection, stomatitis and
thrombocytopenia

There were no significant differences in incidences of
fever, infection, stomatitis and thrombocytopenia
between the two groups. Fungal infection was observed
in two patients in the G-CSF group, but none in the
control group.

Blood transfusions

Mean numbers of times of RBC and platelet transfu-
sions in the G-CSF group were higher than the control
group, but the difference did not reach a significant
level.

Table ll. Patient characteristics.

G-CSF Control p
(n=29) (n=29)
Age (years)
Median 10.1 8.1 0.565*
Mean £SD 94+43 8.8+3.8
Sex
Male/female 22/7 24/5 0747
Stage
i 11 11 1.000t
v 6 7
Burkitt leukemia 12 1
Therapy group
G3 13 16 0.600"
G4 16 13
Primary sites
Abdomen 9 8 0.663"
Illeocecaal 7 5
BM 5 5
Mediastinum 2. 2
Cervial 2 3
Tonsil 2 0
Others 2 6
BM involvement 5 5
% blasts in BM 76% 85% 0.6015*

*t-test.
fFisher's exact test.

QOutcomes

CR rate (78%) in the G-CSF was significantly lower than
those (96%) in the control group, but there was no
significant difference in the EFS rates between the two
groups.

Number of children who did not achieve CR or
unconfirmed CR (CRu) at the final evaluation point was
four in the G-CSF group and one in the control group.
The residual diseases of the four patients were three in
abdominal lesions and one in bone lesion. Of these,
second look surgery was performed on only one case
with abdominal lesion and residual lymphoma cells were
shown. On the other hand, other three patients who did
not receive surgery were alive without tumors after
salvage chemotherapy.

Heospitalization and cost analysis

The mean number of hospitalization days in the G-CSF
group was 117 days, significantly shorter than the 142
days of the control group. Since a day of hospitalization
costs approximately $600 in Japan, total hospital day
cost in the G-CSF group saves $15 000. The mean cost of
prophylactic G-CSF was $6915 per patients, and we
could cover G-CSF charges with the hospitalization
savings. But the mean total cost for patients (5103 256,
range: $60 619-$172 381) of the G-CSF group was
significantly higher than those of the control group ($85
858, range: $45 932-$153 932) [p=0.037, Table Illl. The
analysis of the total treatment cost was done by
comparing the cost incurred by the two groups,
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Table Hl. Comparison of clinical endpoints between the G-CSF and control groups for all treatment courses.

G-CSF Control p
Duration of neutropenia n 28 27 p*
Mean (days) 39.89 50.48 0.032
Platelet transufusion n 28 27 pt
Mean (times) 8.68 6.52 0.112
RBC transfusion n 28 27 pt
Mean (times) 10.71 6.70 0.107
Fever n 28 27 4
Mean (daysy 23.39 2293 0.544
CR n 27 29 p*
CR (number of patients) 20 28 0.016
EFS n 29 29 Y
2-year EFS+ SE 0.7241 £0.083 0.862 +0.064 0.187
Treatment duration n 29 29 pt
Mean (days) 116.9 1415 0.045
Total cost n 20 23 p*
Mean (§) 103 256 85 858 0.037
*t-test.

}‘Wilcoxson's rank sum test.
Two-sample test of proportion.
flLog-rank test.

although data of 15 cases (nine cases in the G-CSF group
and six cases in the control group) was unavailable.

Interaction

To clarify whether the effects of G-CSF depend on the
treatment courses or not, we studied the interaction
between the treatment groups and the treatment
courses on FN, thrombocytopenia, stomatitis and infec-
tion. As shown in the upper half of Table IV, there were
no significant differences in the incidences between the
G-CSF group and the control group throughout the six
chemotherapy courses in whole.

When we compared the incidences between the G-
CSF group and the control group by each treatment
course (the first half and the latter half), there was no
significant difference in the four AEs. However, accord-
ing to the lower half of Table IV, significant interaction
was observed in thrombocytopenia and stomatitis;
thrombocytopenia was much more frequent in the
second half of the G-CSF group and stomatitis was much
more frequent in the first half of the control group.

