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Abstract

Background: Changes in the incidence of bleomycin pulmonary toxicity (BPT) as a result of
adding colony-stimulating factors (CSF) to bleomycin regimens has been investigated in numerous
studies. We performed a systematic review and meta-analysis to assess the outcomes of these
studies.

Methods: A systematic search was performed using Pubmed, Scopus, Web of Science, and
Embase on April 2021. Studies evaluating the incidence of BPT in patients receiving bleomycin
with and without CSF were included. In addition, meta-analysis was performed by pooling odds
ratios using R.

Results: Out of 340 obtained records, our qualitative and quantitative analysis included 3234 and
1956 patients from 22 and 14 studies, respectively. The quantitative synthesis showed that addition
of CSF significantly increased the risk of BPT incidence (OR = 1.82, 95% CI: 1.37-2.40, p<0.0001;
12 =10.7%). Subgroup analysis did not show any association between continent, bleomycin dose,
cancer type, type of study, and pulmonary function test with BPT incidence.

Conclusion: This systematic review and meta-analysis showed that co-administration of CSF with
bleomycin increases the incidence of BPT. The physicians need to consider this finding while
deciding the best strategy for this cohort of patients.
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1. Introduction:

Bleomycin is a member of the glycopeptide antibiotics family and is a chemotherapeutic agent
produced by Streptomyces verticillus (1, 2). Bleomycin has received FDA approval for treating
Hodgkin’s and non-Hodgkin’s lymphoma, germ cell tumours, and malignant pleural effusion (3-
7). Its off label indications include vascular anomalies and warts (5). The reported adverse effects
of bleomycin are genotoxicity, local hyperpigmentation, nausea, vomiting, neuropathy,
neutropenia, and lung toxicity (8-11). Bleomycin’s most dangerous side effect, pulmonary toxicity,
can occur through interstitial capillary edema, overproduction of surfactant, and mediators release.
Various studies have reported bleomycin pulmonary toxicity (BPT) prevalence of 2-46%, with a
mortality rate of 1-2% among bleomycin administered patients (9). BPT incidence risk factors
include age, where it is established that people over 40 years old can experience BPT more than
others. However, a study didn’t find any relationship between age and BPT (12, 13). 2) Low renal
clearance is another risk factor for BPT since renal clearance is essential in bleomycin elimination
(14). The other risk factors for BPT include cumulative bleomycin dose more than 400 U (15),
cigarette smoking (16, 17), inflammatory markers such as Prognostic Nutritional Index score <40
and pre-chemotherapy neutrophil-to-lymphocyte ratio >6 (18), a high fraction of inspired oxygen
(Fi02). (19, 20), other chemotherapy drugs like cisplatin and gemcitabine (21, 22) and thoracic
irradiation (22). Animal studies have shown the use of colony-stimulating factors like granulocyte
colony-stimulating factor (G-CSF) as a risk factor for BPT; however, its effect has remained
controversial in human studies (4, 18, 23-30).

Colony-stimulating factors (CSF), including Granulocyte/Macrophage Colony Stimulating Factor
(GM-CSF) and G-CSF, are used in patients with a higher than 20% risk of neutropenia incidence
(primary prophylaxis) and patients with febrile neutropenia in a chemotherapy cycle (secondary
prophylaxis). Moreover, G-CSF (filgrastim) has FDA approval for congenital neutropenia. In
addition, PEGylated G-CSF is approved to support neutropenia and GM-CSF (sargramostim) is
approved for neutropenia induced by transplantation of stem cells (10, 31). Neutropenia is known
as neutrophil counts below 1500/pul. Chemotherapy-induced neutropenia is related to relatively
high mortality, morbidity, and additional health costs (32).

While the effect of CSF application in avoidance of neutropenia is apparent, controversial evidence
indicates its addition to bleomycin regimens as a risk factor for BPT incidence. This review
attempts to solve the controversies in the literature by a systematic review and meta-analysis
comparing bleomycin-administered patients who received CSF and those who did not.

2. Methods:

This study was performed to solve antithesis reports around the exacerbation effect of CSF co-
administration on BPT incidence. The study protocol was registered with PROSPERO
(CRD42021267331).

2.1. Search strategy and selection criteria:

MeSH (Medical Subject Heading) terms and entry terms relating to the topic were used to define
search strategy. The most important terms were “neoplasm”, “Granulocyte colony-stimulating



factor”, “bleomycin”, and “Pulmonary fibrosis”. The search was performed using Pubmed,
Scopus, Web of Science and Embase on April 2021. We didn’t apply any time, language or study
design restriction. Also, a search alert was activated to inform authors of new articles related to
the search strategy. The detailed search strategy is provided in supplementary materials (Table
S1).

