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Abstract

Background: Actinomycin-D (Act-D) and Methotrexate (MTX) are both effective first-line agents for low-risk
gestational trophoblastic neoplasia (LRGTN) with no consensus regarding which is more effective or less toxic. The
primary objective of this meta-analysis is to compare Act-D with MTX in the treatment of LRGTN.

Methods: We systematically searched electronic databases, conferences abstracts and trial registries for randomized
controlled trials (RCTs) and high-quality non-randamized controlled trials (non-RCTs), comparing Act-D with MTX for
patients with LRGTN. Studies were full-text screened for quality assessment and data extraction. Eligible studies
must have reported complete remission rate. A fixed-effects meta-analysis was conducted to quantify the efficacy
and safety of Act-D and MTX on odds ratios (ORs) and 95% confidence intervals (95%Cls), respectively.

Results: A total of 8 RCTs and 9 non-RCTs (1674 patients) were included. In terms of efficacy, Act-D is superior to
MTX in complete remission (80.2% [551/687] vs 65.1% [643/987]; OR 2.15, 95%Cl 1.70 to 2.73). In the stratified
analysis, patients from RCTs and non-RCTs both had a better complete remission from Act-D-based regimen (RCTs:
81.2% [259/319] vs 66.1% [199/301], OR 2.17, 95%Cl 1.49 to 3.16; non-RCTs: 79.3% [292/368] vs 65.0% [444/686], OR
2.14,95%Cl 1.57 to 2.92). In terms of safety, patients receiving Act-D had higher risks of suffering nausea (OR 2.35,
95%Cl 1.68 to 3.27), vomiting (OR 2.40, 95%Cl| 1.63 to 3.54), and alopecia (OR 2.76, 95%Cl| 1.60 to 4.75). Notably, liver
toxicity (OR 0.38, 95%Cl 0.19 to 0.76) was the only one that was conformed to have a higher risk for patients
receiving MTX. In addition, the pooled results showed no significant difference of anaemia, leucocytopenia,
neutropenia, thrombocytopnia, constipation, diarrhea, anorexia, and fatigue between Act-D and MTX.
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Conclusions: Our meta-analysis suggests that Act-D had better efficacy profile in general, and MTX had less
toxicities in LRGTN. Future clinical trials should be better orchestrated to provide more valid data on efficacy and

toxicity.
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Background

Gestational trophoblastic neoplasia (GTN) is a spectrum
of interrelated but distinct conditions including invasive
mole, choriocarcinoma, and the rare placental-site and
epithelioid trophoblastic tumor, with metastatic and fatal
potentiality [1]. According to a combined anatomic sta-
ging and modified World Health Organization (WHO)
risk-factor scoring system that adopted by the Inter-
national Federation of Gynecology and Obstetrics
(FIGO) in 2002, GTN with non-metastatic (stage I) and
low-risk metastatic (stages II and III, score <7) are de-
fined as low-risk GTN (LRGTN) [2, 3]. Over several de-
cades, chemotherapy has already become the pivotal
therapeutic strategy for LRGTN when fertility preserva-
tion is desired, with high cure rates estimated to be 80—
100% even in the presence of distant metastasis, al-
though surgical intervention may be required for com-
plications [3-5].

Worldwide, actinomycin-d (Act-D) and methotrexate
(MTX) have long been the first-line agents for LRGTN,
which were first reported to be successful in the treat-
ment of GTN around 1960s [6-8]. Up to now, several
different dosing/cycling regimens for Act-D and MTX
have been studied; however, the efficacy and safety of
both the drug and the regimen is highly inconsistent. In
2016, a Cochrane pairwise meta-analysis by Lawrie et al.
included 7 studies (577 patients) that compared MTX
with Act-D, indicating that Act-D is more likely to be
associated with a higher first-line complete remission
rate than MTX, irrespective of the dosing and cycling.
Low-certainty evidence suggested that there was no sig-
nificant difference in adverse events between Act-D and
MTX; however, the five-day Act-D regimen (5d-IV Act-
D) may cause more mucositis and alopecia than eight-
day MTX-folinic acid regimen (MTX-FA) when dosages
and cycles were considered [9]. To further conduct com-
parisons of these different regimens, Li et al. performed
a network meta-analysis of 7 randomized controlled tri-
als (RCTs) and 4 retrospective studies to compare all
single-agent Act-D-based and MTX-based regimens, and
found that Act-D-based regimens (5d-IV Act-D and IV
Act-D) were more effective than MTX-based regimens.
In contrast, patients treated with MTX-based regimens
had higher probability of suffering gastrointestinal toxic-
ities such as nausea and vomiting [10]. Although

antitumor advantages can be seen from Act-D according
to published meta-analyses, we still cannot draw conclu-
sions of who is safer.

Taken together, previous meta-analyses on efficacy
and safety mainly focused on specific regimens, failing to
cover all regimens. Therefore, a complete picture of effi-
cacy and toxicity related to Act-D and MTX from RCTs
and high-quality non-randomized studies (non-RCTSs) is
warranted. Here, we perform a comprehensive meta-
analysis of 17 studies comparing the efficacy and safety
of Act-D and MTX, with the aim of providing overall ef-
ficacy and safety profiles and aiding decision-making for
patients, clinicians and reference centers.

