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Autologous hematopoietic stem cell transplant (autoHSCT) remains standard of care for fit 

patients with multiple myeloma[1]. The use of granulocyte colony stimulating factor (G-

CSF) after autoHSCT accelerates neutrophil recovery by 1 – 6 days without improving 

platelet recovery, incidence neutropenic fever, or intravenous (IV) antibiotic exposure using 

multiple conditioning regimens[2,3]. The American Society of Clinical Oncology (ASCO) 
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guidelines recommend that G-CSF should be initiated 1–5 days after administration of high-

dose chemotherapy and should be continued until the absolute neutrophil count (ANC) is 

2000 – 3000/μL[4]. Earlier administration of G-CSF post-transplant accelerates neutrophil 

recovery, but the clinical implications were thought to be modest [5]. The duration of severe 

neutropenia, rather than the time to neutrophil engraftment, has rarely been analyzed in 

patients with myeloma, nor has the G-CSF schedule been studied in terms of its effect on 

safety with multiple schedules. After identifying three cohorts that received G-CSF 

(Neupogen) starting on day +1, day +5, and day +7, we report on the influence of G-CSF 

administration timing on the duration of severe neutropenia, safety, and disease control.

Three patient cohorts were identified that all received high dose melphalan (140 or 200 

mg/m2) on day −2 over a 30-minute infusion, followed by autologous stem cell rescue (day 

0), and G-CSF was administered daily 5 mcg/kg. Three cohorts (N=221) received G-CSF 

starting day+1 (n=43), day+5 (n=75), or day+7 (n=103) until the absolute neutrophil count 

(ANC) was >1500/μL or white blood cell count >5000/μL. This study was approved by The 

Ohio State University Cancer Institutional Review Board (NCT01653106), and the different 

G-CSF treatment schedules resulted from changes in institutional standard practices at 

different time periods. The duration of severe neutropenia (grade 4) was calculated using the 

estimated start and end time in hours during which the ANC was below 500/μL, including 

the time when the total white blood cell count was less than 500/μL and differential was not 

performed. Most patients (223 out of 226) received levofloxacin, acyclovir and fluconazole 

as prophylaxis. We evaluated the duration of severe neutropenia (ANC<500), the onset of 

bacteremia, World Health Organization (WHO) grade 2–4 mucositis, time to neutrophil 

engraftment, the incidence of febrile neutropenia, bacteremia (excluding coagulase-negative 

staphylococcus & microbacterium) the time to biochemical progression and overall survival.

The influence of the G-CSF treatment schedule, either day +1, +5, or +7, on each outcome 

was controlled for baseline characteristics through inverse probability weighting 

methodology (IPW)[6]. We estimated the IPW through a multinomial regression model 

which included age, race, gender, melphalan dose, and cytogenetic risk group. Linear, 

logistic and Cox regression models, weighted by the estimated stabilized IPW, were utilized 

to control confounding, and along with robust variance estimators, to test the influence of 

treatment schedule on each outcome of interest [7]. Duration of severe neutropenia, the 

number of hospital days, and time to neutrophil engraftment were heavily right skewed, and 

were natural log transformed for analysis. Time to relapse was determined as the time from 

transplant until the earliest of the following time points: progressive disease, clinical relapse, 

or relapse from CR as defined by the International Myeloma Working Group (IMWG). 

Patients without known progression were censored at the date of last follow up. Overall 

survival was defined as the time from transplant until death; patients were censored when 

lost to follow up or on the last date known to be alive through January 2017. All reported p-

values and confidence intervals were two-sided, and reported at the nominal level; all 

analyses were performed using Stata 13.0.

