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Abstract
Objective  This study aimed to evaluate the efficacy and toxicity of 4-day chemotherapy with methotrexate, etoposide, and 
actinomycin D (MEA) for patients who were diagnosed with choriocarcinoma and high-risk gestational trophoblastic neo-
plasia (GTN).
Methods  Between January 1999 and December 2015, 29 patients were treated with 4-day MEA after being diagnosed with 
choriocarcinoma or high-risk GTN. Complete remission to 4-day MEA and adverse effects were retrospectively evaluated.
Results  The complete remission rates were 79.3% (23/29) and 87.5% (21/24) in all patients and in those who received 4-day 
MEA as first-line therapy, respectively. Of six patients who developed drug resistance to 4-day MEA, three patients showed 
complete remission by other treatments, while the other three patients died of the disease. The major adverse effects were 
leukocytopenia, anemia, and nausea. Of 23 patients who were cured with 4-day MEA, treatment was changed to the etopo-
side and actinomycin D (EA) regimen in 14 patients, because of leukocytopenia, hepatotoxicity, and stomatitis. Among 20 
patients who required hormonal therapy, 15 patients showed normal menstrual cycles after therapy. Five patients had nine 
conceptions (seven term live births and two spontaneous abortions). No babies were premature or had low birth weight nor 
did they have congenital anomalies.
Conclusion  The results suggest that the efficacy and the adverse effects of 4-day MEA for choriocarcinoma and high-risk 
GTN may be the same level as EMA/CO. However, further study will be needed for determining the criteria of changing the 
treatment regimen from 4-day MEA to the EA regimen.
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Introduction

Multi-agent chemotherapy is necessary for treating chorio-
carcinoma, and etoposide, methotrexate and actinomycin D, 
alternating with cyclophosphamide and vincristine (EMA/

CO) [1–7], and methotrexate, etoposide and actinomycin D 
(MEA) [8–10] are widely accepted as first-line treatment 
regimens for choriocarcinoma and high-risk gestational 
trophoblastic neoplasia (GTN). The remission rates after 
treatment with these regimens are similar [1–11]. How-
ever, adverse effects due to chemotherapy should also be 
considered as an aspect of the patient’s health. EMA/CO is 
more commonly used worldwide than MEA, but the indi-
vidual efficacy of cyclophosphamide or vincristine for GTN 
is unclear [8, 9]. The advantage of administering MEA is 
the use of three drugs, any one of which will be effective 
for GTN. Three protocols of MEA have been reported with 
different doses of drugs and for different number of days: 
“5-day MEA” (methotrexate 450 mg/body on day 1, etopo-
side 100 mg/body on days 1–5, and actinomycin D 0.5 mg/
body on days 1–5; every 14–21 days) [8], “2-day MEA” 
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(methotrexate 300 mg/m2 on day 1, etoposide 100 mg/m2 on 
days 1–2, and actinomycin D 12 μg/kg on days 1–2; every 
14–21 days) [9], and “M/EA” (methotrexate 300 mg/m2 
on day 1, etoposide 100 mg/m2 on days 9–11, and actino-
mycin D 0.5 mg/body on days 9–11; every 18 days) [10]. 
Since 1999, our institution has been treating patients with 
choriocarcinoma and high-risk GTN with “4-day MEA”, a 
shortened regimen of 5-day MEA, to reduce severe adverse 
effects. Therefore, in this study, we evaluated the efficacy 
and toxicity of 4-day MEA treatment for patients with cho-
riocarcinoma and high-risk GTN.