Methods

The present study was performed in line with the
PRISMA (preferred reporting items for systematic re-
views and meta-analysis) [11].

Data searches and information sources

Two investigators independently searched the medical
databases including PubMed/Medline, Embase,
Cochrane Library and Web of Science for candidate arti-
cles published in English from inception to August 2020,
using the following prespecified search terms and their
combinations: ‘gestational trophoblastic disease’, ‘gesta-
tional trophoblastic neoplasia’, ‘gestational trophoblastic
tumor’, ‘gestational trophoblastic neoplasm’, ‘invasive
mole’, ‘choriocarcinoma’, ‘low risk’, ‘actinomycin-D’,
‘Act-D’, and ‘methotrexate’, and ‘MTX'. After computer-
ized searching, the clinical trial registries (www.clinical-
trials.gov), conference proceedings, reviews and meta-
analyses were also examined for potentially relevant
publications that omitted in initial literature retrieval.
The reviewers then assessed the full text and relevant ar-
ticles cited as references to include any that met criteria
for eligibility in the quantitative synthesis. Figure 1 pre-
sents the study selection flowchart.

Eligibility criteria for study selection

Inclusion criteria were prespecified according to the
published meta-analyses [9, 10]. Eligible studies were
RCTs and non-RCTs comparing an Act-D-based regi-
men directly to a MTX-based regimen for first-line
treatment of LRGTN patients which were defined based
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Records identified through database
search (n=755)

> Records.excluded due to
duplicates (n=12)

\ 4

Records after duplicates
removed (n=743)

—

Records after full-text

Records excluded after title
\ 4 and abstract screening
(n=499)

screening (n=244)

Studies included in the

network meta-analysis

Articles excluded after full-text screening (n=227)
> (1) Low-risk GTN patients with first-line drug failure (n=10)
(2) High-risk GTN patients (n=64)
(3) GTN patients without risk scoring (16)
V (4) Retrospective study without case control (n= 103)
(5) Reviews and meta-analysis (n=18)
(6) Case reports (n=16)

(8 RCTs, 9 non-RCTs)

Fig. 1 The flow diagram of the selection process for studies included in the present meta-analysis

on the FIGO/WHO 2000 scoring system or other scor-
ing criteria that proven to be reliable. For clinical out-
comes, proportion of individuals who developed
complete remission should be reported to assess the effi-
cacy of drugs. The included studies should provide in-
formation about the characteristics of patients and if
they were matched for potentially confounding variables
in each treatment group. To identify studies from the
same cohort or institution, only the most recent or the
most informative publication was included. We did not
exclude retrospective studies because of the exiguity of
RCTs of GTN. We excluded conference abstracts, post-
ers, and presentations of ongoing RCTs because these
brief reports did not contain detailed data.

Data extraction and definitions

Two authors independently evaluated the main text and
supplementary materials to extract detailed data on the
first author, year of publication, country of origin, study
design, total number of patients, number of patients in
efficacy and safety analysis, arms and chemotherapy regi-
mens, and the frequency of complete remission and spe-
cific adverse events. Complete remission rate was
selected as the primary outcome and based on the num-
ber of patients who reached complete remission and the
total number of patients who received treatment. We
used odds ratios (ORs) and 95% confidence intervals
(95%Cls) as summary statistics to quantify the efficacy

and toxicity in this meta-analysis. We selected toxicities
that were evaluated using the Common Terminology
Criteria for Adverse Events (CTCAE), WHO, and Gyne-
cologic Oncology Group (GOG) toxicity criteria. In
addition, few studies that did not mention the methods
for collecting adverse events, possibly depending on in-
vestigators’ evaluation or self-reporting by patients, were
also included. Regardless of the adverse event grading,
general safety was used to indicate the overview of the
toxicities without distinguishing between their specific
classifications. Proportion of patients with specific toxic-
ities was used to quantity the safety of the agents.

Quality assessment

We assessed the risk of bias for individual RCTs based
on the original study and supplementary materials by
adopting the Cochrane Risk of Bias Tool which includes
the following domains: random sequence generation, al-
location concealment, blinding method, assessment of
outcomes, and reporting of results. Each item was asso-
ciated with the risk of bias classified as yes, no or unclear
[12]. The modified Jadad scale was implemented to score
the method quality of included RCTs. Four points and
over of the modified Jadad score indicate high quality of
method, and three points and under mean low quality
[13]. Unfortunately, there is no universal method to
evaluate quality in non-RCTs. For the purposes of as-
sessment of risk bias in non-RCT studies, we decided to
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use the modified methodological index for non-
randomised studies (modified MINORS), which was
adopted in the published study [14, 15]. We did not ex-
cluded studies based on a Jadad score and the modified
MINORS for overall quality. All discrepancies in data
searches, study selection, data extraction, and quality as-
sessment were resolved by consensus and in consult-
ation with a third author (An).

