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Predictors for single-agent resistance in FIGO score 5 or 6
gestational trophoblastic neoplasia: a multicentre,
retrospective, cohort study
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Ross S Berkowitzt, Michael ) Secklt

Summary

Background Patients with gestational trophoblastic neoplasia who have an International Federation of Gynaecology
and Obstetrics (FIGO) risk score of 5 or 6 usually receive non-toxic single-agent chemotherapy as a first-line treatment.
Previous studies suggest that only a third of patients have complete remission, with the remaining patients requiring
toxic multiagent chemotherapy to attain remission. As stratification factors are unknown, some centres offer
multiagent therapy upfront, resulting in overtreatment of many patients. We aimed to identify predictive factors for
resistance to single-agent therapy to inform clinicians on which patients presenting with a FIGO score of 5 or 6 are
likely to benefit from upfront multiagent chemotherapy.

Methods We did a multicentre, retrospective, cohort study of patients with gestational trophoblastic neoplasia presenting
with a FIGO score of 5 or 6, who received treatment at three gestational trophoblastic neoplasia reference centres in the
UK, Brazil, and the USA between Jan 1, 1964, and Dec 31, 2018. All patients who had been followed up for at least
12 months after remission were included. Patients were excluded if they had received a non-standard single-agent
treatment (eg, etoposide); had been given a previously established first-line multiagent chemotherapy regimen; or had
incomplete data for our analyses. Patient data were retrieved from medical records. The primary outcome was the
incidence of chemoresistance after first-line or second-line single-agent chemotherapy. Variables associated with
chemoresistance to single-agent therapies were identified by logistic regression analysis. In patient subgroups defined by
choriocarcinoma histology and metastatic disease status, we did bootstrap modelling to define thresholds of pretreatment
human chorionic gonadotropin concentrations and identify groups of patients with a greater than 80% risk (ie, a positive
predictive value [PPV] of 0-8) of resistance to single-agent chemotherapy.

Findings Of 5025 patients with low-risk gestational trophoblastic neoplasia, we identified 431 patients with gestational
trophoblastic neoplasia presenting with a FIGO risk score of 5 or 6. All patients were followed up for a minimum of
2 years. 141 (40%) of 351 patients developed resistance to single-agent treatments and required multiagent
chemotherapy to achieve remission. Univariable and multivariable logistic regression revealed metastatic disease
status (multivariable logistic regression analysis, odds ratio [OR] 1-9 [95% CI 1-1-3-2], p=0-018), choriocarcinoma
histology (3-7 [1-9-7-4], p=0-0002), and pretreatment human chorionic gonadotropin concentration (2-8 [1-9-4-1],
p<0-0001) as significant predictors of resistance to single-agent therapies. In patients with no metastatic disease and
without choriocarcinoma, a pretreatment human chorionic gonadotropin concentration of 411000 IU/L or higher
yielded a PPV of 0- 8, whereas in patients with either metastases or choriocarcinoma, a pretreatment human chorionic
gonadotropin concentration of 149 000 IU/L or higher yielded the same PPV for resistance to single-agent therapy.

Interpretation Approximately 60% of women with gestational trophoblastic neoplasia presenting with a FIGO risk
score of 5 or 6 achieve remission with single-agent therapy; almost all remaining patients have complete remission
with subsequent multiagent chemotherapy. Primary multiagent chemotherapy should only be given to patients with
metastatic disease and choriocarcinoma, regardless of pretreatment human chorionic gonadotropin concentration, or
to those defined by our new predictors.

Funding None.
Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction

Gestational trophoblastic neoplasia is a rare cancer arising
from the placenta that affects around 20000 women
per year globally. Early diagnosis is important, as it is
associated with long-term survival rates greater than 99%.

Several forms of gestational trophoblastic neoplasia exist,
including invasive mole, choriocarcinoma, and the rare
placental-site  trophoblastic (PSTT) and epithelioid
trophoblastic tumours (ETT). Most (ie, 50-80%) patients
present with the premalignant hydatidiform mole, and a
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Research in context

Evidence before this study

We searched MEDLINE, PubMed, and Embase databases on
Oct 31, 2020, using the following medical subject headings
“gestational trophoblastic neoplasia” AND “low-risk” OR
“choriocarcinoma” OR “metastatic disease”. We searched for
cohort studies or case series investigating the treatment of
patients with low-risk gestational trophoblastic neoplasia
(ie, those with an International Federation of Gynaecology
and Obstetrics [FIGO] risk score of 0-6). Studies published in
English were included in the review if they had more than
ten patients; contained information on low-risk gestational
trophoblastic neoplasia treatment; and had been published
between Jan 1, 2000 (when scoring of disease risk according
to FIGO criteria was universally adopted), and Oct 31, 2020.
We found ten studies investigating treatment of patients
with low-risk gestational trophoblastic neoplasia. Patients
with low-risk gestational trophoblastic neoplasia should
preferably be treated with single-agent chemotherapy, as
almost all patients eventually have complete remission.
However, only a third of those presenting with a FIGO risk
score of 5 or 6 enter remission following treatment with
non-toxic, first-line, single-agent treatments; the remaining
patients receive first-line or second-line multiagent
chemotherapy. Consequently, some investigators
recommend that all women with a FIGO risk score of 5 or 6
receive first-line multiagent therapy, which is considerably
more toxic than single-agent therapy.

plateau or increase in the concentration of human
chorionic gonadotropin pregnancy hormone after surgical
evacuation®’is a sensitive indicator of malignant change to
gestational trophoblastic neoplasia.