Materials and methods

Patients

Twenty-nine patients who were treated with 4-day MEA 
at Nagoya University Hospital between January 1999 and 
December 2015 after being diagnosed with choriocarci-
noma pathologically or high-risk GTN clinically [12] were 
included in the study. The exclusion criteria were having 
never been pregnant, diagnosis of non-gestational cho-
riocarcinoma using deoxyribonucleic acid analysis, and 
transferring to other hospitals before the completion of 
the treatment. Pathological diagnosis was possible when 
patients underwent surgery or biopsy and their pathologi-
cal specimens were analyzed. Patients who did not undergo 
any surgery were diagnosed clinically as GTN and classified 
into high risk according to the International Federation of 
Gynecology and Obstetrics (FIGO) 2000 staging and risk 
factor scoring system for GTN [12]. Before treatment, all 
patients underwent physical examinations, serum human 
chorionic gonadotropin (hCG) level measurement, complete 
blood count analysis, renal and liver function tests, trans-
vaginal ultrasonography, chest radiography, and computed 
tomography of the chest and abdomen. Total hCG in serum 
samples was measured via enzyme immunoassay using an 
αhCG monoclonal antibody and a βhCG-CTP monoclonal 
antibody (SRL Inc., Tokyo, Japan). It is critically required 
to detect all isoforms of hCG to management of GTN [13]. 
Patients received hormonal therapy using estrogen when 
pituitary hCG affected the results of hCG measurement 
or the menstrual cycle did not resume after chemotherapy. 
Patients were permitted to become pregnant, if they wished 
to, when the hCG level had been under the normal limit 
(≤ 0.5 IU/L) for 12 months after the completion of their 
treatment. The data of patients including the reproductive 
status, subsequent pregnancies, and the pregnancy outcome 
were retrospectively collected from patients’ records. This 
study was approved by the Ethics Committee of Nagoya Uni-
versity Hospital (approval number 2013-0078).

Treatment protocol

The protocol of the 4-day MEA regimen is detailed in 
Table 1. Etoposide and actinomycin D are administered 
from day 1 to day 4 based on the protocol of 5-day MEA 
[8]. The interval between cycles was set as 14 days. The 
serum hCG level was measured once or twice a week 
including just before each cycle. Patients who had constant 
or increasing serum hCG levels over two cycles of treat-
ment were defined as having drug resistance to the regi-
men. After the serum hCG level reached the normal limit 
(≤ 0.5 IU/L), four cycles of consolidation chemotherapy 
were performed and complete remission was defined as 
the hCG level ≤ 0.5 IU/L during the consolidation chemo-
therapy. When adverse effects were too severe to resolve 
by day 21 or to continue chemotherapy, the regimen of the 
next cycle was changed to EA (etoposide 100 mg/body on 
days 1–4, and actinomycin D 0.5 mg/body on days 1–4).

Adverse effects

Adverse effects due to 4-day MEA were registered accord-
ing to the Common Terminology Criteria for Adverse 
Events version 4.0. Granulocyte colony-stimulating factor 
(filgrastim 50 μg/m2, lenograstim 2 μg/kg, or nartograstim 
1 μg/kg) was administered when the absolute neutrophil 
count (ANC) was < 1000/μL, and prophylactically used 
during days 11–13 when the ANC was < 1500/μL to pro-
vide the next cycle as scheduled. After 2014, pegfilgrastim 
(3.6 mg/body) was injected on day 6 of 4-day MEA when 
the prior cycle was associated with severe neutropenia 
(< 500/μL) or neutropenic fever.

Table 1   Protocol of 4-day MEA

The interval between cycles is set as 14 days
iv intravenous, div intravenous drip, im intramuscular

Day 1
 Methotrexate 150 mg iv. bolus just prior to the methotrexate 

infusion
 Methotrexate 300 mg iv. infusion over 4 h
 Etoposide 100 mg iv. infusion over 2 h
 Actinomycin D 0.5 mg iv. bolus

Day 2–4
 Etoposide 100 mg iv. infusion over 2 h
 Actinomycin D 0.5 mg iv. bolus
 Folinic acid 15 mg im. every 12 h × 3 starting 24 h after 

commencement of methotrexate
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Results