2.2. Eligibility criteria:

Human studies with these criteria were included: (1) having a control group, received bleomycin
without CSF, (2) having a case group, received bleomycin and CSF and (3) assessed BPT as an
outcome.

2.3. Data Extraction and Management:

Screening (SMSS and MJY), full-text assessment (SMSS and MJY), data extraction (SMSS and
MS), and quality and risk of bias assessment (SMSS and MS) were performed by two reviewers
independently. Disagreements were resolved through discussion or consult of the third reviewer
(OA). Extracted items were: name of the first author, publication date, country, type of study,
follow-up period duration, cancer type, chemotherapy regimen, the dose of bleomycin and colony-
stimulating factors, pulmonary test for toxicity detection (functional and others), effect size or the
number of BPT patients in CSF and non-CSF groups to calculate the effect size. Data is extracted
in standard form on Excell office 2016.

2.4. Quality and Risk of bias assessment:

The Newcastle-Ottawa Scale (NOS) was used for assessing the quality of observational studies.
Studies in meta-analyses were ranked as good, fair, and poor quality, regarded as 1-3, 4-6, 7-9
scores, respectively (33). Also, for assessing the quality of clinical trials, the Cochrane risk of bias
assessment tool was used (34).

2.5. Statistical analysis:

We extracted the natural logarithm of odds ratios (OR) and its standard error from the studies to
measure the association between concomitant use of CSF and BPT. When available, adjusted OR
estimates were selected over crude measures. Since the reported effect size in the Binder et al.
study was hazard ratio, we calculated the OR and its confidence interval based on the raw data
(35). The Q-test and the I statistic were employed for assessing the between-study heterogeneity
(11, 34). The I score values of 0% to 40% were considered not important (36). Based on the results
of Cochran’s Q test and /° statistic, the presence of heterogeneity was rejected, and the effect sizes
were pooled by using the inverse variance weighted mean of the natural logarithm of ORs with
95% CIs. To investigate the presence of outliers, we compared the confidence intervals of the
studies with the confidence interval of the pooled effect size (37). A leave-one-out sensitivity
analysis was performed to check for the robustness of the pooled estimate (38). Subgroup analyses
were carried out by adjustment of studies for the place of study (America, Asia and Europe
continents), cumulative bleomycin dose (less than 150 or 200 mg and more than 150 or 200 mg)
because the skin side effect reported at these doses (39), performed the pulmonary functional test
(yes and no) and type of study (case-control, cohort and clinical trials). In addition, we used the Q



test to determine if the subgroup differences are large enough not to be explainable by sampling
error alone. We fitted a meta-regression to evaluate the association between publication year and
duration of the studies and the pooled effect size. We employed funnel plots, and both Egger’s
(40) and Begg’s (41) tests to evaluate the publication bias. We performed the meta-analysis in R
software (https://cran.r-project.org) using packages meta, metafor, and dmetar (37, 42, 43).

3. Result:
3.1. Study description:

As illustrated in Figure 340 records were obtained, including 21 from Pubmed, 215 from Scopus,
42 from Web of Science, 60 from Embase provided by performed search strategy and two records
provided by manual search. After removing 59 duplicate records, 281 records were screened,
resulting in the elimination of 249 irrelevant records. Full-text assessment of the remaining 32
records led to the exclusion of 10 studies due to not having the required case or control group in 6
studies, inclusion the of study patients in another updated paper in 3 studies, and not assessing
BPT as an outcome in one study. Finally, 22 studies were included in our systematic review, and
of these, 14 studies reported enough data to enter the meta-analysis.

Studies included in the systematic review were 16 cohort studies (3, 4, 6, 7, 28, 44-54), 4 case-
control studies (26, 55-57) and 2 clinical trials (24, 58) (Table 1). Different diagnosis and
chemotherapy regimens were used in eligible studies. Cancer types of patients were Hodgkin’s
lymphoma (HL) or classical Hodgkin’s lymphoma (cHL) in 8 studies (6, 7, 26, 28, 47,49, 51, 54),
germ cell tumor (GCT) in 8 studies (4, 24, 45-47, 50, 52, 53), non-Hodgkin lymphoma in 2 studies
(3, 58), HL or GCT in 2 studies (56, 57), and lymphoma with no specific reported type in 2 studies
(44, 55). ABVD, BEP, and other different chemotherapy regimens were used. Continents in which
studies were performed were America in 10 studies (4, 6, 7, 26, 28, 46, 50-52, 57), Asia in 6 studies
(3, 44, 45, 53, 55, 56) and Europe in 6 other studies (24, 47-49, 54, 58). Different BPT diagnosis
criteria and tests were used in different studies (Table S2). More commonly performed pulmonary
functional tests were diffusing capacity for carbon monoxide (DLCO) (7, 28, 47, 48, 53, 55, 56,
58) and the partial pressure of oxygen in the arterial blood (PaO.) (3, 44) and more commonly
performed other evaluations were chest X-ray (CXR) (7, 26, 44, 45, 52, 53, 55) and computed
tomography (CT) scan (26, 28, 44, 45, 47, 52, 53, 55). Studies used Quality assessment of
observational studies classified two studies as fair quality (44, 49) and 18 studies as high quality
(3,4, 6,7, 26, 28, 45-48, 50-57). Also, results of Cochrane’s risk of bias assessment tool on 2
clinical trial studies are demonstrated in supplementary materials (Table S5, Figure S1) (24, 58).
Risk factorsthat have benn given in each study for the possibility of impact on the occurrence of
BPT, except for CSF listed in appendix (Table S4).
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Figure 1. Prisma flow diagram for study selection (59).