Patient characteristics are given in Table 1. Patient characteristics were generally similar 

between the three G-CSF cohorts. The most notable difference was observed between 

groups in the proportion of patients receiving 200 mg/m2 of melphalan. The duration of 
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severe neutropenia was significantly increased for patients receiving G-CSF on day +7 

(geometric mean (GM): 151.4, 95% CI: 145.6– 157.1) and in those receiving G-CSF on day 

+5 (GM: 119.3, 95% CI 114–126.1) compared to those receiving it day +1 (GM: 104.2, 95% 

CI: 98.85–110.0, IPW adjusted estimates and Wald test: day +7 vs. day +1: p-value < 0.001, 

day+5 vs. day +1: p-value=0.001, day +7 vs. day +5: p-value<0.001) (Figure 1a). Moreover, 

time to neutrophil engraftment was substantially longer for those in the day +7 cohort and 

the day +5 cohort compared to the day +1 cohort (GM: day +7: 12.8 days, 95% CI: 12.6–

13.0; day +5: 12.3, 95% CI: 12.2–12.5; day +1: 11.2 days, 95% CI: 10.9–11.5; day +7 vs. 

day +1: p-value <0.001, day +7 vs. day +5: p-value <0.001, day +7 vs. day +5: p-

value<0.001) (Figure 1b).

Patients who received G-CSF starting day +7 suffered an increased incidence of grade 2 or 

higher mucositis compared to patients that started G-CSF day +5 (adjusted odds ratio (aOR) 

4.4, CI 1.4–13.6, p-value=0.01) and on day +1 (aOR 4.1, CI: 0.9–18.8, p-value=0.07). 

Similarly, the proportion of patients with bacteremia was significantly increased in those 

treated on day +7 compared to those on day +5 (aOR: 2.7, 95% CI: 1.2–6.3, p-value: 0.019), 

but not between day +7 and day +1. Febrile neutropenia was more common in patients 

receiving GCS-F on day +7 compared to those receiving it on day +5 or day +1 (aOR vs. 

day +1: 3.6, 95% CI: 1.5–8.7, p-value=0.006; aOR vs. day +5: 3.8, 95% CI: 1.7–8.3, p-

value=0.001). These findings suggest that starting G-CSF on day +1 following autoHSCT 

decreases the duration of severe neutropenia, time to neutrophil engraftment, incidence of 

neutropenic fever, and mucositis compared to starting G-CSF on days +5 and +7.

Subjects were followed for a median duration of 20.0 months (maximum 52 months); 81 

subjects relapsed during this time (17 treated with G-CSF day +1, 20 treated with G-CSF 

day +5, 44 treated with G-CSF day +7) and 41 patients died (110 G-CSF day +1, 6 G-CSF 

day +5, 25 G-CSF day +7). While time to biochemical relapse does not appear to be 

influenced by treatment day with G-CSF (IPW adjusted hazard ratio (aHR): day +7 vs. day 

+1: 1.6, 95% CI: 0.9– 2.8, p-value = 0.143; day +5 vs. day +1: 1.7, 95% CI: 0.8– 3.5, p-

value = 0.146), there is some indication of worse overall survival in those receiving G-CSF 

on day +7 versus day +1 (aHR 2.8, 95% CI: 1.0–7.8, p-value=0.049; day +5 vs. day +1: aHR 

2.8, 95% CI: 0.6–12.3, p-value=0.17 (Figure 1c & 1d)

Our analysis fits well with other reports that compared different start times for G-CSF 

administration after autologous transplant. The only phase 3 trial which randomized G-CSF 

starting with transplant versus placebo demonstrated clear benefits in terms of a reduction in 

the duration of neutropenia, number of infections, and length of stay[3] in the G-CSF arm, 

but this does not address whether there is a dose-response relationship. The first randomized 

study to test different schedules of G-CSF examined starting G-CSF at day +1 and day +5 

was performed in just 86 patients and found starting G-CSF on day+1 shortened the period 

of severe neutropenia but few other differences were significant, although analysis of the 

effect on mucositis was not reported[5]. The second prospective trial[8] that tested different 

G-CSF schedules (no G-CSF vs day +1 vs day +5) in 240 patients with a variety of 

hematologic malignancies and found a statistically longer period of neutropenia without G-

