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Abstract

Aim: The aim of the present study was to evaluate the results of treatment with the methotrexate folinic acid (MTX FA) protocol in adolescents
and young adults with low risk gestational trophoblastic neoplasm (LR GTN), and to identify the factors that determine resistance to MTX FA
treatment.

Methods: To meet this aim, 42 patients who were adolescents or young adults with LR GTN, and who received MTX FA as first-line therapy,
were included in the present study. The scores for the patients were determined according to the Modified World Health Organization (WHO)
Prognostic Scoring System, as adopted by International Federation of Gynecologists and Obstetrics (FIGO).

Results: The median age of the patients was found to be 21 years. Nine of the patients (21.4%) were adolescents, whereas 33 (78.6%) were
young adults. MTX FA chemotherapy was used as the primary treatment in the entire cohort, and 27 (64.3%) of the patients received the
standard protocol, whereas 15 (35.7%) patients received the watchful waiting protocol. A complete response to MTX FA was achieved in 29
(69%) of the 42 patients. Due to chemotherapy resistance, seven patients received single-agent treatment, while six required multi-agent
chemotherapy following MTX FA. As a result of the therapy, the pretreatment value of human chorionic gonadotropin (8 hCG) was found to be
significantly associated with the response to the single-agent MTX FA treatment.

Conclusion: In conclusion, the present study has demonstrated that the MTX FA protocol may be utilized as a first-line single-agent
chemotherapy protocol for LR GTN in adolescent and young adult patients.
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Introduction

Gestational trophoblastic neoplasm (GTN) is a malignant form of
trophoblastic disease. It usually develops following the emergence
of a complete or partial hydatidiform mole, although it can
also develop following an abortion/ectopic pregnancy or term
pregnancy.’?

A scoring system has been devised by the International Federation
of Gynecologists and Obstetrics (FIGO) and the World Health
Organization (WHO) in order to plan the treatment of GTN.>#
According to this scoring system, those who score <6 are defined
as ‘low-risk GTN’ (LR GTN), whereas those who score =7 are
defined as high-risk GTN. LR GTN is a rare, but curable condition
that is usually treated with single-agent chemotherapy protocols.
The most commonly used drugs in this treatment are methotrexate
(MTX) or actinomycin D (Act D).> MTX is an effective, well-tolerated,
and cost-effective agent that can be co-administered with folinic
acid (FA) to avoid the side effects that are associated with MTX. A
100% survival rate for patients with LR GTN can be achieved by.®

The response rate of first-line therapy represents an important
endpoint since patients who develop resistance to first-line therapy
require further treatment options; these options include sequential
single-agent chemotherapy, multi-agent chemotherapy, or surgery.’
Patients who develop resistance to MTX FA chemotherapy may be
moved to Act D therapy when their 8 human chorionic gonadotropin
(B hCG) concentrations are <1,000 International Units (IU)/I, or to
multidrug chemotherapy when the concentrations are >1,000 [U/I,
and these treatments effectively result in the cure of almost all
patients.®

Maternal age has been reported to be an important risk factor
for molar pregnancy. The risk of developing a hydatidiform mole
is 4-10 times higher in women <16 and >40 years of age.’
Therefore, GTN occurs more commonly at the start and endpoints
of a woman'’s reproductive age (i.e., in adolescents and women >40
years of age).'®'" Approximately 20% of patients with gestational
trophoblastic disease (GTD) are adolescents,'> however, information
regarding GTN in adolescents and young adults remains scarce.

This multicenter study aimed to evaluate the results of treatment
with the MTX FA protocol in adolescents and young adults with LR
GTN. Furthermore, we aimed to identify the factors that determine
resistance to MTX FA treatment.

Materials and Methods

The present study was designed retrospectively. Adolescent and
young adult patients with LR GTN who were admitted to three
tertiary centers between 1993 and 2021 were enrolled. The age
definitions were 10-19 years for adolescents, and 20-24 years
for young adults. Patients’ ages, FIGO scores, serum B hCG values
before chemotherapy, tumor sizes, tumor ages, presence of theca
lutein cyst, presence and location of metastasis, antecedent
pregnancy information, and type of MTX treatment protocol and
responses were obtained from the patient’s files. Patients with a
FIGO risk score <6, and who received MTX as first-line therapy,
were included in the study. Tumor age was defined as the time
between the last pregnancy and the diagnosis of GTN (in months).