Table 1: Characteristics of eligible studies.

range of 14-49.

e, and

Study Place of | design Inclusion criteria Main | Chemoth Total | Stratificat | Test for | Qual
study diagno erapy populat ion assessmen | ity of
(countr sis regimen ion of | Basedon t of artic
y and analysis | Controlle | huimonar | e
contine d y toxicity
nt) Variables
Iki et al. Japan Cohort Patients with no significant change | Malign NR 75 No Paraclinic | Fair
(1993) (Asia) in the schedule of treatment in 1988- ant adjusted al and
(44) 1991 lympho effect size | functional
ma tests
Bastion et | France Clinical | reporting two studies on the patient Non- NR 278 No Functional *
al. (1994) and trial treated by Bleomycin and GCSF. Hodgki adjusted tests
(58) Belgium The age of patients was <55 years in n’s effect size
(Europe) one study and 55-70 in the other. lympho
ma
Lei etal. China Cohort | NHL patients received BACOP with | Non- BACOP 36 No Paraclinic | Good
(1994) (3) (Asia) no history of pulmonary disease or | Hodgki adjusted al and
cancer therapy. n’s effect size | functional
lympho tests
ma
Saxman et USA Cohort Advanced GCT patients treated by | Germ Control: 86 No Paraclinic | Good
al. (1997) | (Americ bleomycin included chemotherapy cell BEP adjusted al tests
(CY)] a) regimens with the age range of 15- tumor effect size
48. Controls are advanced GCT (GCT) case -
patients treated by phase III study §t0p0s1Qe,
(twice the dose of cisplatin) to 1fo.sfarn1-de
compare with standard BEP and age - C15P latlp,
vinblastin




bleomycin

Fossa, United | Randomi | Previously untreated histologically Germ BEP/EP 257 No NR *
Sophie et | Kingdo zed proven non-seminomatous GCT and cell or adjusted
al. (1998) m clinical poor prognosis. tumor | BOP/VIP- effect size
(24) (Europe) trial B
Martin et USA Case- newly diagnosed, biopsy-proven HL | Hodgki | ABVD, 141 No Paraclinic | Good
al. (2005) | (Americ | control n’s MOPP- adjusted al tests
(20) a) lympho | ABV(D), effect size
ma COPP-
ABV(D),
BEACOP
P, and
Stanford
\Y%
Zahid et | Pakistan | Retrospe | GCT patients from March 2006 to Germ BEP 83 adjusted | Paraclinic | Good
al. (2009) (Asia) ctive September 2008 cell effect size al tests
(45) cohort tumor
Tran et al. | Canada | Retrospe GCT patients receiving first-line Germ NR 260 adjusted NR Good
(2012) (Americ ctive chemo in 2000-2010 cell effect size
(46) a) cohort tumor
Ahmed Oman Case- Patients used bleomycin at least one | Hodgki | ABVD in 46 No Paraclinic | Good
and Al- (Asia) control dose at SQUH in 2007- 2010 n’s 63% of adjusted al and
Zakwani lympho | patients effect size | functional
(2013) ma in tests
(55) 67% of
patient
Alexander | Portugal | Retrospe GCT patients treated by BEP in Germ BEP 114 No Paraclinic | Good
et al. (Europe) ctive 2000-2012 cell adjusted al and
(2013) cohort tumor effect size | functional