Fortunately, post-molar gestational trophoblastic neo-
plasia and choriocarcinoma arising from any other type
of pregnancy (ie, abortion, ectopic pregnancy, term, or
preterm) are highly sensitive to either single-agent or
more toxic multiagent chemotherapy*™ To decide
between single-agent and multiagent therapies, several
prognostic scoring systems have been developed."” These
scoring systems were eventually consolidated into the
International Federation of Gynaecology and Obstetrics
(FIGO) scoring system."” Patients with gestational tropho-
blastic neoplasia presenting with a FIGO risk score of 6 or
less are considered to have a low-risk of developing
resistance to single-agent chemotherapy, which is less
toxic than multiagent chemotherapy. These individuals
are usually given either methotrexate plus folinic acid or
dactinomycin. Patients with chemoresistance to one
single-agent regimen are often switched to the other
regimen before they are offered multiagent chemo-
therapy.”*'® By contrast, patients with a FIGO risk score
of 7 or higher are considered to have a high risk of
resistance to single-agent chemotherapy, and therefore
receive multiagent chemotherapy from the outset.*

Added value of this study

In the world’s largest cohort of patients with gestational
trophoblastic neoplasia who have a FIGO score of 5 or 6,

we identified several risk factors as independent predictors of
resistance to single-agent treatments, including the presence or
absence of metastases or choriocarcinoma. Crucially, our analysis
revealed specific human chorionic gonadotropin concentration
cutoff values that can be used to improve the accuracy of
selecting patients with a FIGO risk score of 5 or 6 for multiagent,
as opposed to single-agent, first-line and second-line therapy.

Implications of all the available evidence

Based on the results of our study, multiagent chemotherapy
should only be given to patients with gestational trophoblastic
neoplasia who present with a FIGO score of 5 or 6 if they have no
metastases or choriocarcinoma and a pretreatment human
chorionic gonadotropin concentration of 411000 IU/L or higher,
metastases or histopathologically confirmed choriocarcinoma
and a pretreatment human chorionic gonadotropin
concentration of 149 000 IU/L or higher, or if they have
metastatic choriocarcinoma. Importantly, almost 60% of the
remaining patients will enter remission with one or two
sequential single-agent treatments, and almost all patients who
develop resistance will have complete remission. Our results could
help stop some international centres from automatically treating
all patients with a FIGO score of 5 or 6 with multiagent
chemotherapy.

The proportion of patients with low-risk gestational
trophoblastic neoplasia who attain clinical remission
with single-agent chemotherapy varies considerably. For
instance, the proportion of patients who have complete
remission after single-agent chemotherapy is greater
than 90% in individuals with a FIGO risk score of 0 or 1
compared with around only 33% of patients with a FIGO
risk score of 5 or 6.” The proportion of patients with a
FIGO risk score of 5 or 6 who have complete remission
has served as a rationale for some investigators to
advocate using multiagent chemotherapy in these
patients from the outset.” However, as virtually all
patients with low-risk gestational trophoblastic neoplasia
are long-term survivors,’ others have suggested that it
would be better to elucidate existing or new factors that
could refine the FIGO scoring system." This refinement
would enable better identification of most patients with a
FIGO risk score of 5 or 6 who are unlikely to respond to
methotrexate plus folinic acid, dactinomycin, or both
regimens, and avoid treating the one-third of patients
who are sensitive to single-agent treatment with more
toxic multiagent chemotherapy.

Various strategies for choosing between single-agent
and multiagent therapy in patients with a FIGO risk score
of 5 or 6 have been proposed, including increased tumour
vascularity, as assessed by doppler ultrasound,” an
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absolute pretreatment human chorionic gonadotropin
concentration of more than 400000 IU/L,” and the
presence of metastases in patients with choriocarcinoma.”
Following initiation of single-agent chemotherapy, the
rate of human chorionic gonadotropin decline during the
first few weeks has also been suggested as an early marker
of single-agent therapy failure.” These studies have been
done in single centres, often with low patient numbers,
and, consequently, none of the recommended approaches
have been broadly adopted by the clinical community. A
new, larger evaluation is needed to help identify factors
that could improve categorisation of patients with a FIGO
risk score of 5 or 6 into groups of single-agent versus
multiagent chemotherapy responders.

In this report, we present the results of an international
collaborative study of the largest global dataset of patients
with gestational trophoblastic neoplasia presenting with a
FIGO risk score of 5 or 6. We did an in-depth investigation
to identify predictors of resistance to single-agent chemo-
therapies with the aim of improving the robustness of the
criteria used to select patients for single-agent or
multiagent chemotherapy. We suggest new parameters to
select which patients with a FIGO risk score of 5 or 6 are
most likely to respond to treatment with primary single-
agent as opposed to multiagent chemotherapy.

Methods

Study design and participants

We did a multicentre, retrospective, cohort study of
patients with gestational trophoblastic neoplasia
presenting with a FIGO risk score of 5 or 6, who received
treatment between Jan 1, 1964, and Dec 31, 2018, at three
gestational trophoblastic neoplasia reference centres:
Charing Cross Trophoblastic Disease Centre (Charing
Cross Hospital, Imperial College of London, London, UK);
Rio de Janeiro Trophoblastic Disease Centre (Maternity
School of Rio de Janeiro Federal University, Rio de Janeiro,
Brazil); and the New England Trophoblastic Disease
Centre (Brigham and Women'’s Hospital, Harvard Medical
School, Boston, MA, USA). These are three of the largest
gestational trophoblastic neoplasia reference centres in
the world (appendix 2 p 1).