Before scoring, patients were evaluated for their clinical history
and after having received a physical examination, in addition to
the performance of pelvic ultrasonography, chest X-ray, serum
B hCG level, complete blood count, and kidney and liver function
tests. Computed tomography (CT) was performed in cases when
the scan of the lungs, upon performing chest X-ray analysis, was

positive. Brain magnetic resonance imaging (MRI) was performed
on patients with symptoms suggestive of brain metastasis. The
scores of the patients were determined according to the Modified
WHO Prognostic Scoring System as adapted by FIGO 2000.

Patients were treated with either a standard protocol or a watchful
waiting protocol. The treatment regimen was selected in random
order by either a senior gynecological oncologist or a medical
oncologist at each center, without applying any specific selection
criteria. However, the standard protocol treatment was used more
frequently, whereas the watchful waiting treatment protocol was
randomly applied. In the standard protocol, T mg/kg intramuscular
(IM) MTX was administered consecutively on days 1, 3, 5, and 7,
with 0.1 mg/kg IM FA being administered on days 2, 4, 6, and
8, and the B hCG levels were monitored. In a watchful waiting
protocol, the same 8-day IM MTX FA regimen was administered to
the patients in one go, and patients with decreased B hCG values
were followed as long as the B hCG concentration was lowered to a
normal level. Subsequently, an additional one or two cycles of MTX
FA were administered in both protocols.

B hCG levels were monitored weekly during treatment, and a
successful response to the treatment was determined by detecting
decreases in B hCG levels. In cases where the patient was found
to have negative B hCG values (<5 mlU/ml) for 3 consecutive
weeks, the patient was diagnosed as being in complete remission.
Resistant or progressive disease was defined as: i) an increase in
two consecutive B hCG levels; or ii) the B hCG level having reached
a plateau in three consecutive measurements during 2 weeks;
or iii) detection of a new metastasis.*'®> MTX-resistant patients
received either a 5-day Act D regimen (where 12 pg/kg Act D was
administered intravenously for 5 days every 2 weeks) or multi-
agent chemotherapy as second-line therapy. The decision on which
regimen to switch to was made by the gynecological oncology
council. While making this decision, the patient’s B hCG level was
taken into consideration. Generally speaking, if the B hCG level was
<100 IU/l, Act D was given, whereas if it was >100 IU/I, multi-agent
chemotherapy was given.

Ethical Approval
This study was approved by the Ethics Committee of Ankara Bilkent
City Hospital (Date: 24.07.2024, Decision No: 24/397).

Statistical Analysis

In terms of statistical analysis of the data, the Chi-square test and
Fisher’s exact test were used to examine the association between
responsiveness to MTX treatment and each clinical variable in a
univariate analysis. Continuous variables were analyzed using
an ANOVA table test. Statistical Package for the Social Sciences
(SPSS) for Windows version 22.0 (IBM Corp.) was used to perform
the statistical analyses. P<0.05 was considered to indicate a
statistically significant difference.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

A total of 42 patients were recruited for the present study. The
median age of the patients was 21 years (range:15-24 years).
Nine (21.4%) patients were adolescents, whereas 33 (78.6%) were
young adults. All patients included in the study had complaints
of abnormal bleeding following antecedent pregnancy (mole
hydatidiform, abortion, or term pregnancy), and all patients
were diagnosed with GTN after the clinician’s having determined
a plateauing of, or an increase in, the B hCG level during their

Annals of Clinical and Analytical Medicine | 53



GTN in adolescent and young adult patients

follow up. The median value of the FIGO score was 3 (range:0-6).
Before the treatment, the median value for B hCG was 9,355 1U/I
(range:73-127,694 1U/l) and the median tumor size was 3.0 cm
(range:1.0-11.0 cm). The majority of the patients had a history
of hydatidiform mole (90.5%) as their antecedent pregnancy and

Table 1. General characteristics of patients

a tumor age of <4 months (73.8%). Metastases were detected in
18 (42.9%) of the patients; 17 of the metastases were in the lung
only, whereas, for one patient, it was located in both the lung and
vagina (Table 1).