(47) tests
Santos ez | Portugal | Retrospe HL patients received ABVD in Hodgki | ABVD 65 No Paraclinic | Good
al. (2013) | (Europe) ctive 2010-2011 n’s adjusted al and
(48) cohort lympho effect size | functional
ma tests
Marri et al. USA Retrospe CHL patients treated with classic Not 161 No Paraclinic | Good
(2014) (6) | (Americ ctive bleomycin-consisted chemotherapy al recorded adjusted al and
a) cohort in 2000-2012 Hodgki effect size | functional
n’s tests
Lymph
oma
(cHL)
Stamatoull | France | Retrospe | Classical HL patients older than 60 | Classic ABVD 147 No NR Fair
as et al. (Europe) ctive years old, referred to Saint-Louis al adjusted
(2014) cohort hospital in 1997-2012 Hodgki effect size
(49) n’s
Lymph
oma
Ko et al Canada | Retrospe consecutive metastatic testicular malign BEP 275%* No Functional | Good
(2015) (Americ ctive germ cell tumor patients receiving ant adjusted tests
(50) a) cohort | first-line chemotherapy in 1990-2013 | testicul effect size
ar germ
cell
tumor
Yao et al. USA Retrospe | HL patients treated by ABVD, some | Hodgki | ABVD 69 No Paraclinic | Good
(2016) (Americ ctive of them received pegylated n’s adjusted al tests
(51) a) cohort filgrastim lympho effect size
ma
Binder et USA Retrospe HL patients receiving at least one Hodgki | ABVD 54 Adjusted | Paraclinic | Good
al. (2017) | (Americ ctive n’s al and




@) a) cohort dose of bleomycin in 2003-2015 lympho effect size | functional
ma tests
Kwan et Canada | Retrospe | GCT patients received chemotherapy | Germ BEP 212%* Adjusted | Paraclinic | Good
al. (2017) | (Americ ctive in 2000-2010 cell effect size al tests
(52) a) cohort tumor
Sun et al. Canada | Retrospe | HL patients treated with ABVD in | Hodgki | ABVD 253 Adjusted | Paraclinic | Good
(2017) (Americ ctive 1999-2009 n’s effect size al and
(28) a) cohort lympho functional
ma tests
Maruyama | Japan Retrospe GCT patients underwent BEP in Germ BEP 52 No Paraclinic | Good
et al. (Asia) ctive 2008-2017 cell adjusted al and
(2018) cohort tumor effect size | functional
(53) tests
Tayshetye Japan Case- Bleomycin treated patients in 2008- | Hodgki NR 83 NR Functional | Good
etal. (Asia) control 2016 n’s tests
(2018) lympho
(56) ma or
testicul
ar germ
cell
tumor
Andersen | Denmar | Cohort HL patients treated with bleomycin | Hodgki | ABVD 409%** No Paraclinic | Good
et al. k containing chemotherapy in 1990- n’s adjusted al tests
(2018) (Europe) 2014 lympho effect size
(54) ma
Laprise- Canada | Nested | GCT patients treated by BEP and HL | Hodgki | ABVD or T8** Adjusted | Paraclinic | Good
Lachance | (Americ case- patients treated by ABVD in 2000- n’s BEP effect size al tests
etal. a) control 2016 lympho
(2019) ma or

testicul




(57) ar germ
cell
tumor

NR: not reported. BACOP: Bleomycin, Doxorubicin, Cyclophosphamide, Vincristine and prednisone. BEP: Bleomycin, Etoposide, Cisplatin.
BOP/VIP-B: Bleomycin, Vincristine, Cisplatin/Etoposide, Ifosfamide, cisplatin-Bleomycin. ABVD: Adriamycin, Bleomycin, vinblastin,
Dacarbazine. MOPP-ABV(D): Mechlorethamine/Vincristine/Procarbzine/Prednisone—Doxorubicin/Bleomycin/Vinblastine (Vacarbazine); COPP-
ABV(D): Cyclophosphamide/Vincristine/Procarbazine/Prednisone—Doxorubicin/Bleomycin/Vinblastine (Dacarbazine); BEACOPP: Bleomycin/
Etoposide/Doxorubicin/Cyclophosphamide/Vincristine/Procarbazine/Prednisone; ~ StanfordV: Doxorubicin/Vincristine/Vinblastine/Bleomycin/
Mechlorethamine/Cyclophosphamide/Etoposide/Prednisone. *Quality assessment of clinical trials recorded in appendix file. **In Ko et al. (2015)
(50), Kwan et al. (2017) (52), Andersen et al. (2018) (54) and Laprise-Lachance et al. (2019) (57) total population was 346, 260, 412 and 88 but
275, 212, 409 and 78 of the patients were reported as received bleomycin with or without G-CSF, respectively.



3.2. Association of concomitant use of colony-stimulating factors and bleomycin with BPT
incidence

The data of 14 studies with a total sample size of 1956, including more than 1093 cases and more
than 777 controls (Table S3), were entered into the meta-analysis. Based on the pooled data,
concomitant use of colony-stimulating factors is a risk factor for BPT incidence (OR = 1.82, 95%
CI: 1.37-2.40, p<0.0001; 12 = 10.7%, Q = 14.55, p=0.336) (Table 1 and Figure 2).

