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Summary

The FIGO 2000 Prognostic Scoring System is a global standard for prognostication in patients with gestational
trophoblastic neoplasia (GTN). However, the system has not been updated in over 20 years, and in clinical practice it
has several critical limitations, including inadequate assessment of single-agent chemotherapy resistance and overuse
in unsuitable clinical scenarios. This review critically examines these shortcomings and summarizes recent efforts to
refine the system. After identifying its limitations, we propose novel refinements: instead of relying on a single
system to address multiple clinical objectives, we advocate for specialized scoring models, each tailored to a specific
clinical goal. This approach simplifies and enhances the effectiveness of prognostic assessments. Additionally, bio-
logical and genetic markers must be integrated into these models to improve accuracy. Looking ahead, we emphasize
the need for advanced technologies and multicentre collaboration to build more personalized and adaptive GTN
management frameworks, ultimately improving clinical practice and outcomes.
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Introduction

Gestational trophoblastic neoplasia (GTN) describes a
spectrum of rare gynaecological malignancies origi-
nating from gestational trophoblastic cells. GTNs can be
categorized into four main histopathological subtypes:
invasive mole (IM), choriocarcinoma, placental site
trophoblastic tumour (PSTT), and epithelioid tropho-
blastic tumour (ETT).! Over 90% of patients achieve
complete remission with effective chemotherapy regi-
mens and standardized comprehensive management
strategies. Human chorionic gonadotropin (hCG), a
specific biomarker for GTN, is crucial for early detection
and monitoring treatment efficacy. However, individual
responses to treatment are heterogeneous, mandating
standardized and accurate prognostic tools.

This need for prognostication led to the development
of the International Federation of Gynaecology and
Obstetrics (FIGO) 2000 Prognostic Scoring System for
GTIN (hereafter referred to as FIGO 2000). The FIGO
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2000 system, recognized globally, sets the standard for
evaluating the prognosis and clinical status of patients
with GTN, particularly those with invasive mole and
choriocarcinoma (the unique clinicopathological char-
acteristics of PSTT and ETT mean that the FIGO system
is not applicable to these subtypes).'* FIGO 2000 cate-
gorises GTN patients based on pre-chemotherapy
scores: 0-6 indicates a “low risk” of single-agent
chemotherapy resistance, leading to treatment with
methotrexate (MTX) or actinomycin-D (Act-D), while
scores of 7 or higher indicate “high risk,” necessitating
multi-agent chemotherapy (Table 1). The 2015 update
introduced an ultra-high-risk category, enhancing the
system’s prognostic accuracy by aligning scores more
closely with outcomes.*

Methods

Search strategy and selection criteria

Data contributing to the section “Insights and chal-
lenges to refining FIGO 2000” were identified by
searching the PubMed and Web of Science databases
from January 1, 2017 to February 1, 2024 using the
following search terms: in PubMed, “gestational
trophoblastic neoplasia [Title]” AND (“prognostic sys-
tem [Title/Abstract]” OR “scoring system [Title/Ab-
stract]” OR “risk factor [Title/Abstract]”) and “model
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>13 or extensive metastasis.

Risk factor 0 1 2 4

Age <40 years >40 years = =

Antecedent pregnancy Mole Abortion Term -

Interval from index pregnancy (months) <4 4-6 7-12 >12
Pre-treatment serum hCG (IU/L) <10° 103-10* 10*-10° >10°

Largest tumour size (including uterus) <3 m 3-4 cm >5cm

Site of metastases Lung Spleen, kidney Gastrointestinal Liver, brain
Number of metastases 0 1-4 5-8 >8

Previous failed chemotherapy No - Single-agent Multiple-agent

Note: Total scores of 0-6 indicate low risk, 7 or higher indicate high risk. An ‘ultra-high-risk’ category was introduced in the 2015 FIGO GTN updates guidelines for scores

Table 1: The FIGO 2000 prognostic scoring system.

[Title/Abstract]”; and in Web of Science: TI=(gestational
trophoblastic neoplasia) AND (T'S=(prognostic system)
OR TS=(scoring system) OR TS=(risk factor)) AND
TS=(model). Finally, seven studies were included in the
review.