MTX FA chemotherapy was used as the primary treatment in

Features Mean = SD Median (Range)
Age,y 21.26 +£2.39 21 (15-24)
R-hCG before treatment (IU/L) 25.693 + 33.710 9355 (73-127.694)
Tumor size, cm 3.88 + 2.664 3(1-11)
FIGO score 3+ 146 3 (0-6)
n %
<19y 9 21.4
Age,y
>19-<24y 33 78.6
0 2 4.8
1 3 7.1
2 11 26.2
FIGO score B 13 31
4 5 118
5 6 14.3
6 2 4.8
<103 8 19
3-hCG before treatment (IU/L) s s L s
>104-<105 17 40.5
=105 2 4.8
<3 22 52.4
Tumor size, cm >3-<5 11 26.2
=5 9 21.4
. Absent 24 57.1
Metastasis
Present 18 42.9
Site of metastasis Lung = 17 405
Lung and vagina 1 2.4
1 8 19
2 2 4.8
Number of metastasis ] 2 4.8
8 1 2.4
Not reported 5 11.9
Mole hydatidiform 38 90.5
Antecedent pregnancy Abortion 3 7.1
Term pregnancy 1 2.4
<4 31 73.8
4-<7 8 19
Tumor age, mo
7-<13 3 7.1
=13 0 0
Negative 51 73.8
Theca lutein cysts Positive 2 4.8
Not reported S 21.4
Methotrexate-folinic acid protocol Lo - 27 64.3
Watchful waiting 15 55,7
Response to methotrexate-folinic acid chemotherapy Non-response 13 31
Response 29 69
. Non-response 6 14.3
Response to single agent chemotherapy 1
Response 36 85.7
Sireery Performed 1 2.4
Not performed 41 97.6

1: Single-agent chemotherapy: Methotrexate-folinic acid (n:29) and Methotrexate-folinic acid followed by Actinomycin-D (n:7)
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the entire cohort. Twenty-seven (64.3%) of the patients received
the standard protocol, whereas 15 (35.7%) of them received the
watchful waiting protocol (Table 2). During medical treatment, one
patient required surgery due to excessive bleeding, and underwent
a hysterectomy.

A complete response to MTX FA was achieved in 29 (69%) of
the 42 patients. Due to chemotherapy resistance, seven patients
received single-agent treatment, and six patients were given
multi-agent chemotherapy following MTX FA; all patients had a
clinically complete response after receiving Act D or multi-agent
chemotherapy (Table 2).

The pretreatment B hCG value was found to be significantly
associated with the response to the single-agent MTX FA
treatment. Patients with a pretreatment B hCG value of <103 IU/I
had a 100% MTX FA response rate, whereas those with a  hCG
value of =103 1U/I had a 61.8% response rate (p=0.043) (Table 1).
No significant effects of age, FIGO score, tumor size, tumor age,
theca lutein cyst, metastasis, antecedent pregnancy, or MTX FA
protocol were identified with respect to the treatment response
(Table 4). Patients with a FIGO score of 0-1 showed no resistance
to MTX FA chemotherapy, whereas those with a score of 5-6 had
50% resistance.

The characteristics of those 13 patients who did not respond to
MTX FA treatment are presented in Table 3. All of these patients
were aged 18 years or older. Before the treatment, the median 8

hCG value was found to be 39,921 U/l and the tumor size was 2.8
cm. Antecedent pregnancy was mole hydatidiform in 12 patients,
and abortion in one patient. Due to chemotherapy resistance, seven
patients were administered Act D treatment, whereas six patients
were treated with multi-agent etoposide, MTX, actinomycin D/
cyclophosphamide, and vincristine (EMA/CO) chemotherapy
protocol following the MTX FA therapy.

Discussion

LR GTN is a rare, but highly chemosensitive disease that
can be effectively treated at a rate approaching 100% with
chemotherapy.®'* Several chemotherapeutic regimens are in current
use; however, the choice of regimen used is usually specifically
handled by the medical specialists concerned, and it is difficult to
compare the advantages and risks of each regimen. MTX and Act
D are the most commonly used therapies in first-line treatment.’
MTX is generally preferred as the first-line chemotherapy due to
its effectiveness, safety, and toxicity profiles, and the fact that it
is both well tolerated and cost-effective.’® MTX has been used in
a variety of regimens with FA to protect the patient from MTX-
associated toxicity."”