We calculated the OR of the Zahid 2009 study according to the reported confidence interval. Its
confidence interval is so wide (1.83-178.6); however, in other studies, the lower limit is 0.43, and
the upper limit is 12.79, so the weight of the article is considered low, as shown in the forest plot
(Figure 2).

Study ID Odds Ratio OR 95%-C1 Weight

L . 11.50 [1.11; 118.71]  1.4%
1.05 [0.41; 2.70] 8.8%
131 [047; 3.61] 7.6%
1.45 [0.80; 2.61] 22.5%

Lei, K. 1994
Saxman, S. 1997
Bastion, Y. 1994
Fossa, S. 1998

Martin, W. G. 2005 - 3.51 [1.31; 943] 8.0%
Zahid, K. F. 2009 : - 18.08 [1.83; 178.61] 1.5%
Ahmed, B. M. 2013 —m—— 1.34 [0.32; 5.58] 3.9%
Yao, D. 2016 - : 0.32 [0.03; 3.27] 1.5%
Binder, A. 2017 —r— 1.62 [0.37; 7.10] 3.6%
Kwan, E. 2017 -.— 1.60 [0.86; 2.98] 20.2%
Sun, H. 2017 — - 3.60 [1.01; 12.81] 4.9%
Maruyama, Y. 2018 % 1.70 [0.17; 16.57] 1.5%
Andersen, M. 2018 —E-— 247 [1.09; 5.60] 11.7%
Laprise-Lachance , M. 2018 ——EI— 2.48 [0.50; 12.20] 3.1%

* 1.82 [1.37; 2.40] 100.0%

I [ | I
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Figure 2: Forest Plot of odds ratio (OR) of the effect of concomitant CSF consumption on BPT incidence
in cancer patients treated with bleomycin.

3.3. Sensitivity Analysis

The results of the leave-one-out sensitivity analysis confirmed the robustness of the pooled
estimate (Figure 3).
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Figure 3: Leave-one-out sensitivity analysis

3.4. Subgroup Analysis and Meta-Regression

Regarding the place of the studies, the association between concomitant use of colony-stimulating
factors and BPT was significant in Asia (OR=3.24, 95% CI: 1.23-8.57, p=0.0176), Europe

(OR=1.65, 95% CI: 1.07-2.54, p=0.0236) and America (OR=1.79, 95% CI: 1.21-2.66, p=0.0039)
(Table 2).



Table 2. Results of the subgroup meta-analysis

Factors No. of OR (95% CI) p- Heterogeneity = Between-
Studies value subgroup
differenc
e
Continent Asia 4 (3,45, 3.24(1.23-8.57) 0.0176 Q=5.08, Q=1.57
53,55) p=0.167, P
12=40.9° .
09% 0.4568
Europe 3 (24, 1.65 (1.07-2.54)  0.0236 Q=1.34,
54, 58) p=0.5129,
12=0.0%
America 74,7, 1.79 (1.21-2.66)  0.0039 Q=6.57,
26, 28, p=0.36,
51, 52, 12=8.7%
57)
Dosage of Lessthan 7 (3,24, 2.01(1.40-2.88) 0.0002 Q=6.63, Q=0.35
bleomycin 200 mg 26, 28, p=0.356, -
(<200, 54,55, 2=95% I 03364
>200) 58)
More than 2 (4,45) 3.57(0.23-56.41) 0.3656 Q=5.06,
200 mg p=0.025,
12=80.2%
Dosage of Lessthan 3 (3,54, 2.18(1.18-4.03) 0.0131 Q=3.02, Q=0.35
bleomycin 150 mg 58) p=0.221, _
12=33.79
(:11550(; 337% ) 5564
More than 3 (4,45, 2.55(0.49-13.26) 0.2655 Q=5.07,
150 mg 53) p=0.080,
12=60.5%
Pulmonary Yes 63,7, 1.96(1.09-3.53) 0.0239 Q=4.05, Q=0.00
functional 28, 53, p=0.542, _
— 0
test 55, 58) 12=0.0% 0.9628
No 7 (4,26, 1.93(1.32-2.82) 0.0006 Q=9.75,
45,51, p=0.136,
52, 54, 12=38.5%
57)
Type of  Cohort 9(3,4, 1.90(1.31-2.78) 0.0008 Q=11.48, Q=1.86
7,28, p=0.176,



study 45, 51- 12=30.3% P=

54) 0.3944
clinical 2 (24, 1.41 (0.85-2.35)  0.1879 Q=0.03,
trial 58) p=0.866,
12=0.0%
case- 3 (26, 2.55(1.24-5.26) 0.0112 Q=1.19,
control 55, 57) p=0.553,
12=0.0%
Cancer NHL 2(3,58) 2.98(0.38-23.54) 0.3051 Q=2.80, Q=2.19
type p=0.094, P=0.3349
12=64.3%
GCT 54,24, 1.53(1.05-2.24) 0.0266 Q=5.13,
45, 52, p=0.274,
53) 12=22.1%
HL 5(7,26, 2.48(1.49-4.16) 0.0005 Q=4.11,
28, 51, p=0.392,
54) 12=2.6%