Data synthesis

In this meta-analysis, ORs and 95%ClIs were used as
summary statistics to quantify the efficacy and toxicity
of Act-D and MTX. ORs greater than one represented a
treatment benefit favoring Act-D and a safety profile dis-
favoring Act-D. We generated the pooled ORs and
95%ClIs of complete remission and all-grade adverse
events. RCTs and non-RCTs were first analyzed con-
junctively using subgroup analyses, and then separated
using a fixed-effects model. This allowed us to see the
contrasts between the results of RCTs with those of
non-RCTs, and made possible data combination of
RCTs and non-RCTs to obtain pooled estimates. We
first used the fixed-effects model to merge the data,
otherwise the random-effects model was applied in case
of significant between-trial heterogeneity variances
which were quantified using the I* inconsistency test
[16]. The heterogeneity was regarded as substantial if
the I* was greater than 50%. Forest plots were con-
structed to provide graphical presentations for all meta-
analyses. In addition, we conducted sensitivity analyses
to assess the stability of results by using the leave-one-
out method wherein the line in horizontal box plot indi-
cated the result for all studies. The publication bias was
assessed using Begg’s adjusted rank correlation test (Z-
statistics) [17] and quantified by Egger’s linear regression
test (t-statistics) [18], and illustrated using the funnel
plots. Stata version 11.0 (Stata Corporation, College Sta-
tion, TX, USA) was used to perform all the meta-
regression and subgroup analysis of ORs. All statistical
tests were two-sided and the Pvalue threshold for statis-
tical significance was set at 0.05 for effect sizes.

Results

Studies selection and characteristics

After full-text screening, we ultimately included 17 stud-
ies that met the eligibility criteria in the present analysis:
8 RCTs [6, 19-25] and 9 non-RCTs [26—34]. The flow
diagram in Fig. 1 details the selection process. Table 1
summarizes main features regarding all included studies.
Given the context that GTN is rare and reference cen-
ters have preferred chemotherapy protocols, only one
study was a multi-nation trial amongst the 8 RCTs. In
addition, 11 studies were done in Asia countries, 3 came
from Brazil, and 2 were from U. S and Netherlands,
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respectively. Differing from the published network meta-
analysis, the definition of LRGTN in the included studies
was based on either FIGO/WHO 2000 scoring system or
the Hammond criteria. For the meta-analysis of first-line
and single-agent regimens, studies comparing the use of
Act-D-based regimen (5d-IV Act-D and pulsed IV Act-
D) with MTX-based regimen (5d-IV MTX, 5d-IM MTX,
w-IM MTX, and MTX-FA) were included. 15 studies
contained one group of comparison: MTX or MTX/FA
vs Act-D. Two non-RCTs reported three drug groups in-
cluding MTX, MTX/FA, and Act-D. We divided the
three drugs into two groups of comparisons in the ana-
lysis: MTX vs Act-D and MTX/FA vs Act-D. A total of
1674 patients were included in the meta-analysis. Eight
RCTs contributed 620 cases, 319 and 301 of them allo-
cated in the Act-D group and MTX group, respectively.
In the analysis of non-RCTs, 1054 patients were in-
cluded, 368 received Act-D-based treatment, whereas
686 patients received MTX-based treatment.

Assessment of risk of bias

Table 2 depicts the results of quality assessment. Modi-
fied Jadad scale indicated that 8 RCTs were high quality
with scores ranging from 4 to 7. Most RCTs suffered
from methodologic weaknesses frequently seen in alloca-
tion concealment and blinding method domains. The
treating physicians or the patients in most studies were
not blinded to the allocated regimens because of inher-
ent complexity of blinding between groups. The treat-
ment assignments were also not concealed from
institutions because of preferred regimens. Only one
RCT did not mention the randomization of intervention
[21]. All RCTs identified key outcomes that have been
reported for first-line, single-agent chemotherapy for
LRGTN patients, and were free of selective reporting.
Table 3 presents the assessment of all non-RCTs. The
modified MINORS score of the included non-RCTs
ranged from 11 to 16. In general, they are all retrospect-
ive studies with nature drawbacks in prospective data
collection, with the exception of one prospective study
that could yield data prospectively. The detailed features
of these two quality assessment tools can be accessed
through the published articles.