In the present study, a complete response was achieved in 69%
of the patients (adolescents and young adults) with LR GTN using
first-line MTX FA. Due to MTX FA resistance, seven and six patients
were administered single-agent Act D or multi-agent EMA/

Table 2. Factors related to the response to methotrexate-folinic acid treatment

W =]

<19y
>19-<24y
<3

=4

<103
=103-<104
=104-<105
=105

<103

=103

<3

23-<5

=5

<4

4-<7

7-<13
Negative

Age,y

o

FIGO score 1

Pretreatment B-hCG (IU/L)

O N 00 W O Ul

Pretreatment B-hCG (IU/L)

-
W

Tumor size, cm

- > @

o

Tumor age, mo

Theca lutein cyst 2 .
Positive

. Negative
Metastasis

o U1 O VW —= N

Positive
Mole
hydatidiform
Abortion
Term
pregnancy
Standard 11
Watchful

waiting

o=
N

Antecedent pregnancy

o

Methotrexate protocol-folinic acid 5

Negative

Response

Positive

% %
333 6 66.7
5793
30.3 23 69.7
27.6 21 72.4
4953
38.5 8 61.5
0 8 100
20 12 80
.009°
41.7 52.9
100 0 0
0 8 100
.0433
382 21 61.8
36.4 14 63.6
36.4 7 63.6 3373
11.1 8 88.9
32.3 21 67.7
25 6 75 918°
333 2 66.7
29 22 71
5233
0 2 100
20.8 19 79.2
1014
44 .4 10 55.6
31.6 26 68.4
333 2 66.7 6853
0 1 100
40.7 16 59.3
.089°
13.3 13 86.7

1: Median value, 2: 33 patients , 3: fisher's exact test was performed, 4: x square test was performed
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CO chemotherapy as an alternative to a single-agent regimen,
respectively. Additionally, it was demonstrated that the overall
cure rate with single-agent or multi-agent protocols was 100% in
adolescents and young adults with LR GTN. Resistance to first-line,
single-agent MTX FA was significantly associated with a higher
pretreatment B hCG level. We were able to demonstrate that
the success of the therapy was not affected by FIGO score, age,
tumor size, tumor age, theca lutein cyst, metastasis, antecedent
pregnancy, or the MTX FA protocol.

Phianpiset et al.’® reported that a complete response was achieved
in 63 (55.8%) of 113 patients with LR GTN (mean age:31.5 =
7.9 years) who were initially treated with MTX FA (50 mg MTX
administered IM on days 1, 3, 5 and 7, and 15 mg FA IM on days
2, 4, 6 and 8) for 8 days every 14 days. Similarly to our study,
a significant correlation was found between the pretreatment
high B hCG value and treatment resistance, and there was no
response to first-line MTX FA treatment in the group with a B hCG
value (=100.000). In their study, Chapman Davis et al.'® reported
on 358 people with LR GTN (age range:12-51 years) who were
treated with MTX daily for 5 days per treatment course, which was
repeated every 14 days as the first-line therapy. Failure of MTX
treatment was found to be associated with metastatic disease, a
high FIGO score, a pathological choriocarcinoma diagnosis, and a
high B hCG level before treatment.

In the presented study, patients who developed resistance to MTX
FA chemotherapy were switched either to treatment with Act
D when the B hCG concentration was <100 IU/l, or to multidrug
chemotherapy when the concentration was >100 1U/l. However, a
recent study showed that increasing the hCG cut-off value from
<100 to 1,000 IU/l'in terms of patient selection for Act D following
MTX FA resistance resulted in the protection of more women with
GTN from the toxicity of EMA/CO without compromising the 100%
survival outcomes.®