With regard to the dosage of bleomycin (<200 mg,>200 mg), unlike dosages over 200 mg, the
dosage under 200 mg has a significant association between concomitant use of colony-stimulating
factors and BPT (OR=2.01, 95% CI=1.40-2.88, p=0.0002) (Table 2).

If we consider 150 mg as the cut off for bleomycin dose, the association between concomitant use
of colony-stimulating factors and BPT was significant for dosage under 150 mg (OR=2.18, 95%
CIL: 1.18-4.03, p=0.0131), but the association was not significant for dosage over 150 mg
(OR=2.55, 95% CI: 0.49-13.26, p=0.2655) (Table 2).

Based on receiving the pulmonary functional test, the association between concomitant use of
colony-stimulating factors and BPT was significant for both subgroups (Table 2).

The association between concomitant use of colony-stimulating factors and BPT was significant
for a subgroup of cohort and case-control studies, but clinical trials did not show a significant
association between concomitant use of colony-stimulating factors and BPT (Table 2).

The association between concomitant use of colony-stimulating factors and BPT was significant
for HL and GCT diagnosis, but it was not significant for NHL and mixed HL and GCT (Table 2).
Forest plot of subgroup analysis recorded in the supplementary material (Figure S2-S7).

The results of fitting a meta-regression did not show any significant association between the year
and duration of the studies and the pooled effect size (Table 3).



Table 3: Results of meta-regression

source Regression coefficient 95% CI for regression p-value
coefficient

Duration 0.0013 (-0.0023, 0.0050) 0.4647

Year 0.0120 (-0.0170 0.0410) 0.4187

3.5. Publication Bias

Egger and Begg tests and the funnel plot (Figure 4) did not provide substantial evidence on the
publication bias (Egger: Intercept=0.78, 95% CI: -0.5-2.06, p = 0.257; Begg: z=1.37,p=0.171).

e
o AN
£
’ \
2 BN
’ | AN
’ 1 \
’ | \
3 | A}
/ 1 \\
(\! —] // | \
o // : \\
’ | \
’ | \
4 | \\
// OO | \
’ 1 \
/ | \\
< | / : \
= ’/ | (@] \\
/ ! AN
|
§ 40 o | 3
= ’ o : o N
(I 4 i N
’ \ \
g © _| P I Y
5 o , | \
g ; ' . \
(4] 7 : \
-+ ’ | \
] S o} . AN
i N
o] 4 : AN
O. ] /l | o} \\
’ | \
’ | \
& ] N
o ! e
/ | X
’ | \
’ 1 \
o _ :
~ , | \
’ | \
/ | \
’ | \
/ ! AN
7/ : N
’ \
~ |/ o o ® °
—
I [ I I I I I
0.2 0.5 1.0 2.0 5.0 10.0 20.0
Odds Ratio

Figure 4:funnel plot



4. Discussion:

Bleomycin is a glycopeptide antitumor agent used in various conditions, including Hodgkin’s and
non-Hodgkin’s lymphoma, germ cell tumors, and malignant pleural effusion. Genotoxicity,
hyperpigmentation, neutropenia, and lung toxicity are adverse reactions of bleomycin, but the most
dangerous is pulmonary toxicity (2-7, 9). BPT risk of incidence is exacerbated by different factors
such as age, cumulative dose of bleomycin, other chemotherapy drugs, and colony-stimulating
factors (4,12, 13, 15, 18, 21-30). Some studies have reported higher BPT incidence and thus higher
mortality in G-CSF co-administration, while others did not show any association (9). Several
randomized and nonrandomized studies with different diagnoses include advanced testicular
cancer, germ-cell tumors, Hodgkin and non-Hodgkin’s lymphoma (NHL), and metastatic
teratoma, reported no increase in BPT in the co-administration of filgrastim (7, 60).