Discussion

In this prospective randomized study, we showed that
prophylactic use of G-CSF for children with B-NHL
through six chemotherapy courses significantly reduced
the duration of FN than the control group. However, the
use of G-CSF failed to reduce the incidence of FN, which
is the primary endpoint of our study, as compared with
the control group. These findings are consistent with
pediatric leukemia studies which have been previously
reported [19-24]. Heath et al. conducted a large cohort
study, and showed that G-CSF shortened the duration of

FN but did not decrease episodes of FN compared to the
control group [24], and other smaller studies have
shown similar results. However, Welte et al. have shown
positive results for prophylactic use of the G-CSF. They
evaluated the influence of G-CSF in children with high
risk ALL treated with nine cycles of chemotherapy and
concluded that G-CSF significantly reduced FN [19]. They
also suggested that the benefits of G-CSF in pediatric
ALL may be underestimated if the interpretation of
clinical results is based on only one or two chemother-
apy cycles per patient [17]. Their hypothesis may explain
Patte et al.’s negative results, in childhood B-NHL, in
which they failed to find the clinical benefit of prophy-
lactic use of G-CSF during the two induction courses of
chemotherapy. Since the effect of G-CSF may appear in
the second half of the treatment as suggested by Welte
et al., we studied the interaction of G-CSF effects on the -
incidence of FN between the first and last three courses,
but there were no significant differences in the incidence
according to the chemotherapy courses. These findings
suggest that short intensive chemotherapy for children
with B-NHL suppressed hematopoietic stem cells too
severely to allow an effective early response to G-CSF
stimulation. In fact, severe neutropenia (<500/ul) was
observed in almost all patients (>95%) after every
chemotherapy course in our study [4]. Even if the
incidence of FN is not significantly reduced in the G-CSF
group, it might be expected that short duration of FN
days causes a decrease in the incidence infection.
However, our study showed no significant reduction,
and further analysis of interaction between the first and
last three courses did not show any benefit in the G-CSF
group. ’

As for cost benefit, there are a few G-CSF studies on
pediatric patients in which an analysis has been



Downloaded by [118.238.15.2] at 13:51 23 December 2015

6 (&) M. TSURUSAWA ET AL.

Table IV. Comparison of adverse events according to the Treatment Courses between the G-CSF and control groups.

G-CSF Control
AEs is grade 3 Treatment courses N* AE, n (%) N : AE, n (%) OR (95%Cl) p**
FN Total 139 115 (82.7) 150 129 (86.0) 0.77 (0.32, 1.85) 0.564
The first 3 courses 79 69 (87.3) 79 69 (87.3) 0.99 (0.38, 2.59) 0.987
The latter 3 courses 60 46 (76.7) 71 60 (84.5) 0.64 (0.24, 1.69) 0.368
1st 28 28 (100.0) 27 26 (96.3)
2nd 24 19 (79.2) 27 23 (85.2)
3rd 27 22 (81.5) 25 20 (80.0)
4th 20 16 (80.0) 24 21 (87.5)
5th 20 16 (80.0) 24 21 (87.5)
6th 20 14 (70.0) 23 18 (78.3)
Thrombocytopenia Total 139 110 (79.1) 150 117 (78.0) 1.08 (0.56, 2.01) 0.811
The first three courses 79 54 (68.4) 79 59 (74.7) 0.74 (039, 1.42) 0.369
The latter three courses 60 56 (93.3) 71 58 (81.7) 3.15 0.101
1st 28 20 (71.4) 27 20 (74.1)
2nd 24 7 (29.2) 27 14 (51.9)
3rd 27 27 (100.0) 25 25 (100.0)
4th 20 18 (90.0) 24 17 (70.8)
5th 20 18 (90.0) 24 18 (75.0)
6th 20 20 (100.0) 23 23 (100.0)
Stomatitis Total 139 30 (21.6) 150 33 (22.0) 0.91 (0.45, 1.84) 0.786
The first three courses 79 17 (21.5) 79 26 (32.9) 0.58 (0.28, 1.19) 0.137
The latter three courses 60 13 21.7) 71 7 (9.9) 2.66 (0.86, 8.26) 0.090
st 28 13 (46.4) 27 18 (66.7)
2nd 24 3 (12.5) 27 8 (29.6)
3rd 27 1(3.7) 25 0 (0.0)
4th 20 5 (25.0) 24 4(16.7)
5th 20 6 (30.0) 24 3 (12.5)
6th 20 2 (10.0) 23 0 (0.0)
Infection Total 139 99 (71.2) 150 117 (78.0) 0.71 (0.31, 1.66) 0.436
The first three courses 79 60 (75.9) 79 66 (83.5) 0.63 (0.27, 1.48) 0.291
The latter three courses 60 39 (65.0) 71 51 (71.8) 0.78 (0.29, 2.07) 0.615
st 28 25 (89.3) 27 26 (96.3)
2nd 24 16 (66.7) 27 22 (81.5)
3rd 27 19 (70.4) 25 18 (72.0)
4th 20 14 (70.0) 24 18 (75.0)
Sth 20 13 (65.0) 24 18 (75.0)
6th 20 12 (60.0) 23 15 (65.2)
The first three courses The latter three courses
AEs is grade 3 Group N AE, n (%) N AE, n (%) OR (95%Cl) p¥*
FN G-CSF 79 69 (87.3) 60 46 (76.7) 0.51 (0.28, 0.91) 0.023
Control 79 69 (87.3) 71 60 (84.5) 0.79 (042, 1.47) 0.456
Interaction/A 0319
Thrombocytopenia G-CSF 79 54 (68.4) 60 56 (93.3) 6.43 (2.12, 19.57) 0.001
Control 79 59 (74.7) 71 58 (81.7) 1.52 (0.70, 3.28) 0.291
Interaction 0.030
Stomatitis G-CSF 79 17 (21.5) 60 13 (21.7) 1.08 (0.58, 2.01) 0.803
Control 79 26 (32.9) 71 799 0.23 (0.10, 0.56) 0.001
Interaction 0.012
Infection G-CSF 79 60 (75.9) 60 39 (65.0) 0.62 (0.34, 1.15) 0.129