Clinical features of patients with choriocarcinoma 
and high‑risk GTN

The mean age of 29 patients was 36.4  years (range 
17–70 years; Table 2). Pathological diagnosis of chorio-
carcinoma was done in 12 patients (41.4%) and clinical 
diagnosis in 17 (58.6%). Although antecedent pregnancy 
was hydatidiform mole in 27.6% of patients, 44.8% of 
patients had a history of hydatidiform moles. According 
to the 2000 FIGO staging, nine patients (31.0%) had stage 
I tumors, nine patients (31.0%) had stage III tumors, and 
11 patients (38.0%) had stage IV tumors. The average 
FIGO/WHO prognostic risk score was 11.0. The mean 
pre-treatment serum hCG level was 24,217.8 IU/L (range 
96.4–1,494,610 IU/L) (Table 2). Twenty-four patients had 

not received any prior chemotherapy for choriocarcinoma 
or high-risk GTN except for MEA. Five patients had previ-
ously received multiple-agent chemotherapy such as EMA/
CO; MAC (methotrexate, actinomycin D and cyclophos-
phamide); and EP (etoposide and cisplatin) regimens [14]. 
In addition to chemotherapy, 11 patients underwent sur-
gery, including hysterectomy in two patients, wedge resec-
tion of choriocarcinoma in the uterus in one, partial pneu-
monectomy in five, wedge resection of choriocarcinoma 
in the brain in two, and small intestinal resection in one. 
Four patients received radiotherapy for brain metastases 
(whole-brain radiation for one patient and gamma knife 
therapy for the other three).

Response to 4‑day MEA

The average follow-up time was 53.9  months (range 
1–152 months). Twenty-three patients (79.3%) achieved 

Table 2   The clinical features of 
choriocarcinoma and high-risk 
GTN patients treated with 4-day 
MEA

a Geometric mean computed on the log-transformed variable and converted to the original scale of meas-
urement, and range in parenthesis
b Except a choriocarcinoma patient whose serum hCG was measured by ng/dL

Characteristics N (%)

Age (years) 36.4 ± 10.1 (mean ± SD)
Diagnosis of choriocarcinoma
 Choriocarcinoma 12 (41.4%)
 High-risk GTN 17 (58.6%)

Antecedent pregnancy
 Hydatidiform mole 8 (27.6%)
 Abortion 6 (20.7%)
 Term delivery 15 (51.7%)

History of hydatidiform mole
 Complete hydatidiform mole 12 (41.4%)
 Partial hydatidiform mole 1 (3.4%)
 No 16 (55.2%)

Previous treatment for post-molar GTN
 Yes 7 (24.1%)
 No 22 (75.9%)

Sites of metastases when diagnosed
 Lung 19 (65.5%)
 Liver 7 (24.1%)
 Brain 4 (13.8%)
 Kidney 3 (10.3%)
 Others (ovary, eye, nail, small intestine, colon) 3 (10.3%)

Pre-treatment serum hCG (IU/L)a (N = 28)b 24,217.8 (range 96.4–1,494,610)
FIGO stage
 I 9 (31.0%)
 II 0
 III 9 (31.0%)
 IV 11 (38.0%)

FIGO/WHO score 11.0 ± 4.6 (mean ± SD)
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complete remission; although three of them experienced 
relapse, they were cured again using 4-day MEA and sur-
gery. The complete remission rate among 24 patients who 
received the 4-day MEA regimen as the first-line treatment 
was 87.5% (Table 3). Although six patients (20.7%) devel-
oped drug resistance to 4-day MEA, three of them were 
cured completely using surgery, radiotherapy, or FA (5-fluo-
rouracil and actinomycin D) [15]. The other three patients, 
two choriocarcinoma and one high-risk GTN of stage IV, 
were treated with EP/EMA (etoposide and cisplatin/etopo-
side, methotrexate, and actinomycin D) [16], FA, EMA/CO, 
TP/TE (paclitaxel and cisplatin/paclitaxel and etoposide) 
[17], biweekly TP (paclitaxel and cisplatin), and high-dose 
ICE (ifosfamide, carboplatin and etoposide) with autologous 
peripheral blood stem cell transplantation [14], but they died 
of the disease.