Our subgroup analysis based on the cancer type showed OR of BPT incidence in HL patients to
be 2.48 (1.49- 4.16), in GCT patients to be 1.53 (1.05- 2.24), and in NHL patients to be 2.98 (0.38-
23.54). Despite a higher pooled OR in HL than in GCT, the between-subgroup-difference in the
meta-analysis subgrouped by cancer type was not significant. HL incidence peaks in two age
groups: the first peak is in patients in their third decade of life, and the second is in patients older
than 60 years old, while CGT mainly affects young men between 15-44 years old (61, 62).
Moreover, Lauritsen et al. reported 2.3 times higher chance of BPT incidence in over-40-year-old
patients; furthermore, a survey of patients, being 26 to 40 years old, did not find any relationship
between age and BPT incidence (12, 13). Although we did not achieve enough data to perform
subgroup analysis and meta-regression based on age, the observed higher BPT incidence in the
HL patients compared to GCT patients could be related to the higher age of the HL patients.
Nevertheless, it is notable that there is no definite claim on the effect of higher age on HL
incidence. While age higher than 50 years old is claimed as a risk factor for HL incidence by the
European Organization for Research and Treatment of Cancer (EORTC) but National Cancer
Institue of Canada (NCIC), and Eastern Cooperative Oncology Group (ECOG) are reported age
over 40 years as a risk factor for HL. German Hodgkin Study Group (GHSG) and National
Comprehensive Cancer (NCCN) do not put higher age as a risk factor for HL incidence (61).

GCT and HL have a lower prevalence in economically underprivileged. On the other hand, NHL
is rising in various areas, including Western Europe, Brazil, India, Japan and England. According
to the continent, no significant difference between subgroups confirms that our findings can be
generalized to different cancers and continents (63-65).

The cumulative dose of bleomycin is also one of the other BPT risk factors. Different cumulative
dose cut-offs, including 170 mg and 400 mg, are suggested (15, 65). Also, cumulative doses higher
than 150-200 mg have shown a higher incidence of the skin side effects of bleomycin in available
studies. Here we performed subgroup analysis using both cumulative dose cut-offs of 150 mg and
200 mg (39). Despite no significant difference between cumulative bleomycin dose subgroups, the
effect of G-CSF was not significant in doses higher than 150-200 mg. This can be justified by
masking the adverse impact of G-CSF by the higher cumulative dose of bleomycin. Another
explanation for this nonsignificant OR could be the low number of studies in these subgroups,
making the confidence interval wide. However, we require more studies to have a more robust



suggestion on higher cumulative doses. Considering the overall OR, high OR of >150 mg and
>200 mg subgroups, and no between-subgroups-difference, the nonsignificant confidence interval
of higher doses subgroups as a result of low number and wide confidence interval of the included
studies doesn’t change this conclusion. Renal clearance is another important factor in bleomycin
prescription since 80% of bleomycin eliminates through urine (14). Patients with renal dysfunction
need dose adjustment for bleomycin. A 75% reduction in medication dose happens in patients with
CrCl under 25 ml/min, and bleomycin should not be administered faster than 72 h (66). Co-
administration of other chemotherapy drugs like cisplatin and gemcitabine are also risk factors for
BPT (21, 22). Cisplatin, ifosfamide and methotrexate are chemotherapy drugs with obvious
nephrotoxicity; other chemotherapeutic agents like gemcitabine and imatinib have also shown a
mild risk of nephrotoxicity. Using these medications in combination with bleomycin in
chemotherapy regimens like BEP and BOP/VIP-B and continuing these regimens to high
cumulative doses could result in nephrotoxicity. Thus higher bleomycin concentration causes a
higher incidence of BPT (24, 66). Moreover, as other drugs such as ACEIs and -blockers can also
lead to lung toxicity, these drugs affect BPT in concomitant use of CSFs and bleomycin is
suggested to be investigated in future randomized clinical trials (RCTs) (54).

Paraclinical or functional test for BPT diagnosis has no difference in risk of BPT, although, in both
subgroups, CSF use leads to an increase in the BPT risk. Since the paraclinical tests can help early
detection of BPT, they may be helpful in the detection of early-stage of pulmonary toxicity.
However, more investigations are required to establish the role of functional tests in this issue.

Using CSF concomitant with antibiotics for neutropenia does not change mortality risk and
increases flu-like syndrome and bone pain. But, it can decrease hospitalization duration for more
than ten days, reduce febrile neutropenia duration, and consequently, recovery time and decrease
in the period of antibiotic therapy compared with antibiotics without CSF group. Moreover, both
groups have no difference in thromboembolism risk (67).

Life expectancy and quality-adjusted life years (QALYs) for patients with advanced-stage
Hodgkin lymphoma treated with ABVD and G-CSF as secondary prophylaxis for febrile
neutropenia are 1.858 1.371, respectively, against 1.875 and 1.408 for patients with the equal
condition without G-CSF. Patients without G-CSF secondary prophylaxis experience net benefit
0.037 QALYs (13.5 quality-adjusted days) and 0.017 years (6.2 days) for life expectancy, so
without G-CSF strategy is better. Studies about cost-saving and use of G-CSF show that no use of
G-CSF for 123 days in treatment with ABVD leads to saving £2000 for each patient. This cost is
equivalent to Canadian dollar (CAD) 3406, whereas inflation. Avoiding G-CSF routinely
prescription reduces CAD 10241 for each patient (32, 68, 69). A cost-effectiveness analysis in
2013 shows that QALY's become better in patients without G-CSF against G-CSF use 1.416 and
1.403, respectively, CAD 5089 cost save for patients with no G-CSF strategy. The mentioned study
was done in patients with advanced-stage HL treated by ABVD with or without secondary
prophylaxis use of G-CSF (70).