AE, adverse events; N*, number of treatment courses; p**, generalized estimating equations method with the exchangeable structure using logistic model
including treatment and course (first and second half) and the interaction term. Interaction”, interaction term between treatment (G-CSF and control) and
course (first and latter half).

incorporated [15,25,26]. Rubino et al. failed to reduce the
costs of chemotherapy of two induction courses by
prophylactic use of G-CSF for pediatric B-NHL [15]. In the
study by Pui et al.,, despite the reduction in duration of
hospital stay and documented infections, the saving
associated with the use of G-CSF was not sufficient
to offset its cost in childhood ALL [25]. Bennett et al.
also showed that the prophylactic use of G-CSF did
not result in significant cost savings, despite the shorter
hospital stays or lower antibiotic use in childhood
ALL and lymphoblastic lymphoma [26]. Similarly, our -
study showed no demonstrable cost benefit derived

from the prophylactic administration of G-CSF even if
the hospital stay of the G-CSF group was significantly
shorter than the control group. This finding suggested
that G-CSF treatment did not reduce the cost of
supportive care and chemotherapy, although we did
not have an expense details document. Our saving cost
with $15 000 by shortened hospital stay was much
higher compared to amount ($2000-$3000) of the
previous studies [15,25,26]. This difference may be
derived from the relatively longer hospital stay in
Japan as compared with the western countries, because
hospitalization costs of pediatric cancer patients
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younger than 18 years are all covered with public money
in Japan.

Since many previous studies for childhood ALL and
NHL have shown that prophylactic use of G-CSF had no
prognostic impact on their outcomes [10,13,16,26], a
significantly lower CR rate of the G-CSF group as
compared with the control group is unexpected.
However, three patients in the G-CSF group of our
study did not receive second look surgery and were still
alive without tumors after completion of the chemo-
therapy. These results suggest that the three patients
did not have viable tumor cells at the final evaluation
time even if the radiographic examination image was
not completely normalized, because the low CR rate was
not significantly related to long-term outcomes.

In conclusion, prophylactic use of G-CSF could not be
expected to reduce the incidence of FN or the cost of
medical expense for the childhood B-NHL treatment.
Furthermore, since daily and subcutaneous administration
of G-CSF is an additional and painful procedure, it should
be restricted to those who are highly likely to benefit.
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