Adverse effects

We evaluated the drug-related adverse effects of 183 
courses of 4-day MEA in 29 patients (Table 4). The major 
adverse effects were leukocytopenia (82.5%) and anemia 

(77.6%). Grade 4 toxicity was observed only in bone mar-
row-related adverse effects namely leukocytopenia, ane-
mia, and thrombocytopenia. Although anemia and throm-
bocytopenia were mostly grade 1 or 2, patients underwent 
a blood transfusion when they had grade 3–4 anemia or 
thrombocytopenia. Granulocyte colony-stimulating factor 
was used for grade 3–4 leukocytopenia, which occurred in 
49.2% of treatment cycles. Hepatotoxicity, stomatitis, and 
nausea were seen in 53.6%, 60.7%, and 63.4% of cycles, 
respectively, and they were mostly grade 1 or 2.

The mean interval between cycles of 4-day MEA was 
17.0 days (range 13–22 days). All 29 patients underwent 
207 cycles of MEA and 77 cycles of EA, and the reasons 
for regimen change were stomatitis (37.5%), hepatotoxic-
ity (31.3%), leukocytopenia (25.0%), and sepsis (6.3%). 
Twenty-three patients achieved complete remission after 
4-day MEA including EA without any therapeutic surgery. 
Nine patients underwent treatment with only the 4-day 
MEA regimen, but 14 patients needed the EA regimen 
with an average of 4.0 cycles. The mean number of total 
cycles was 10.5, 11.1, and 10.1 in the 23 patients, patients 

Table 3   Response to 4-day 
MEA

Response Total No previous chemotherapy Previous chemo-
therapy

N % N % N %

Complete remission 23 79.3 21 87.5 2 40.0
Drug resistance 6 20.7 3 12.5 3 60.0
Total 29 24 5
Death 3 10.3 2 8.3 1 20.0
Relapse 3 10.3 2 8.3 1 20.0

Table 4   Drug-related adverse 
effects in 183 cycles of 4-day 
MEA

Total Grade 1 Grade 2 Grade 3 Grade 4

Leukocytopenia 151 (82.5%) 22 (12.0%) 39 (21.3%) 48 (26.2%) 42 (23.0%)
Anemia 142 (77.6%) 39 (21.3%) 60 (32.8%) 34 (18.6%) 9 (4.9%)
Thrombocytopenia 89 (48.6%) 61 (33.3%) 14 (7.7%) 12 (6.5%) 2 (1.1%)
Hepatotoxicity 98 (53.6%) 73 (39.9%) 11 (6.0%) 14 (7.7%) 0 (0%)
Stomatitis 111 (60.7%) 70 (38.3%) 37 (20.2%) 4 (2.2%) 0 (0%)
Nausea 116 (63.4%) 83 (45.4%) 22 (12.0%) 11 (6.0%) 0 (0%)
Vomiting 42 (23.0%) 14 (7.7%) 23 (12.6%) 5 (2.7%) 0 (0%)
Constipation 91 (49.7%) 77 (42.1%) 14 (7.7%) 0 (0%) 0 (0%)
Diarrhea 10 (5.5%) 10 (5.5%) 0 (0%) 0 (0%) 0 (0%)

Table 5   Number of cycles 
among 23 patients with 
complete remission by 4-day 
MEA and EA

MEA methotrexate, etoposide, and actinomycin D, EA etoposide and actinomycin D

All (n = 23) 4-Day MEA (n = 9) 4-Day MEA + EA (n = 14)

Total cycles (range) 10.5 ± 3.6 (4–19) 11.1 ± 2.9 (8–16) 10.1 ± 4.0 (4–19)
Cycles of EA (range) – – 5.0 ± 3.1 (1–10)
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treated with only 4-day MEA, and patients treated with 
4-day MEA and EA, respectively (Table 5).