Previous guidelines recommended prophylaxis G-CSF for patients with 40% cut-off, but according
to cost-effectiveness studies, a decrease of patients cut off to 20% for G-CSF prophylaxis looks
rational (71-73).



G-CSF must be monitored when used with pneumotoxic chemotherapy drugs. The sudden rise of
leucocyte, CRP, LDH, fever, and dyspnea might be a sign of pneumonitis. However, pulmonary
function tests and chest radiographs should be performed to prove it. If pneumonitis is established,
a pulse of steroids must be prescribed immediately (74). At this condition, 0.75-1mg/kg
prednisolone is used for 4-8 weeks, then tapered down in additional 4-6 months. Patients'
symptoms become better for a short time, but they may relapse during taper down. Imatinib
mesylate can cure patients with severe BPT treated by ABVD, leading to renal impairment. Also,
nilotinib, montelukast, gefitinib, pravastatin, and sirolimus have shown encouraging results (66,
75).

Two mechanisms are suggested for the exacerbating effect of G-CSF on pulmonary toxicity during
chemotherapy. The first one is the rising number of activated neutrophils in place and reactive
oxygen caused by them and the second one is an increase in the number of leukocytes during the
treatment (76). In-vitro studies showed bleomycin stimulates a type II pneumocyte cell line
(A549), which increases monocyte and neutrophil chemotactic activities. Also, bleomycin
exposure resulted in a significant increase in granulocyte colony-stimulating factors concentration
in A549 cells supernatant (77). Moreover, new animal studies suggest mechanisms for the
protective role of G-CSF in BPT; however, these mechanisms cannot be generalized to humans.
Therefore, human studies are required for further mechanism detection and finding the best
treatment (78-80).

Binder, A. F. et al. reported that BPT has a higher incidence in the first 3-6 months in patients
using bleomycin and G-CSF together. However, it has a higher incidence in the first 6-9 months
in patients treated with bleomycin alone. This phenomenon suggests that contaminant use of G-
CSF accelerates BPT incidence in BPT susceptible patients (7).

According to three studies, BPT has no adverse effects on survival outcomes, including
progression-free survival (PFS) and overall survival (OS). It is also mentioned that bleomycin
discontinuation has no negative impact on survival outcome; however, a conference abstract
reported lower OS in patients discontinuing bleomycin (28, 46, 53, 54).

The most important limitations of this study lie in the fact that most of the included studies were
uncontrolled and retrospective observational studies on different cancer types and different
chemotherapy regimens, performed in different countries. Also, there is a variety in definition of
BPT and tests performed for BPT diagnosis. However, considering low heterogenicity explained
by an I? of 10.7% and no significant between-subgroup-difference, this limitation could also be a
strength of this study since the results can be generalized to different included cancer types and
regimens. Among Contradictory statements on the presence of G-CSF effect on BPT, which is
crucial in deciding patient treatment strategy, this study is the first systematic review and meta-
analysis trying to pool the evidence and conclude the debate with a final result. The high number
of pooled patients in this study compared to previous studies makes the results more reliable.
However, we suggest future controlled clinical trials to have a broader sight of the obtained
findings.



In conclusion, our findings show a considerable 1.82 relative higher odds in BPT incidence by
concomitant use of G-CSF, which the physicians should consider at the time of G-CSF prescription
besides bleomycin. The choice of not prescribing G-CSF in a susceptible patient could mean lower
side effects and medical costs, and finally, higher patient quality of life.

5. Conclusion:

Results of our study show that concomitant use of colony-stimulating factors and bleomycin
increase the risk of BPT. Subgroup analysis shows no significant differences between different
subgroups,s including Continents (America, Europe, and Asia), cancer types (HL, NHL, and
GCT), type of studies (cohort, clinical trial, and case-control), use of functional pulmonary tests
for BPT diagnosis and cumulative bleomycin dosages. The strategy of not using G-CSF will reduce
patient costs but increase hospitalization time and reduce life expectancy due to febrile
neutropenia. This strategy makes no significant change in QALYand mortality induced by febrile
neutropenia. Overall, it is necessary to consider the points mentioned above in choosing the best
treatment strategy for the patient.
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