CSF (13 days) than with G-CSF (9 days starting day +1 and 10 days starting day +5); the 

conclusions of this trial are difficult to generalize given the mix of conditioning regimens 
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and cancers. More modern comparisons were retrospective, analyzing large patient 

populations at the expense of patient heterogeneity. Comparing G-CSF starting day +7 vs 

day +14 (n=117) showed a longer period of neutropenia, longer treatment with intravenous 

antibiotics, and longer hospital stay with delayed G-CSF[9]. The influence of G-CSF on the 

length of hospital stay is controversial in the literature with some reports showing longer 

length of stay and more neutropenic fevers with earlier administration of G-CSF (n=664)

[10], but because most reports were retrospective analyses, the institutional standards 

regarding prophylactic antibiotic administration and infection detection policies differed 

within the cohorts studied.

We have illustrated that starting G-CSF injections the day after stem cell infusion (day +1) 

decreases the duration of severe neutropenia, incidence of neutropenic fever and significant 

mucositis in comparison to day +5 and day +7 in patients receiving autologous transplant for 

MM. The finding that starting G-CSF earlier after transplant decreases the period of severe 

neutropenia is expected, and decreasing mucositis follows as mucositis correlates with 

neutropenia[11]. Downstream measurements of the incidence of bacteremia and length of 

hospital stay clearly relate to time to engraftment, but multiple variables, including 

melphalan exposure (area under the curve)[12], and hematopoietic cell transplantation-

specific comorbidity index (HCT-CI) can influence these measures. Instead of a costly 

prospective trial to confirm our findings, the next step could be a cost-effective multi-center 

retrospective analysis. This multicenter trial could identify subgroups most likely to 

benefit[13,14], justifying the increased cost of more G-CSF. Until then, starting G-CSF day 

+1 to decrease the incidence of neutropenic fever and significant mucositis is appealing.
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Figure 1. 
a. Duration of severe neutropenia in hours (ANC <500) in patients who received G-CSF on 

day +1, day + 5, or day + 7 from ASCT. IPW adjusted geometric mean estimates: day +7 vs. 

day +1: p-value < 0.001, day+5 vs. day +1: p-value=0.001, day +7 vs. day +5: p-

value<0.001) .

b. Time to neutrophil engraftment in patients who received G-CSF on day +1, day + 5, or 

day + 7 from ASCT. IPW adjusted geometric mean estimates: day +7 vs. day +1: p-value, 

day+5 vs. day +1:, day +7 vs. day +5: p-value) .

c. Time to biochemical relapse comparing the patients who received G-CSF on day +1 to 

those patients who received G-CSF on day +5 and +7. Eighty-one subjects relapsed during 

this time (17 treated with G-CSF day +1, 20 treated with G-CSF day +5, 44 treated with G-

CSF day +7). Day +7 vs. day +1: aHR: 1.6, 95% CI: 0.9– 2.8, p-value = 0.143; day +5 vs. 

day +1: aHR: 1.7, 95% CI: 0.8– 3.5, p-value = 0.146).

d. Overall survival in patients who received G-CSF on day +1, day + 5, or day + 7 from 

ASCT. 41 patients died (10 in G-CSF day +1 cohort, 6 in G-CSF day +5 cohort, 25 in G-

CSF day +7 cohort). G-CSF on day +7 versus day +1, aHR: 2.8, 95% CI: 1.0–7.8, day +5 vs. 

day +1: 2.8, 95% CI: 0.6–12.4 .

Annotations:
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ANC: Absolute neutrophil count; G-CSF: Granulocyte-colony stimulating factor; 

autoHSCT: autologous hematopoietic stem cell transplant.
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Table 1.

Patient characteristics of those treated with G-CSF starting Day +1, Day +5 and Day +7.