Reproductive status after treatment

We evaluated the reproductive status of patients after 
chemotherapy including pregnancy and recovery of men-
struation (Table 6). Hysterectomy was performed in four 
patients for treating choriocarcinoma (n = 2) and previ-
ous hydatidiform mole (n = 2). Among 26 patients who 
finally achieved complete remission, 25 patients required 
hormonal therapy with estrogen, during chemotherapy, for 
suppressing pituitary hCG. Hormonal therapy was started 
after an average of 6.2 cycles in patients who received 
first-line 4-day MEA therapy. After hormone therapy 
for 6–18 months, the menstrual cycle was normal in 15 
patients, while three patients were diagnosed with meno-
pause. Among the three patients, one was 31 years old and 
she had received whole-brain radiation therapy because of 
metastases to the cerebellum before she was transferred to 
our hospital [18]. The second patient was 45 years old and 
underwent 8 cycles of 4-days MEA, but she had received 
14 cycles of chemotherapy for post-molar GTN at 42 years 
of age. The third patient was 38 years old and underwent 
a total 35 cycles of multiple regimens such as EMA/CO, 
EP/EMA, FA, and MEA. Among 11 patients who hoped 
to bear children, five patients had nine conceptions. The 
outcomes of the nine pregnancies were seven term live 
births and two spontaneous abortions. No babies were 
premature or had low birth weight, nor did they have any 
congenital anomalies.

Discussion

The results of this study showed that the complete remis-
sion rate to 4-day MEA was 79.3% among all patients 
and 87.5% among patients who received first-line MEA 
treatment. The complete remission rates to EMA/CO were 
69.2–83.6% for all patients and 67.0–90.6% for those who 
received first-line EMA/CO therapy [1–7, 11]. However, 
the more accurate complete remission rates to EMA/CO 
may be 78–79.7% and 78–80.3% for all patients and for 
those who received first-line EMA/CO therapy, respec-
tively, because of the inclusion of a higher number of 
patients (138 and 272 patients, respectively) [3, 7]. Previ-
ous studies that evaluated three MEA regimens reported 
that the complete remission rates for all patients and those 
that received these treatments as first-line therapy were, 
respectively, 67.9% and 70.6% [8], 89.7% and 71% [9], and 
75% and 75% [10]. These results suggest that 4-day MEA 
might be as effective as 5-day MEA, although the doses of 
etoposide and actinomycin were reduced to 80%, but the 
interval was shorter than 5-day MEA. However, the num-
ber of participants in each study on MEA was only 28–38; 
hence, further studies on MEA including a larger number 
of patients will be needed for comparing the effectiveness 
between EMA/CO and MEA, and for deciding the most 
appropriate regimen for MEA, considering the duration of 
medication and the dose of each drug.

Regarding adverse effects, the incidence of leukocy-
topenia and anemia was found in 82.5% and 77.6% of 
treatment cycles, respectively. In particular, grade 3–4 
leukocytopenia was observed in 49.2% of cycles, and the 
incidence was higher in this study than in previous stud-
ies using other regimens. However, no patient died due 
to leukocytopenia, although one patient had sepsis due 
to urinary tract infection, because choriocarcinoma in the 
kidney caused bleeding after day 5 in each cycle. Severe 
leukocytopenia should be managed to avoid long treat-
ment intervals that can reduce the effectiveness or result 
in chemotherapy failure. In this study, two methods were 
effective for managing severe leukocytopenia to achieve 
remission: prophylactic granulocyte colony-stimulating 
factor and tentative use of the EA regimen. After we intro-
duced prophylactic granulocyte colony-stimulating factor 
in 2005, the proportion of patients in whom the regimen 
was changed from MEA to EA decreased from 85.7% (6/7) 
to 45.5% (10/22).

The reproductive status after 4-day MEA was favorable, 
because most patients in the reproductive age had a regu-
lar menstrual cycle after hormonal treatment. Hormonal 
therapy using estrogen (and progesterone) was needed for 
suppressing luteinizing hormone, which increased due to 
ovarian dysfunction. High levels of luteinizing hormone 

Table 6   Reproductive status after treatment

a Recovery after hormonal treatment for 6–18 months
b 5 patients had 9 pregnancies naturally

Reproductive status N

Recovery of natural periods (N = 29)
 Yesa 15 (51.7%)
 No 10 (34.5%)
  Menopause 3
  Post-hysterectomy 4
  Dead 3

 Unknown 4 (13.8%)
Pregnancy among patients who desired a baby (N = 11)
 Yesb 5
 No 6