Meta-analysis for efficacy profile

The upfront drug-based meta-analysis was conducted to
compare the proportion of complete responders to Act-
D-based regimen and MTX-based regimen. The overall
analysis demonstrated that Act-D-based regimen is su-
perior to MTX-based regimen in complete remission
(80.2% [551/687] vs 65.1% [643/987]; OR 2.15, 95%CI
1.70 to 2.73), although there was substantial variation
between the results of the individual studies (I* = 59.7%,
P =0.000). When the random-effects model was applied,
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Author (year) Region Type Actinomycin D-based regimen Methotrexate-based regimen
Treatment No. CR Treatment No. CR
Kang (2019) China RCT  Act-D, IV, 10 ug/kg daily for 5 days 49 43 MTX, IM, 04 mg/kg daily for 5 days 49 41
Yarandi (2016)  Iran RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 30 24 MTX, IV, 0.4 mg/kg daily for 5 days 32 25
mg/m2 biweekly
Shahbazian Iran RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 15 13 MTX, IM, 40 mg/m2 weeklyMTX, IM, 40 15 8
(2014) mg/m?2 biweekly mg/m2 weekly
Mousavi (2012)  Iran RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 50 45 MTX, IM, 04 mg/kg daily for 5 days 25 17
mg/m2 biweekly
Lertkhachonsuk  Thailand RCT  Act-D, IV, 10 pug/kg daily for 5 days 20 20 MTX, IM, 1 mg/kg on days 1, 3, 5 and 19 14
(2009) 7+FA, IM, 0.1 mg/kg on days 2, 4, 6
and 8
Osborne (2011)  Multi- RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 109 76  MTX, IM, 30 mg/m2 weeklyMTX, IM, 30 107 57
nation mg/m?2 biweekly mg/m2 weekly
Gilani (2005) Iran RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 18 16 MTX, IM, 30 mg/m2 weeklyMTX, IM, 30 28 14
mg/m2 biweekly mg/m?2 weekly
Schink (2020) us. RCT  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 28 22 MTX, IV, 04 mg/kg daily for 5 days 26 23
mg/m2 biweekly
Verhoef (2017)  Netherlands Non- Act-D, IV, 1.25-2 mg/m2 biweeklyAct-D, IV, 1.25- 34 29 MTX, IM, 50 mg biweekly 4 1
RCT  2mg/m2 biweekly
Al-Husaini Arabia Non-  Act-D, IV, 1.25 mg/m2 biweekly or Act-D, IV, 0.5 23 20 MTX, IM, 1 mg/kg weekly or MTX, IM, 1 73 39
(2014) RCT  mg daily for 5daysAct-D, IV, 1.25 mg/m2 bi- mg/kg on days 1, 3,5 and 7
weekly or Act-D, IV, 0.5 mg daily for 5 days
Uberti (2015) Brazil Non-  Act-D, IV, 1.25-2 mg/m2 biweekly 79 53 MTX, IM, 1 mg/kg on days 1, 3, 5 and 115 87
RCT 7+FA, Oral, 15mg on days 2, 4, 6 and
8
Abrao (2008) Brazil Non-  Act-D, IV, 12 ug/kg daily for 5 days 42 30 MTX, IM, 20 mg/m2 daily for 5 daysMTX, 42 29
RCT IM, 20 mg/m?2 daily for 5 days
Yarandi (2008) Iran Non-  Act-D, IV, 1.25 mg/m2 biweeklyAct-D, IV, 1.25 50 45 MTX, IM, 30 mg/m2 weeklyMTX, IM, 30 81 39
RCT  mg/m2 biweekly mg/m2 weekly
Baptista (2012)  Brazil Non-  Act-D, IV, 12 ug/kg daily for 5 days 20 18 MTX, IM, 50 mg + FA, oral, 15mg, for8 20 10
RCT days
Lee (2017) South Non-  Act-D, IV, 1.25 mg/m2 biweekly or Act-D, IV, 18 15 MTX, IM, 1 mg/kg on days 1, 3, 5 and 53 33
Korea RCT 12 pg/kg daily for 5 days 7+FA, IM, 0.1 mg/kg on days 2, 4, 6
and 8 or MTX, IM, 50 mg/m2 weekly
Matsui (2005) Japan Non-  Act-D, IV, 8.5-10ug/kg daily for 5 days 26 20 MTX, IM, 0.35-04 mg/kg daily for 5days 133 91
RCT
Matsui (2005) Japan Non-  Act-D, IV, 8.5-10ug/kg daily for 5 days 26 20 MTX, IM, 0.85-1 mg/kg on days 1, 3, 5 24 14
RCT and 7+ FA, IM, 85-100ug/kg on days 2,
4.6 and 8
Matsui (1998) Japan Non-  Act-D, IV, 8.5-10ug/kg daily for 5 days 25 21 MTX, IM, 035-04 mg/kg daily for 5days 121 89
RCT
Matsui (1998) Japan Non-  Act-D, IV, 8.5-10ug/kg daily for 5 days 25 21 MTX, IM, 0.85-1 mg/kg on days 1, 3,5 20 12
RCT and 7+ FA, IM, 85-100ug/kg on days 2,

4.6 and 8

CR Complete remission, RCT Randomized controlled trials, non-RCT non-randomized studies, Act-D Actinomycin-d, MTX Methotrexate, IM Intramuscular,

IV Intravenous

the superiority of complete remission seen for Act-D-
based regimen remained (OR 2.51, 95%CI 1.63 to 3.86).
In the stratified analysis, we grouped studies with RCTs
and non-RCTs separately. In RCTs, Act-D-based regi-
men showed a significant advantage in complete remis-
sion (81.2% [259/319] vs 66.1% [199/301]; OR 2.17,
95%CI 1.49 to 3.16) with no evidence of heterogeneity

(I =41.4%, P=0.103). For patients in non-RCTs, there
was also a better complete remission from Act-D-based
regimen (79.3% [292/368] vs 65.0% [444/686]; OR 2.14,
95%CI 1.57 to 2.92). Although the relationship was in-
consistent across studies (I> =69.4%, P =0.000), the re-
sults did not change significantly when the random-
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Table 2 Quality assessment of the 8 randoized controlled trials for the meta-analysis