All patients with low-risk gestational trophoblastic
neoplasia, presenting with a FIGO risk score of 5 or 6, who
were followed up for at least 12 months after remission
were included, hence the inclusion of patients up to
Dec 31, 2018. Patients were excluded if they had received a
non-standard single-agent treatment, such as etoposide;
had been given a previously established first-line
multiagent chemotherapy regimen before etoposide and
methotrexate plus folinic acid rescue and dactinomycin,
alternating with cyclophosphamide and vincristine
(EMA/CO); had a histopathological diagnosis of ETT or
PSTT; or had incomplete data for our analyses. This study
was approved by the Maternity School of Rio de Janeiro
Federal University Review Board and by the Brigham and
Women’s Hospital Review Board. This study was also

approved as a National Health Service (NHS) service
evaluation and improvement exercise by Imperial College
NHS Healthcare Trust, with all patient data deidentified.
Considering the retrospective collection of data from
anonymised patient records, the study was exempted by
local ethics committees from the need to obtain written
informed consent from patients (appendix 2 p 1).

Procedures

The FIGO scoring system™ (appendix 2 p 4) was retro-
spectively applied to all patients given single-agent
chemotherapy before 2000, to correctly identify those
with a risk score of 5 or 6 for inclusion in this study.
Since 2012, patients with an elevated but declining human
chorionic gonadotropin concentration at 6 months after
uterine evacuation were considered not to have post-
molar gestational trophoblastic neoplasia in the absence
of other features, as described previously.”

Patients were staged according to FIGO 2000
gestational trophoblastic neoplasia anatomical staging
criteria. Patients included in this study underwent a
centralised histopathological review when pathology
samples were available, and only samples obtained
before first-line treatment was started were analysed.
Depending on when patients had been diagnosed
and evaluated, arteriography, ultrasonography, chest
radiography, chest CT, or head imaging were used for
staging of the disease. During the 1960s, uterine or
pelvic lesions were assessed by arteriography, and from
the 1970s to currently, uterine disease was evaluated by
ultrasonography. Chest radiography was the primary
mode of detecting lung metastases from 1960 onwards,
but chest CT imaging became routinely available in
the 1970s for patients in whom the chest radiography
yielded equivocal results. Only lesions greater than
1 cm in diameter* on chest radiography or CT scan
were counted. Head imaging was introduced in the
1970s for patients with lung metastases and comprised
of a contrast-enhanced CT scan in the 1970s and MRI
from the 1980s to currently. Serum human chorionic
gonadotropin was measured by radioimmunoassay
with a rabbit polyclonal antibody or with a sandwich
chemiluminescence immunoassay method, both with
the reference value for normal serum of less than
5 TU/L.

In patients with low-risk gestational trophoblastic
neoplasia, the treatment of choice was an 8-day
methotrexate plus folinic acid regimen. In patients with
methotrexate chemoresistance, the preferred regimen
was either dactinomycin or a multiagent chemotherapy
regimen. EMA/CO has been the most commonly used
multiagent chemotherapy regimen over the past 30 years.
Before 1990, most patients with a FIGO risk score of 5
or 6 were given a multiagent chemotherapy regimen as
part of the Bagshawe middle-risk group,” which is why
few patients received methotrexate plus folinic acid
between 1964 and 1990.
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After human chorionic gonadotropin normalisation,
most patients received consolidation chemotherapy, which
has been standardised to three cycles since 2012.% Post-
treatment monitoring of human chorionic gonadotropin
concentrations in serum, urine, or both varied from once
every 2 weeks to monthly during the first 12 months and
with decreasing frequency thereafter, according to local
centre preferences.**”

The following clinical, biochemical, and pathological
variables were retrieved from medical records: age,
gravidity, parity, pretreatment human chorionic gonado-
tropin concentration, histopathological diagnosis of
choriocarcinoma, antecedent pregnancy, FIGO stage,
sites of metastases, and FIGO risk score.

Regarding the treatment outcomes, the following
variables were studied: time between the end of
antecedent pregnancy and the beginning of chemo-
therapy, chemotherapy regimen used (single-agent or
multiagent) and number of cycles needed to reach
remission, occurrence of chemoresistance, need for
surgery due to chemoresistance, time to remission, and
occurrence of relapse or death.

Remission was defined as normalisation of human
chorionic gonadotropin concentrations (to <5 IU/L),
measured at least weekly for 4 weeks. Chemoresistance
was considered only after 1-2 cycles of chemotherapy
when at least three human chorionic gonadotropin
values indicated a plateau (with each reading varying by
no more than 10%) or when at least two human chorionic
gonadotropin values, measured over at least 2 weeks,
showed an increase. Relapse was diagnosed when, after
remission, human chorionic gonadotropin concen-
trations increased, with or without the appearance of
metastases and in the absence of a new pregnancy.

Outcomes

The primary outcome was the incidence of chemo-
resistance after firstline or second-line single-agent
chemotherapy. Secondary outcomes were time to
remission and the occurrence of relapse or death due to
gestational trophoblastic neoplasia.