Baseline Characteristics GCSF day +1
(n = 43)

GCSF day +5
(n = 75)

GCSF day +7
(n = 103)

p-

value
a

Age
                      Mean (sd)
                Median (min – max)
                       < 60(%)
                        60 – 65(%)
                       > 65(%)

57.7 (8.1)
57 (40 – 72)

23 (53.5)
15 (34.9)
5 (11.6)

58.5 (7.4)
59 (37–75)
41 (54.7)
22 (29.3)
12 (16.0)

58.3 (7.4)
59 (35 – 70)

52 (50.5)
35 (34.0)
16 (15.5)

0.88
0.93

Gender
                       Female(%)
                      Male(%)

16 (37.2)
27 (62.8)

26 (34.7)
49 (65.3)

40 (38.8)
63 (61.2)

0.87

Race
                    White(%)
                    Other(%)

37 (86.1)
6 (14.0)

64 (85.3)
11 (14.7)

90 (87.4)
13 (12.6)

0.90

Melphalan dose
                   140 mg/m2(%)
                   200 mg/m2(%)

9 (20.9)
34 (79.1)

14 (18.7)
61 (81.3)

14 (13.6)
89 (86.4)

0.48

Risk group
                       Standard(%)
                    Intermediate(%)
                         High(%)
                      Missing(%)

27 (62.8)
11 (25.6)
4 (9.3)
1 (2.3)

39 (52.0)
24 (32.0)
12 (16.0)

0

62 (60.2)
23 (22.3)
15 (14.6)
3 (2.9)

0.55

Number of infused cells
                      Mean (sd)
                   Median (min – max)

5.2 (2.2)
4.7 (2.4–11.7)

5.1 (2.7)
4.6 (1.6–18.3)

4.4 (2.1)
4.0 (1.9–15.7)

0.08

Outcomes
b

Duration (hours) of severe neutropenia
                      Mean (sd)
      Adjusted geometric mean (95% CI)

104.8 (19.7)
104.2 (98.5–110.0)

120.8 (27.6)
119.3 (112.5–126.1)

153.4 (36.9)
151.4 (145.6–157.1) < 0.001

Length of Stay
                      Mean (sd)
      Adjusted geometric mean (95% CI)

13.9 (2.8)
13.8 (13.0–14.6)

17.7 (5.6)
17.0 (16.2–17.9)

15.2 (2.8)
15.0 (14.5–15.5) < 0.001

Mucositis grade
                  0–1(%)
                  2–3(%)

41 (95.3)
2 (4.7)

71 (94.7)
4 (5.3)

85 (82.5)
18 (17.5) 0.01

Bacteremia
c

                    No(%)
                     Yes(%)

34 (79.1)
9 (20.9)

66 (88.0)
9 (12.0)

76 (73.8)
27 (26.2) 0.06

Time to Neutrophil Engraftment
                         Mean (sd)
      Adjusted geometric mean (95% CI)

10.2 (1.0)
11.2 (10.9–11.5)

11.3 (0.7)
12.3 (12.2–12.5)

11.8 (1.1)
12.8 (12.6–13.0) <0.001

Febrile Neutropenia
                       No(%)
                     Yes(%)

15 (34.9)
28 (65.1)

26 (34.7)
49 (65.3)

12 (11.7)
91 (88.4) 0.002

Platelet transfusion
                    No(%)
                     Yes(%)

3 (7.0)
40 (93.0)

5 (6.7)
70 (93.3)

8 (7.8)
95 (92.2) 0.91

Red cell transfusion
                    No(%)
                  Yes(%)

22 (51.2)
21 (48.8)

49 (65.3)
26 (34.7)

49 (47.6)
54 (52.4) 0.06

a
Comparisons between baseline characteristics were made by Fisher’s exact test for categorical variables or by linear regression for continuous 

variables.

b
Outcome measures are compared through inverse probability weighted regression models, adjusting for age, race. melphalan dose, and risk group.
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c
Does not include coagulase-negative staphylococcus, microbacterium, and rare skin specific strep species.
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