Study Adequate random Allocation Blinding Adequate assessment of  Free of selective  Modified
sequence generation concealment method each outcome reporting Jadad score

Kang (2019) Y U u Y Y 5

Yarandi (2016) Y Y Y Y Y 7

Shahbazian U U U Y Y 4

(2014)

Mousavi (2012) Y 5

Lertkhachonsuk Y 5

(2009)

Osborne (2011) Y N Y Y 5

Gilani (2005) Y Y 5

Schink (2020) Y Y 5

U Unclear, Y Yes, N No

effects model was applied (OR 2.77, 95%CI 1.47 to 5.21)
(Fig. 2 and Fig. S1).

Meta-analysis for hematological toxicities

Figure 3 detailed the hematological toxicities of Act-D-
based regimen and MTX-based regimen. The overall
analyses did not show the significant difference of an-
aemia (OR 1.36, 95%CI 0.80 to 2.34; I> =0.0%, P=
0.361), leucocytopenia (OR 1.06, 95%CI 0.58 to 1.94;
I> =0.0%, P =0.678), neutropenia (OR 1.14, 95%CI 0.65
to 2.01; I* = 25.2%, P = 0.253), and thrombocytopnia (OR
1.52, 95%CI 0.71 to 3.26; I> = 31.8%, P =0.209) for each
one of the groups with no significant between-study het-
erogeneity. From the supplementary materials (Table 4),
the pooled incidence of anaemia (35.7% vs 29.1%),

neutropenia (12.0% vs 9.8%), and thrombocytopnia (7.3%
vs 4.1%) for Act-D-based regimen was higher than those
for MTX-based regimen, whereas the incidence of leuco-
cytopenia (13.2% vs 13.0%) for MTX-based regimen was
slightly higher than that for Act-D-based regimen; how-
ever, these results were not reported in the previous net-
work meta-analyses for LRGTN [9, 10]. Further details
of subgroup analyses for all toxicities are available in
Figs. 3, 4 and 5 and supplementary materials (Fig. S2
and S3).

Meta-analysis for gastrointestinal toxicities

The overall analyses of gastrointestinal toxicities are
shown in Fig. 4. The pooled results demonstrated that
there was no significant difference of constipation (OR

Table 3 Modified MINORS scores of all eligible non-randomised comparative studies in this meta-analysis

Study Consecutive Prospective data Reported Unbiased Appropriate Contemporary Groups Sample Score
patients collection end-points  outcome controls groups equivalent size
evaluation

Verhoef 2 0 2 1 2 2 1 1 11
(2017)

Al-Husaini 2 0 2 1 2 2 1 1 11
(2014)

Uberti 2 0 2 1 2 2 2 1 12
(2015)

Abrao 2 0 2 2 2 2 2 2 14
(2008)

Yarandi 2 0 2 2 2 2 2 2 14
(2008)

Baptista 2 2 2 2 2 2 2 2 16
(2012)

Lee (2017) 2 0 2 1 2 2 1 1 11
Matsui 2 0 2 1 2 2 1 1 11
(2005)

Matsui 2 0 2 1 2 2 1 1 11

(19998)
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Subtotal (I-squared = 41.4%, p = 0.103)

Non-RCT
Verhoef (2017)

1
I
!

Study Events, Events, %
ID OR (95% Cl) Act-D  MTX Weight
RCT i
Kang (2019) T 1.40 (0.45, 4.38) 43/49 41/49 5.25
Yarandi (2016) — 1.12(0.33, 3.82) 24/30 25/32 5.06
Shahbazian (2014) f——%——— 569 (0.94,34.46) 13/15 8/15 1.12
Mousavi (2012) —_—— 4.24 (1.21,14.77) 45/50 17/25 2.37
i
Lertkhachonsuk (2009) +5-556-80, 303.79) 20/20 1419 0.37
Osborne (2011) —— 2.02 (1.16, 3.53) 76/109 57/107 18.22
Gilani (2005) ——<&—— 8.00 (1.54, 41.49) 16/18 14/28 1.27
Schink (2020) —_— 0.48 (0.11, 2.15) 22/28 23/26 5.35

746 .50, 202.47)

Al-Husaini (2014) - = 5.81(1.59,21.28)  20/23 39/73 2.55
Uberti (2015) —— ! 0.66 (0.35, 1.24) 53/79 87/115 24.39
Abrao (2008) —_— 1.12 (0.44, 2.86) 30/42 20/42 8.67
Yarandi (2008) | —F—  969(349,2692)  45/50 39/81 B.11
Baptista (2012) ———%——— 0.00(1.64,49.45)  18/20 10/20 1.05
Lee (2017) ——— 3.03(0.78,11.79)  15/18 33/53 2.92
Matsui (2005) —_—— 1.54 (0.58, 4.11) 20/26 91/133 7.18
Matsui (2005) —_— 2.38 (0.70, 8.07) 20/26 14/24 3.51
Matsui (1998) ——— 1.89 (0.60, 5.92) 21/25 89/121 5.10
Matsui (1998) 350 (0.87,14.11)  21/25 12/20 2.23
Subtotal (I-squared = 69.4%, p = 0.000) : 214 (1.57,2.92)  292/368444/686 60.99
1
Overall (I-squared = 59.7%, p = 0.000) & 2.15(1.70,2.73)  551/687643/987100.00