Outcome of pregnancies (N = 9)b

 Term delivery 7
 Spontaneous abortion 2
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induce hCG secretion from the pituitary gland [19, 20], 
and pituitary hCG should be suppressed for detecting hCG 
levels from choriocarcinoma. In this study, the fertility 
rate among patients who desired babies was 45.5% (5/11 
patients) and seven babies were born without any con-
genital abnormality. The average age of women who could 
not conceive was 37.3 years (range 35–41 years) at the 
start of treatment, higher than that of women who could 
(27.6 years; range 21–33 years). The fertility rate may 
be better after MEA than after EMA/CO, because cyclo-
phosphamide induces ovarian failure [21]. However, it is 
difficult to compare the fertility rate and the rate of live 
births between regimens, because the demographic charac-
teristics of patients, such as age, stage, and the number of 
cycles, were not the same and the number of patients was 
not high enough to be assessed, especially the number of 
patients who received MEA regimens. Goto et al. reported 
that the incidence of congenital anomalies was higher in 
patients who underwent multi-agent chemotherapy for 
choriocarcinoma (3/21; 14.3%) than the population-based 
incidence in Japan and that receiving more methotrex-
ate was significantly associated with having babies with 
heart abnormalities [22]. Rustin et al. reported that 79% 
of patients (37/47) who underwent chemotherapy using 
cyclophosphamide and desired for babies had live births 
and that no significant difference was found in the mean 
amount of drugs (methotrexate, actinomycin D, vincris-
tine, and cyclophosphamide) between patients having live 
births and those who did not have live births [23]. In other 
studies, multi-agent chemotherapy for choriocarcinoma 
and high-risk GTN was not associated with the incidence 
of malformation including heart abnormalities [3, 4, 10, 
24]. These results suggest that ovarian failure and fertil-
ity may be related to the patient’s age (>35 years) rather 
than the kind of regimen administered to patients with 
choriocarcinoma.

This study has some limitations. First, the number of 
patients was only 29, much smaller than the number of 
patients in some studies on EMA/CO conducted in the 
United Kingdom or America. Choriocarcinoma is so rare 
and there is no system to allocate patients with GTN to des-
ignated medical centers for their treatment in Japan. In the 
Japanese health system, every general hospital or cancer 
center can provide chemotherapy at the desire of patients. 
Therefore, only a few studies have been reported on evalu-
ation of treatments for choriocarcinoma or high-risk GTN 
in Japan [8, 15, 22]. Further studies are needed by includ-
ing more patients and with longer follow-ups at different 
hospitals. Second, the criteria for changing 4-day MEA to 
EA were not clearly set during the study. The results of this 
study suggest that grade 3–4 stomatitis, grade 3–4 hepato-
toxicity, and grade 4 leukocytopenia should be considered 
the criteria for using EA in the next cycle. Pegfilgrastim, the 

most effective granulocyte colony-stimulating factor product 
for leukocytopenia, was approved by the Japanese Ministry 
of Health in 2014, and it can be administered prophylacti-
cally to a patient who is expected to have grade 4 leukocyto-
penia. We started prophylactic granulocyte colony-stimulat-
ing factor in 2005 and it is very effective; however, we found 
that pegfilgrastim injections on day 6 of 4-day MEA was the 
most effective regimen and that it never caused leukocyto-
penia. To reduce hepatotoxicity and stomatitis, administra-
tion of the higher dose of folinic acid or EA regimen can 
be considered, but it would lead to smaller or no efficacy of 
methotrexate. Phase II trials may be needed in the future for 
determining the criteria of choriocarcinoma and high-risk 
GTN to use EA regimen as first-line therapy.

In conclusion, this is the first study to evaluate the effi-
cacy and adverse effects of 4-day MEA in patients with cho-
riocarcinoma and high-risk GTN. The complete remission 
rate to 4-day MEA was similar to that obtained after other 
MEA regimens and EMA/CO, but slightly better in patients 
who received first-line 4-day MEA therapy. The adverse 
effects after chemotherapy were well tolerated, although pro-
phylactic granulocyte colony-stimulating factor and tentative 
switching to the EA regimen were needed. These results 
suggest that 4-day MEA may be recommended as one of 
the first-line treatments for choriocarcinoma and high-risk 
GTN, but further studies will be needed for determining the 
criteria for changing treatment from 4-day MEA to EA.
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