Statistical analysis

No sample size calculation was done for this cohort
study; all eligible patients who completed follow-up were
included in the analysis.

Factors associated with chemoresistance in patients
with low-risk gestational trophoblastic neoplasia
presenting with a FIGO risk score of 5 or 6, who were
given single-agent chemotherapy were initially identified
by use of univariate tests for association of categorical
variables (x2 test or Fisher’s exact test), and Student’s
t test for continuous variables. Statistical significance
was set at a two-tailed p value of less than 0-05.

Univariate logistic regression models were constructed
by use of the glm function of the statistics package
(R version 3.4.3) to analyse the association between

variables of interest and risk of resistance. We generated
nested multivariable models including variables with a
significant and non-significant association with single-
agent resistance. These models were compared by
evaluation of the Akaike information criterion, use of
likelihood ratio tests, and use of cross-validation to
generate an optimal predictive model. Multicollinearity
was tested by evaluation of the variance inflation factor
(with car package in R; appendix 2 p 3).

The association between pretreatment human chorionic
gonadotropin concentration and positive predictive value
(PPV) within risk subgroups, predefined according to
choriocarcinoma and metastatic disease status, was
assessed by bootstrap modelling. The bootstrap method
enabled us to calculate the human chorionic gonadotropin
concentration values at PPV thresholds of interest with
80% Cls by resampling from a single dataset. Patients
were selected at random with replacement from the
original dataset to create 10000 resampled datasets of the
same sample size as the original. The median pretreatment
human chorionic gonadotropin concentration and 80%
CIs were then calculated at PPV values of interest.

This procedure enabled us to determine human
chorionic gonadotropin concentration thresholds and
associated 80% Cls above which patients should be
offered first-line multiagent chemotherapy, according to a
prespecified PPV cutoff of 0-8. We considered human
chorionic gonadotropin concentrations corresponding to
a PPV for resistance of at least 0-8 (ie, of 100 patients with
a value above a specific concentration, 80 would be
expected to be resistant to one or two sequential single-
agent treatments) as a threshold to define an unacceptably
high risk of resistance to single-agent chemotherapy, and
we predefined the upper bound of the 80% CI at this PPV
as a cutoff, above which multiagent chemotherapy should
be given. To test the utility of the proposed hCG thresholds
among contemporary patients, we evaluated their
performance in patients treated since the year 2000, when
the updated FIGO risk classification was introduced. We
additionally explored human chorionic gonadotropin
concentration thresholds at a range of PPV cutoffs in a
post-hoc analysis to help guide patients and clinicians in
shared decision making around the optimal choice of
first-line therapy depending on individual factors.

Role of the funding source
There was no funding source for this study.

Results

Between Jan 1, 1964, and Dec 31, 2018, 5025 patients with
low-risk  gestational trophoblastic neoplasia were
diagnosed and treated, of whom 506 had a FIGO risk
score of 5 or 6 (figure 1). Of these patients, 75 (15%) were
subsequently excluded. As such, 431 patients with a FIGO
risk score of 5 of 6 were included for analysis in this study.
The clinical and therapeutic characteristics of these
patients are shown in table 1. Baseline characteristics
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| 5025 patients with low-risk gestational trophoblastic neoplasia screened |

—>| 4519 had a FIGO risk score of 0-4

A4

| 506 had a FIGO risk score of 5 or 6 |

75 excluded

28 lost to follow-up <12 months after remission
21 had incomplete data
13 were pregnant <12 months after remission

13 received etoposide as first-line single-agent chemotherapy

A4

431 received first-line chemotherapy

v

351 received single-agent
regimen

|
v v

v

regimen

80 received multiagent

|
v

140 had remission

211 developed resistance

v

71 had remission

9 developed resistance

v

103 received second-line
single-agent regimen

|
v v

v

108 received second-line
multiagent regimen

|
v v

70 had remission 33 developed

resistance

91 had remission 17 developed

resistance

v

v

32 had remission

16 had remission

A 4

7 had remission after

after multiagent after multiagent multiagent
chemotherapy chemotherapy chemotherapy
A4 v ¢ v ¢ 4 ¢
8 relapsed | | 3 relapsed | | 1 relapsed | | 5 relapsed | | 0 relapsed | | 2 relapsed | | 2 relapsed

1di

1d

v

| 428 alive and follow-up ongoing |

Figure 1: Flow diagram summarising the derivation and outcomes of the study population

FIGO=International Federation of Gynaecology and Obstetrics.

were similar across reference centres for important
variables, including age, pretreatment human chorionic
gonadotropin concentration, resistance to first-line
chemotherapy, need for surgery after chemoresistance,
and incidence of relapse or death (appendix 2 p 5). The
duration of human chorionic gonadotropin follow-up
after completion of treatment varied between the three
centres, as previously described.**” However, all patients
included in this study had a minimum of 2 years

follow-up, which is known to be when nearly all relapses
will have occurred.” Median time to remission was
18 weeks (IQR 14-22). 21 (5%) patients had a relapse due
to gestational trophoblastic neoplasia and three (1%) died
because of gestational trophoblastic neoplasia.