2.17 (1.49, 3.16) 259/319199/301 39.01

29/34 1/4 0.28

.00]329 Favoring MTX 1

Favoring Act-D 3(1)4

Fig. 2 Comparisons of ORs according to drugs and study type (fixed-effects model)

0.92, 95%CI 0.44 to 1.90; I> =0.0%, P =0.812) and diar-
rhea (OR 0.82, 95%CI 0.49 to 1.38; I* = 49.1%, P = 0.097)
between Act-D-based regimen and MTX-based regimen,
with no evidence of between-study heterogeneity. The
pooled incidence of constipation (23.9% vs 17.3%) for
Act-D-based regimen was higher than that of MTX-
based regimen; however, MTX-based regimen had a
higher incidence of diarrhea (10.1% vs 9.4%) than Act-
D-based regimen (Table 4). For patients receiving Act-
D-based regimen, there were significant higher risks of
suffering nausea (OR 2.35, 95%CI 1.68 to 3.27) and
vomiting (OR 2.40, 95%CI 1.63 to 3.54), whereas there
was moderate evidence of heterogeneity among the stud-
ies (nausea I> =73.2%, P =0.000; vomiting I* =55.9%,
P =0.020). When the random-effects model was applied,
the pooled data changed significantly for nausea (OR
2.32, 95%CI 0.98 to 5.46) and vomiting (OR 1.85, 95%CI
0.88 to 3.89) (Fig. S2). In line with the results from
fixed-effects model, pooled incidences of nausea (41.2%
vs 19.9%) and vomiting (21.1% vs 9.6%) for Act-D-based
regimen were higher than those for MTX-based regimen
(Table 4).

Meta-analysis for toxicities from other systems

We selected four toxicities that were categorized into
other systems. A significant higher risk for the Act-D-
based regimen of developing alopecia (OR 2.76, 95%CI

1.60 to 4.75) was found in the meta-analysis, although
there was a moderate heterogeneity among studies (I> =
59.9%, P=0.021) (Fig. 5). However, the pooled result
(OR 3.01, 95%CI 1.02 to 8.86) did not change signifi-
cantly when the random-effects model was applied (Fig.
S3). Similarly, pooled incidence of alopecia for Act-D-
based regimen was 29.7%, which was higher than that of
MTX-based regimen (9.2%) (Table 4). On the contrary,
no significant differences appeared in anorexia (OR 1.38,
95%CI 0.58 to 3.29; I* =39.6%, P=0.191) and fatigue
(OR 1.04, 95%CI 0.59 to 1.82; I* = 0.0%, P = 0.776), even
if higher pooled incidences of anorexia (10.0% vs 6.5%)
and fatigue (62.7% vs 54.5%) were observed in Act-D-
based regimen. Notably, liver toxicity (OR 0.38, 95%CI
0.19 to 0.76; I* = 0.0%, P =0.555) was the only one that
was conformed to have a higher risk for patients receiv-
ing MTX-based regimen, which was consistent with the
pooled incidence (12.6% for MTX-based regimen vs
4.9% for Act-D-based regimen) (Fig. 5 and Table 4).

Sensitivity analysis and publication bias

Sensitivity analyses were conducted to evaluate the sta-
bility and reliability of the pooled ORs (for complete re-
mission and toxicities). As shown in Fig. S4, S5, S6 and
S7, the horizontal box plots of leave-one-out method re-
vealed that ORs of anaemia and anorexia were seemingly
influenced by a single study. We, therefore, carried out
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Fig. 3 Forest plots of pooled ORs for anaemia (A), leucopenia (B), neutropenia (C), and thrombocytopenia (D) (fixed-effects model)

subgroup analyses according to the study type, which
showed no significant difference among the RCTs and
non-RCTs for anaemia and anorexia. The pooled ORs
for anaemia were similar for RCTs (OR 1.28, 95%CI 0.74
to 2.22) and non-RCTs (OR 5.54, 95%CI 0.25 to 123.08)
(Fig. 3). Similar result was obtained for anorexia (RCTs:
OR 141, 95%CI 045 to 4.40; non-RCTs: OR 1.32,
95%CI 0.34 to 5.17) (Fig. 5). Furthermore, we assessed
the publication bias of included studies using funnel

plots and Begg’s adjusted rank correlation test. For ORs,
the funnel plots exhibited a symmetrical distribution, in-
dicating the absence of publication bias, which was fur-
ther confirmed with the Begg’s adjusted rank correlation
test (P> 0.05) (Fig. S4, S5, S6, S7 and Table S1).