To the best of our knowledge, this is the third largest GTN study to
have been performed, involving 42 adolescents and young adults.
In the largest study examining the results of adolescent GTN,
those from 285 adolescent patients with complete hydatidiform
mole were examined by.*° GTN was found to have developed in
59 patients. Anemia, pre-eclampsia, a uterine size larger than it
ought to have been for the gestational age, and theca lutein cysts
>6 ¢cm were associated with the development of post-complete
hydatidiform mole GTN among adolescents in South America. In
the study performed by Rauh Hain et al?' 50 adolescent patients
with GTN were examined, and no differences were observed
between adolescents and adult women concerning the rate
of LR GTN, GTN stage, and frequency of resistance to initial
chemotherapeutic treatment. A study by Chapman et al.2 on molar
pregnancies in adolescents featured three patients with GTN. One
patient received three cycles of MTX, followed by two cycles of Act
D; another received one cycle of MTX FA; and the third received one
cycle of MTX and Act D in combination, and a complete response
was observed in all these patients. Uberti et al.'? reported that 18
of 22 (81.8%) patients with GTN under the age of 19 had LR GTN.
In their study, patients with LR GTN received sequential single-
agent chemotherapy, with either MTX FA or Act D as the initial
agent. However, neither the treatment response nor the affecting
factors were reported.

Limitations

The first major contribution of our study is that this, to the best
of our knowledge, is the largest GTN study to have provided
information on adolescents and young adults. This age group is
underrepresented in the scientific literature. Therefore, we expect
that this research will stimulate further investigation in this field.
The second major contribution of the study is that the centers
participating in the study were referral centers and gynecological
tumor tertiary centers replete with extensive expertise, to which

Table 3. General characteristics, the prognostic factors, and treatment regimens of resistant cases

3-hCG
f T T Th d
Patient Age, FIGO before u'mor Metas- Siteof Number of Antecedent '~ ec'a Methotrexate Secon
treat-  size, . 3 . age, lutein chemotherapy
no y score tasis metastasis metastasis pregnancy protocol
ment cm mo  cysts agent
(IU/L)
Mole . .
1 18 2 6071 4 No - - . 2 No Standard Actinomycin-D
hydatidiform
2 18 6 126280 9 Yes Lung 1 Mole 3 No Standard EMA/CO
hydatidiform
3 18 5 29835 NR  Yes Lung NR Mole 2 NR Standard  Actinomycin-D
hydatidiform
4 20 5 5085 2Mar Yes Lung 8 Mole 8 No Standard EMA/CO
hydatidiform
5 20 4 24259 3May No - - Mole 6 No Standard EMA/CO
hydatidiform
6 21 2 2261 1 Yes Lun 1 Mole 3 No Standard EMA/CO
g hydatidiform
Mole ’ :
7 22 3 15.000 2 Yes Lung 3 hydatidiform 1 No Standard Actinomycin-D
8 22 3 22597 NR  Yes Lung NR Mole 2 NR Standard  Actinomycin-D
hydatidiform
9 243 54245 2 No - - Mole 6 No |Narhfulwaitpco
hydatidiform ing
10 24 3 72207 2Agu  Yes  ungand 1 s 1 g SR e D
vagina hydatidiform ing
11 24 3 47.293 NR Yes Lung NR M,OI,e 1 NR Standard Actinomycin-D
hydatidiform
12 24 6 127.694 4.Nis No = = Abortus 2 No Standard EMA/CO
13 24 2 13000 NR No - - Mole 1 NR Standard  Actinomycin-D

NR: Not Reported, EMA/CO: Etoposide, Methotrexate, Actinomycin-D, Cyclophosphamide, Vincristine

hydatidiform
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many of the patients were directed. Consequently, the findings
obtained in our study may potentially reflect the most accurate
results of patients with LR GTN in the adolescent and young adult
age groups. By contrast, the main limitations of this study were
its retrospective design and the randomization process concerning
determining the first-line treatment protocol. The other major
limitation was its limited number of participants, which gave
rise to issues regarding the extent to which the findings may be
applied to a larger population. Nevertheless, documenting the GTN
variation, which has a low incidence rate* but is relatively more
common in younger people* will have a significant effect on the
current academic literature. In addition, the long-term outcomes,
recurrence rates, and post-treatment fertility results of our cohort
were not attainable, as the centers where the study was conducted
were reference centers, and the long-term follow-ups were carried
out in the patients’ local facilities.

Conclusion

In conclusion, the present study has shown that the first-line
treatment of LR GTN in adolescent and young adult patients
with an MTX FA protocol was an effective regimen, resulting in a
69% complete response rate. All patients had a clinical complete
response after receiving second-line treatment with Act D or
multi-agent chemotherapy. However, future studies are required
with larger sample sizes, and with the potential exploration of
multicenter collaborations, to validate and strengthen the current
findings.
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