351 (81%) patients received a first-line single-agent
regimen, 103 (29%) of whom developed resistance and
were then given a second single-agent regimen (figure 1).
Most patients (259 [74%)] of 351) were treated from the year
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Patients (n=431)
Age, years 31(26-40)
Gravidity 2(1-3)
Parity 1(0-2)
Pretreatment hCG concentration, 1U/L 65035 (18 255-159 335)

<10000 77 (18%)

10000-99999 169 (39%)

2100000 185 (43%)
Histopathology of choriocarcinoma 72 (17%)
Molar origin of gestational trophoblastic 365 (85%)
neoplasia
Non-molar origin of gestational 66 (15%)
trophoblastic neoplasia

Abortion 30 (7%)

Ectopic pregnancy 3 (1%)

Term or preterm 33 (7%)
Stage

| 309 (72%)

Il 15 (3%)

i 107 (25%)
Metastatic disease at presentation 122 (28%)
Choriocarcinoma with metastases 33 (7%)
Site of metastases at presentation

Lung 107 (25%)

Vagina 15 (3%)
Time between the end of pregnancy and 1(1-2)
beginning of chemotherapy, months
FIGO risk score

5 235 (55%)

6 196 (45%)
Single-agent first-line treatment regimen 351 (81%)

Number of cycles 6 (3-8)
Multiagent first-line treatment regimen 80 (19%)

Number of cycles 8(5-9)
Resistance to first-line chemotherapy 220 (51%)
Surgery after chemoresistance 51 (12 %)

Total abdominal hysterectomy 34 (8%)

Lung lobectomy 9 (2%)

Other 8 (2%)
Time to remission, weeks 18 (14-22)
Relapse 21 (5%)
Death 3 (1%)

Data are median (IQR) or n (%). FIGO=International Federation of Gynaecology
and Obstetrics. hCG=Human chorionic gonadotropin.

Table 1: Clinical and therapeutic characteristics of patients with low-risk,
FIGO stage 5 or 6 gestational trophoblastic neoplasia

2000 onwards, and 329 (94%) patients, who were treated
from 1990 onwards, had access to modern imaging
techniques (ie, CT and MRI). The clinical features of the
351 patients who received a first-line single-agent regimen
according to treatment outcome are shown in appendix 2
(p 6). 141 (40%) of 351 patients developed resistance to
single-agent treatments, used once or twice in a sequential
manner, and required multiagent chemotherapy to

achieve remission. Consequently, 210 (60%) of 351 patients
had remission with one or two sequential single-agent
therapies. Compared with those who had remission, those
with chemoresistance had higher pretreatment human
chorionic gonadotropin concentrations (p<0-0001), more
frequent histopathology of choriocarcinoma (p=0-0007),
and a higher prevalence of metastatic choriocarcinoma
(p=0-0022; appendix 2 p 6).

To identify variables associated with chemoresistance,
we initially used univariable logistic regression analysis.
Metastatic disease status (odds ratio [OR] 1-6 [95% CI
1-0-2-6], p=0-044), choriocarcinoma histology (3-0
[1-6-5-6], p=0-0006), and a pretreatment human
chorionic gonadotropin concentration of more than
100000 TU/L (3-8 [2-0-7-5], p<0-0001) were identified as
significant predictors of resistance to single-agent
chemotherapy; all other variables (age, time to antecedent
pregnancy, antecedent pregnancy, tumour stage, and
pretreatment human chorionic gonadotropin concen-
tration of 100000 IU/L or less) were not found to be
significant predictors (figure 2A). Notably, as a continuous
variable, pretreatment human chorionic gonadotropin
concentration was also significantly associated with risk
of resistance (2-4 [1-7-3-4], p<0-0001). Consistent with
these results, nested multivariable logistic regression

models also identified metastatic disease status
(1-9 [1-1-3-2], p=0-018), choriocarcinoma histology
(37 [1-9-7-4], p=0-0002), and pretreatment human

chorionic gonadotropin concentration (2-8 [1-9-4-1],
p<0-0001) as significant predictors of resistance to
single-agent chemotherapy (figure 2B). These three
factors were independently significantly associated with
risk of chemoresistance (figure 2B). Multicollinearity was
not present between these variables (variance inflation
factor <1-1; appendix 2 p 7).

The finding that metastatic disease status and
choriocarcinoma histology were independently associated
with risk of resistance to single-agent chemotherapy
suggests that patients can be stratified on the basis of
these variables. The notion that the effect of pretreatment
human chorionic gonadotropin concentration on risk of
resistance varies according to choriocarcinoma histology
and metastatic disease status was supported by a
significant interaction between these terms and pretreat-
ment human chorionic gonadotropin concentration
(appendix 2 p 2).

To improve our ability to develop a new risk classification
system, we divided patients into the following four clinical
subgroups based on choriocarcinoma histology and
metastatic disease status: (1) no choriocarcinoma and no
metastatic disease; (2) choriocarcinoma but no metastatic
disease; (3) no choriocarcinoma but with metastatic
disease; and (4) choriocarcinoma with metastatic disease.
Visualisation of the association between pretreatment
human chorionic gonadotropin concentration and risk of
resistance predicted by the multivariable model revealed
substantial differences in the relationship between

www.thelancet.com/oncology Published online June 25,2021 https://doi.org/10.1016/51470-2045(21)00262-X



Articles

A
With risk factor ~ Control OR (95% CI) p value
(n/N) (n/N)

Age (vs <median)

>Median 65/110 76/100 —— 0-8 (0:5-1-2) 0-25
Time to antecedent pregnancy, months (vs <6)