Discussion
Act-D and MTX act through distinct anti-tumor mecha-
nisms and should be compared with regards to efficacy
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Table 4 Pooled incidences of selected toxicities
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Adverse events Studies(t) Act-D-based regimen (n = 687) MTX-based regimen (n =987)
Patients(n,/n,) % Patients(n,;/n,) %
Hematologic disorders
Anemia 2 46/129 357 37/127 29.1
Leucocytopenia 3 27/208 130 24/182 13.2
Neutropenia 5 31/259 12.0 26/264 9.8
Thrombocytopnia 5 18/248 73 9/221 4.1
Gastrointestinal disorders
Constipation 3 32/134 239 19/110 173
Diarrhea 5 29/308 94 35/348 10.1
Nausea 9 167/405 412 85/427 19.9
Vomiting 9 92/436 211 43/449 9.6
Others
Alopecia 7 69/232 29.7 19/207 92
Anorexia 3 13/130 10.0 9/138 6.5
Fatigue 3 84/134 62.7 60/110 54.5
Liver toxicity 5 11/223 4.9 28/223 126

Act-D Actinomycin D, MTX Methotrexate, t The number of studies reporting the toxicity, n Total number of enrolled patients, n7 The number of patients with

adverse events, n2 the total number of patients from studies reporting the toxicity

and safety. With the paucity of comprehensive compari-
sons of therapeutic effectiveness and toxicity for the two
drugs as first-line chemotherapy for LRGTN patients,
we included 8 RCTs and 9 non-RCTs (1674 patients) in
present meta-analysis. Given that LRGTN patients who
like to preserve their fertility would firstly receive single-
agent chemotherapies, such as Act-D and MTX, and
these agents have several dosing/cycling options, our
study regarded all Act-D-based and MTX-based regi-
mens as one entity, respectively [3, 4]. Similar to obser-
vations from previous meta-analysis investigating the
efficacy of Act-D and MTX [9, 10], our results con-
firmed that Act-D had greater superiority in terms of
complete response than MTX, irrespective of dosage
and cycle. Of note, we have obtained some unique find-
ings that some toxicities such as nausea, vomiting, and
alopecia are more common in LRGTN patients treated
with Act-D-based regimens, and liver toxicities were
more commonly associated with MTX-based regimens.
However, a previous net-work meta-analysis by Li et al.
found that nausea and vomiting were more frequently
observed in 5d-IM MTX regimen, which was inconsist-
ent with our results [10]. With a tailored study design in
which LRGTN patients diagnosed according to the
Hammond criteria were also included, our pair-wise
meta-analysis included more studies and patients, and
gave more comprehensive comparisons. Accordingly, the
present meta-analysis will aid reference centers and pa-
tients to select more effective agents and optimize tox-
icity management for patients with LRGTN.

Patients with GTN are now identified as a lucky group
that have preferable responses to chemotherapy. The
prognosis has significantly improved over the past de-
cades from almost hopeless to a new situation in which
the majority of the GTN patients can achieve complete
remission, even if a metastatic condition exists. Particu-
larly, LRGTN patients may more likely yield better cure
rates to single-agent regimens such as Act-D and MTX,
with resulting survival rates approaching 100% [3-5].
Currently, Act-D and MTX have been administered in
various regimens with different dosages and cycles,
which have been proposed by different reference centers.
Although RCTs and retrospective studies have investi-
gated different regimens of Act-D and MTX, there is
still no universal consensus on the optimal dosing and
cycling for both Act-D and MTX, which was reflected in
variability of complete remission rates in different stud-
ies. From an overall perspective, our study is an oppor-
tunity to move away from comparisons that have
centered on specialized regimens, to focus more on the
entity instead. The results of our analysis indicated that
Act-D-based regimens are more effective than MTX-
based regimens as first-line chemotherapy for LRGTN
patients. Given the fact that GTN is a rare disease and a
limited number of patients are available for randomized
clinical studies [35], we included both RCTs and non-
RCTs to pool the data. Impressively, stratified analysis
showed that pooled OR for complete remission of RCT's
was similar to that of non-RCTs, although the quality as-
sessment indicated some methodologic defects of nature
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Fig. 4 Forest plots of pooled ORs for constipation (A), diarrhea (B), nausea (C), and vomiting (D) (fixed-effects model)

for non-RCTs. With this small effort, both randomized
trials and nonrandomized or retrospective studies are
warranted, and should be better orchestrated for LRGT
N patients, to not only share valuable clinical experi-

ences but also explore more possibilities of treatment.

Since the overwhelming majority of LRGTN patients
have been able to attain complete remission from first-

line single-agent chemotherapy and drug resistances
could be successfully salvaged, the ideal drugs and regi-
mens for LRGTN are considered to be minimizing toxic-
ities and maximizing efficacy [34]. Of the toxicities

reported in the included studies, a substantial proportion

were hematological and gastrointestinal, and the remain-
der were a mixture that affected other organs. As for
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Fig. 5 Forest plots of pooled ORs for alopecia (A), anorexia (B), fatigue (C), and liver toxicity (D) (fixed-effects model)
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hematological toxicities, the forest plots of ORs did not
demonstrate differences between Act-D and MTX, but
the pooled incidences of anaemia, neutropenia, and
thrombocytopenia for Act-D were slightly higher, with
the exception of leucocytopenia. Myelosuppression of
Act-D was not merely seen in GTN patients. One study
found that 39% of the breast cancer patients who had re-
ceived Act-D chemotherapy suffered mild to moderate
myelosuppression [36]. However, Act-D was commonly