>6 8/12 133/198 R 1.0 (0-4-2-5) 0-99
Antecedent pregnancy (vs molar)

Non-molar 24/25 117/185 1 1.5 (0-8-2-8) 018
Metastases 46/48 95/162 —— 1.6 (1.0-2:6) 0.044
Stage (vs stage |)

Il 40/44 95/162 ' 1.6 (0:9-2:5) 0084

It 6/4 95/162 = 2.6 (07-9:3) 015
Pretreatment hCG (vs <10 000)

10000-100 000 47/108 16/45 — 12 (0-6-2-4) 0-55

>100000 78/57 16/45 —. 3-8 (2:0-7-5) <0-0001
Choriocarcinoma 31/18 110/192 —— 3.0 (1-6-5-6) 0-0006
Metastatic choriocarcinoma 13/5 128/205 —_— ) 42 (1-.5-12.0) 0-0080

O-I25 O!5 10 2!0 4!0
—>
Favours remission Favours resistance
withsingle-agent  to single-agent
chemotherapy ~ chemotherapy
B
OR (95% Cl) p value
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Figure 2: Predictors of resistance to single-agent therapy

Forest plots show univariable analysis (A) and multivariable analysis (B) of factors contributing to risk of single-agent chemotherapy failure. OR=odds ratio.

hCG=human chorionic gonadotropin.

pretreatment human chorionic gonadotrophin concen-
tration and risk of resistance among the four groups,
consistent with the described interaction between this
variable, metastatic disease status, and choriocarcinoma
histology (appendix 2 p 8).

Based on these findings, we next modelled the
association between human chorionic gonadotropin
concentration and risk of resistance to single-agent
chemotherapy separately across the four groups, with the
aim of simplifying our new classification system.

Given that most patients (13 [72%] of 18) with
metastatic choriocarcinoma who received single-agent
chemotherapy did not have remission, regardless of
pretreatment human chorionic gonadotropin concen-
tration, we reasoned that this group could confidently
start multiagent chemotherapy and be excluded from
further modelling analyses. Additionally, there were
only few patients (31 [9%)] of 351) with choriocarcinoma
but without metastatic disease. Consequently, we
combined this group of patients with those who had
metastatic disease without choriocarcinoma (n=76) to
form a new composite category of patients with a

single-risk factor (group 1; n=107). We then separately
modelled the association between pretreatment human
chorionic gonadotropin concentration and the PPV of
resistance to single-agent chemotherapy in patients
without choriocarcinoma or metastases (ie, those with
no risk factors; group 0; n=226) and those with one risk
factor (ie, either choriocarcinoma or metastases;
group 1). Human chorionic gonadotropin values were
similar between patients in each group, across the three
centres (appendix 2 p 9).

In group 0 patients, we found that a median pretreat-
ment human chorionic gonadotropin concentration
of 264000 TU/L (80% CI 195000—411000) identified high-
risk patients (PPV=0-8). Taking the upper boundary of the
80% CI, nine (4%) of 226 patients in this group would be
selected to proceed directly to multiagent chemotherapy
(figure 3A). In group 1 patients, we found that a median
pretreatment human chorionic gonadotropin concen-
tration of 86000 IU/L (62600-149000) identified high-risk
patients. Taking the upper boundary of the 80% CI,
15 (14%) of 107 patients in this group were selected for
primary multiagent chemotherapy (figure 3A). To verify
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Figure 3: Association between pretreatment hCG concentration and risk of resistance to single-agent therapy
(A) Plots showing the predicted probability of resistance according to pretreatment hCG concentration, generated by
use of separate logistic regression models for patients in group 0 (those without metastases and choriocarcinoma)
and group 1 (those with either metastases or choriocarcinoma). Dashed lines represent upper boundary hCG
thresholds to reach a PPV of 0-8 (411000 IU/L in group 0 and 149 000 IU/L in group 1). The proportion of patients
with a hCG concentration above these thresholds are indicated in table 2. The shaded bands represent 95% Cls
around the predictions. (B) Association between PPV and pretreatment hCG concentration for group 0 and group 1
patients. At selected PPV values, the median hCG concentration (red dots) and 80% Cls (error bars) are shown.
hCG=human chorionic gonadotropin. PPV=positive predictive value.

that these thresholds apply to contemporary patients, we
tested their performance in patients who had received
treatment since Jan 1, 2000. Among 182 patients in
group 0, the PPV for a pretreatment human chorionic
gonadotropin concentration threshold of 411000 IU/L
was 0-86 (seven patients had a pretreatment human
chorionic gonadotropin concentration above this thres-
hold, of whom six were resistant to single-agent chemo-
therapy). Among 68 patients in group 1, the PPV for a
pretreatment human chorionic gonadotropin concen-
tration threshold of 149000 [U/L was 1-00 (12 patients had
a pretreatment human chorionic gonadotropin above this
threshold, all of whom were resistant to single-agent
chemotherapy).