used for GTN patients and relatively less-used for other
tumors, particularly highlighting the importance of man-
aging hematological toxicities of Act-D in GTN patients.
In terms of gastrointestinal toxicities, patients treated
with Act-D significantly suffered more nausea and
vomiting, which was confirmed by the forest plots and
pooled incidences. However, the network meta-analysis
by Li et al. suggested that Act-D was less toxic than
MTX, although some Act-D-based regimens seemingly
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lost favor because of nausea and alopecia according to
previous studies [37]. In addition, alopecia and anorexia
were more frequently seen in patients treated with Act-
D, indicating that Act-D may affect skin and nutrition
metabolism. Although the toxicities are clearly linked
with additional disease and financial burden [38], some
studies did not report toxicity data and there were only
12 included studies explored the toxic effects of Act-D
and MTX. Therefore, comprehensive characterization of
toxicities would be needed for recognizing adverse
events and enhancing life quality in the future clinical
studies [39].

Patients with LRGTN have the option to start a well-
tolerated single-agent regimen such as MTX and Act-D
which will help achieve a complete remission. With
many options of cytotoxic drugs in the clinical practice,
choosing drugs based on efficacy, toxicity, and cost can
strive for the maximum benefit for patients. According
to this meta-analysis, MTX was more commonly used as
initial treatment for LRGTN patients than Act-D. How-
ever, about 10% of LRGTN patients develop chemoresis-
tance or relapse after initial chemotherapy [40]. MTX
resistance has been successfully treated with single-agent
regimens using Act-D which is the most commonly rec-
ommended choice because of its reliable curative effect.
However, scaling up to Act-D from MTX would lead to
more toxicity profiles, particularly nausea, vomiting, and
alopecia. Some other single-agent regimens such as eto-
poside, carboplatin, and fluorouracil could also be a
second-line attempt to salvage MTX resistance instead
of Act-D. Given the rarity of GTN and the relative effi-
cacy and safety of Act-D, a clinical trial comparing
second-line Act-D with other single-agent regimens is
unlikely. Although the complete remission rates were
significantly higher in etoposide-based regimens than in
MTX-based and Act-D-based regimens in some studies
[34], secondary malignancies associated with etoposide,
especially leukemia, have been reported [34, 41]. Accord-
ing to toxicity data of included studies in this meta-
analysis, no case of secondary malignancies has been ob-
served in 987 and 687 patients treated with MTX and
Act-D, respectively. Thus, second-line chemotherapy
with Act-D among LRGTN has been regarded as a pref-
erable attempt after MTX resistance. In order to reduce
exposure to single-agent regimen with greater toxicity
and combination chemotherapy, cancer centers should
adopt more reasonable medication plan and manage-
ment approach to deal with short-term and long-term
side-effects, though the long-term toxicity of these drugs
is difficulty to assess.

Some limitations of this meta-analysis should be
stated. First, heterogeneity between the included studies
was generally present in this meta-analysis, manifesting
in the difference of drug dosages and cycles, criteria for
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defining complete response, pretreatment beta-hCG
level, FIGO score, and follow-up time. However, sub-
group analyses stratified by these factors were not pos-
sible because of unavailable information. Retrospective
design of some studies was the inherent bias, while the
results of subgroup analysis for complete remission were
consistent with the pooled result that obtained from all
studies. Second, the choice between a fixed-effect and
random-effect model should not be solely based on a
heterogeneity test, but one should choose the model fit-
ting the sampling frame. When fixed-effect model was
employed, it’s assumed that the true effect size of Act-D
versus MTX is not differ from study to study. However,
it's probably not true unless all the studies are based on
the same population. Conclusions drawn from pooled
estimates using fixed-effect models are only true among
the studies included in the meta-analyses, but would not
be generalized beyond the population included in the
analysis. Third, adverse events data were collected and
graded according to different criteria, including CTCAE,
WHO, and Gynecologic Oncology Group toxicity cri-
teria. Few studies did not mention the methods or cri-
teria for collecting adverse events, possibly depending on
investigators’ evaluation or self-reporting by patients.
Additionally, some treatment-related adverse events
were not fully reported, we therefore could not make
analyses for the toxicities. For some toxicities, sample
sizes included in analyses are very small and indicates,
therefore, a potential limitation when evaluating drug
safety profile. Fourth, most of the studies have been per-
formed by Asian and Latin America institutions, limiting
the interpretation of the results for western populations.
Fifth, the meta-analysis was based on summary data ex-
tracted from published articles and not on individual pa-
tient data. Finally, meta-analysis is inherently
observational and it is possible that the results are af-
fected by unmeasured cofounding factors.

Conclusion

In this meta-analysis, clinical differences in efficacy and
safety exist among Act-D and MTX for patients with
LRGTN. We found that Act-D-based regimen has better
efficacy profile in general, and MTX-based regimen was
associated with less toxicities. These findings could
optimize current treatment management and enhance
future study design for LRGTN.
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