Finally, to further guide patients and clinicians in
decisions regarding choice of therapy, we investigated
the association between PPV and pretreatment human
chorionic gonadotropin concentration, revealing an
approximately linear response up to a concentration of
300000 IU/L in group 0 and 150000 IU/L in group 1
(figure 3B). Pretreatment human chorionic gonadotropin
concentrations at different PPV thresholds are presented

Upper hCG boundary, Number of
U/L patients*

PPV in group O patients

0-60 234000 28

0-65 322000 13

0-70 292000 15

0-75 324000 11

0-80 411000 9

0-85 444000 8

0-89 424000 8

PPV in group 1 patients

0-60 63000 38

0-65 73000 31

0-70 86000 25

0-75 109000 22

0-80 149000 15

0-85 202000 11

0-90 225000 11
The hCG value at the upper boundary of the 80% Cl to reach each target PPV of
0-8 is shown. Group 0 included patients without choriocarcinoma or metastases,
and group 1 included patients with choriocarcinoma or metastases. hCG=human
chorionic gonadotropin. PPV=positive predictive value. *Represents the number
of patients with a pretreatment hCG concentration higher than the upper
boundary in each group.
Table 2: Association between pretreatment hCG concentration and PPV
in group 0 and group 1 patients.

to assist with the shared decision making of clinicians
and patients in the selection of single-agent versus
multiagent chemotherapy (table 2). Based on our
findings, we propose a treatment algorithm for patients
with low-risk gestational trophoblastic neoplasia with a
FIGO risk score of 5 or 6 (figure 4).

Discussion

The FIGO prognostic risk scoring system is widely used
to guide the treatment of patients with gestational
trophoblastic neoplasia. Patients with low-risk gestational
trophoblastic neoplasia should be given single-agent
chemotherapy, and those classified as having high-risk
gestational trophoblastic neoplasia should receive multi-
agent chemotherapy regimens. Controversy remains as
to whether patients with a FIGO risk score of 5 or 6
should initially receive single-agent chemotherapy or
more toxic multiagent chemotherapy, as it is widely
thought only a third of patients have remission with
initial single-agent treatment.’ Indeed, some clinicians
argue that patients with a FIGO risk score of 5 or 6
should all simply be given multiagent chemotherapy to
ensure the maximum likelihood of attaining rapid
remission.” However, in the world’s largest retrospective
multicentre study, we show that 60% of patients with a
FIGO risk score of 5 or 6 had remission with single-agent
chemotherapy, either when used as a first-line or second-
line treatment. Consequently, our data show that patients
with a FIGO risk score of 5 or 6 deserve a more nuanced
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Low-risk gestational trophoblastic neoplasia with a FIGO risk score of 5 or 6 (n=351) |

v

No metastatic disease
or choriocarcinoma (n=226)

v

hCG 2410000 IU/L*

v v

v v

Metastatic disease and
choriocarcinoma (n=18)

Metastatic disease or
choriocarcinoma (n=107)

v v

hCG =150000 IU/Lt Multiagent chemotherapy

(EMA/CO)

v

dactinomycin)

No (n=217) Yes (n=9) No (n=92) Yes (n=15)
Single-agent chemotherapy Multiagent chemotherapy Single-agent chemotherapy Multiagent chemotherapy
(methotrexate or (EMA/CO) (methotrexate or (EMA/CO)

dactinomycin)

Figure 4: Proposed algorithm for treating patients with low-risk gestational trophoblastic neoplasia presenting with a FIGO risk score of 5 or 6
FIGO=International Federation of Gynaecology and Obstetrics. hCG=human chorionic gonadotropin. EMA/CO=etoposide and methotrexate plus folinic acid rescue
and dactinomycin, alternating with cyclophosphamide and vincristine. *Rounded from 411000 to 410 000 to facilitate memorisation and clinical use. tRounded

from 149 000 to 150 000 to facilitate memorisation and clinical use.

approach than current practices in some parts of
the world.

The question arises of why the overall proportion of
patients who have remission after treatment with
single-agent chemotherapy is much higher in our cohort
of patients with a FIGO risk score of 5 or 6 than in most
previously published series and reviews.” 2% Several
explanations are possible, including the fact that previous
studies had smaller numbers of patients with a FIGO risk
score of 5 or 6, and that they only considered one rather
than two sequential single-agent therapies as a means to
achieve remission. Indeed, the choice of whether and
when to use a second single-agent regimen rather than
a multiagent regimen varies greatly between centres
and reports.””* However, such sequential single-agent
chemotherapy is substantially less toxic to patients
than multiagent chemotherapies, such as EMA/CO.
Sequential single-agent chemotherapy is associated with
occasional and mild side-effects (typically only grade 1-2
in severity), including oral mucositis, nausea, and hair
thinning. By contrast, EMA/CO frequently causes
grade 1-4 toxic effects, including myelosuppression with
a risk of neutropenic sepsis, total alopecia, nausea and
vomiting, profound lethargy, peripheral neuropathy, and
long-term risks of early menopause.”® Additionally,
long-term multiagent chemotherapy can cause secondary
cancers.”” Finally, we noted that 80 (19%) of 431 patients
received multiagent chemotherapy from the outset
(figure 1). This choice of therapy occurred largely because
of the results of previous studies suggesting that a
pretreatment human chorionic gonadotropin concen-
tration of more than 400000 IU/L* or the presence of
metastatic choriocarcinoma® indicated a high risk of
resistance to single-agent chemotherapy. Indeed, our
study verifies and advances these observations. Even
though patients given multiagent chemotherapy were not

included in our subsequent analysis, we cannot exclude
the possibility that this omission has somehow artificially
enhanced the observed response rates to single-agent
chemotherapy in the remaining patients. Differences
between human chorionic gonadotropin assays used
among the three centres are unlikely to compromise our
findings, since the distribution of pretreatment human
chorionic gonadotropin values were similar across
the centres.

A key question for us was how to establish which of the
remaining 141 (40%) of 351 patients who will go on to
develop resistance to single-agent chemotherapy might
be suitable for first-line multiagent chemotherapy.
Previous studies evaluating the pretreatment uterine
artery pulsatility index and a human chorionic
gonadotropin concentration of 400000 IU/L as predictors
of resistance to single-agent chemotherapy, and genetic
studies of tumoral microRNA have not been
validated.***** Qur data show that pretreatment serum
human chorionic gonadotropin concentrations, a
diagnosis of choriocarcinoma, metastatic disease, and
combined choriocarcinoma and metastatic disease are all
predictive of resistance to single-agent chemotherapy
with methotrexate plus folinic acid or dactinomycin when
used as first-line or sequential first-line and second-line
therapies. These findings alone are not surprising.
However, we have shown for the first time, to our
knowledge, that patients with a FIGO risk score of 5 or 6
can be stratified to receive initial EMA/CO chemotherapy
by clinical subgroup and pretreatment human chorionic
gonadotropin concentration, and we proposed a clinical
decision algorithm based on our findings. For patients
with no metastatic disease and no choriocarcinoma,
single-agent chemotherapy is appropriate for more than
95% of patients, and we recommend considering treat-
ment with multiagent chemotherapy only in patients
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with a pretreatment human chorionic gonadotropin con-
centration of 410000 IU/L or higher. For patients with
metastatic disease or histopathological evidence of chorio-
carcinoma, single-agent chemotherapy is still appro-
priate for most patients. However, a pretreatment human
chorionic gonadotropin concentration of 150000 IU/L or
higher in this subgroup is associated with an approxi-
mately 80% risk of chemoresistance to single-agent
treatment, either in the firstline or second-line of
chemotherapy, indicating that primary treatment with a
multiagent chemotherapy regimen is appropriate. Finally,
all patients with metastatic disease and choriocarcinoma
should be given upfront multiagent chemotherapy.

Limitations of the present study include the inherent
bias introduced by its retrospective nature. Ideally, our
findings should be validated in a prospective and
preferably randomised trial, but given the rarity of the
disease, this type of study is not practical. Additionally,
over the 54-year period of study there were changes
in clinical management, including in the radio-
logical techniques used to detect metastases, and in
human chorionic gonadotropin assays, and we had to
re-score patients treated before 2000 according to FIGO
criteria.” However, our analysis of patients treated after
Jan 1, 2000, revealed similar results to the analysis of all
patients, indicating that our proposed pretreatment
human chorionic gonadotropin thresholds for choosing
EMA/CO in group 0 and 1 patients are relevant for
present-day practice. Most patients in our study had a
uterine evacuation and a histologically diagnosed molar
pregnancy, which, on subsequent monitoring, showed
plateaued or increasing serum human chorionic
gonadotropin concentrations indicative of malignant
change to gestational trophoblastic neoplasia. A repeat
biopsy to identify the type of gestational trophoblastic
neoplasia at this point is contraindicated because of
the risk of causing life-threatening haemorrhage. It
is therefore possible that a proportion of patients
classified as having molar disease, in fact had chorio-
carcinoma or other histologies. However, our data show
that we can effectively stratify patients in a clinically
meaningful way based on the real-world diagnosis of
gestational trophoblastic neoplasia, including in those
who have had a miscarriage or an ectopic pregnancy,
without histology. In terms of possible differences in
the distribution of patient human chorionic gonado-
tropin concentrations between centres, our study
was not powered to detect between-site differences,
particularly given the small size of particular patient
subgroups.

We acknowledge that hysterectomy is an alternative
method to avoid chemotherapy for any woman with
localised disease who does not intend to have more
children. Notably, deriving the study population from
different health-care models and countries allows
grouping of patients with a FIGO risk score of 5 or 6 who
have differing demographic characteristics; therefore,

the results of our study could potentially be applicable
internationally.

In conclusion, identifying patients with low-risk
gestational trophoblastic neoplasia presenting with a
FIGO risk score of 5 or 6 who have a higher chance of
chemoresistance to single-agent chemotherapy is
possible by use of widely available clinical findings at
diagnosis. Indeed, the prognostic factors of pretreatment
human chorionic gonadotropin concentration, metastatic
disease status, and choriocarcinoma histology (when
tissue can be obtained safely) are readily ascertained by
simple diagnostic tests. Most patients with a FIGO risk
score of 5 or 6 can start therapy with single-agent
methotrexate plus folinic acid, with the expectation that
60% of patients will enter remission with this regimen or
after sequential use of dactinomycin.®* First-line
multiagent chemotherapy should be reserved only for
the following patients: (1) those with no metastatic
disease and no choriocarcinoma, who have pretreatment
human chorionic gonadotropin concentrations of
410000 IU/L or higher; (2) those with metastatic disease
or histopathological evidence of choriocarcinoma and
pretreatment human chorionic gonadotropin concen-
trations of 150000 IU/L or higher; and (3) those with
metastatic disease and choriocarcinoma. This risk-
stratified approach might help maximise initial responses
to therapy, while minimising unnecessary excessive
exposure to toxic multiagent chemotherapy. Finally, this
rare group of patients should be referred to a gestational
trophoblastic neoplasia reference centre whenever
possible to obtain expert diagnosis and ensure proper
treatment.
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