The inclusion criteria were: (i) retrospective or pro-
spective studies; (ii) focus on prognostic scoring,
chemotherapy resistance, or treatment evaluation in
GTN; (iii) propose a new model; and (iv) sample size
>100 cases. Abstracts, conference reports, and grey
literature were excluded unless directly related to pre-
viously published peer-reviewed work. 2017 was selected
as the start date because the most recent influential re-
view on FIGO prognostic scoring by Parker et al. was
published in 2017.

Role of funding source

The funding sources had no role in the study design;
writing the report; nor the decision to submit the article
for publication.

Current limitations of FIGO 2000: evaluating

its evidence base

FIGO 2000 was pivotal in standardizing prognostic
evaluations of patients with GTN. GTN prognostic
scoring evolved over the decades from initial rudimen-
tary classifications to the sophisticated and standardized
system we now recognize as FIGO 2000.”'* FIGO 2000,
finalized in 1999, was based on numerous retrospective
clinical studies of diverse patient cohorts across the
world."*** Nevertheless, despite inclusion in the scoring
system, the methodologies and conclusions from these
studies were inconsistent.

Notably, the methodologies used in the studies un-
derpinning FIGO 2000 were extremely diverse, with
varied inclusion criteria such as presence of metastasis,
consistency of chemotherapy regimens, and prior
chemotherapy exposure. Inclusion criteria did not
consistently specify whether PSTT or ETT were
excluded, and the studies spanned several decades,
adding further heterogeneity in treatment. For example,

Lurain et al. analysed drug resistance in 139 patients
with metastatic lesions from 1969 to 1988, without
restricting to single- or multi-agent therapy. Kim et al.
examined 165 patients treated with the EMA/CO (eto-
poside, methotrexate, actinomycin-D, cyclophospha-
mide, vincristine) regimen from 1982 to 1995,
concentrating on factors associated with deaths.” These
variable study designs and objectives underscore the
complexity of creating a unified prognostic system
without introducing biases.

Moreover, the conclusions of retrospective studies
were highly heterogenous. While many studies defined
chemotherapy resistance as their primary endpoint,
others, like Kim et al., prioritized survival,”® with these
differences in outcome definitions complicating direct
comparisons. Therefore, the evidence base for FIGO
2000 is characterized by relatively poor-quality evidence
and limited reproducibility, relying instead on the clin-
ical experience and insights of ISSTD members rather
than empirical data.’

The inclusion of treatment modalities other than
single-agent chemotherapy calls the reliability of FIGO
2000 for assessing single-agent chemotherapy success
rates into question. There is therefore a need for a more
evidence-based, universally applicable, and reproducible
prognostic framework to enhance treatment outcomes
and consistency in GTN management.

Re-examining prognostic risk factors in FIGO 2000
beyond established parameters

For contemporary use, there is growing interest in re-
examining the risk factors included in FIGO 2000,
particularly those that have an uncertain impact on
outcomes. The evidence consistently links chemo-
therapy resistance to pre-treatment hCG levels, ante-
cedent pregnancy, and maximal tumour diameter.
However, the prognostic relevance of age is still
debated.**

Recent studies have revisited factors previously
overlooked within FIGO 2000, not least the significance
of pulmonary metastasis and the characteristics of
uterine lesions.”*” In 2015, Vree et al. were among the
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first to suggest a prognostic role for pulmonary metas-
tasis in GTN, comparing outcomes in a cohort of 72
GTN patients with pulmonary metastasis against 362
without, noting a markedly higher recurrence rate in the
former group (16.7% vs. 2.2%, p < 0.0001).* Frijstein
et al. analysed outcomes after single-agent therapy in 65
GTN patients with pulmonary metastasis and 975
without, identifying increased MTX resistance (60% vs.
38.9%, p = 0.001) and a higher recurrence rate (9.2% vs.
2.7%, p = 0.012) in patients with metastasis.” However,
these analyses predominantly used chest X-rays to di-
agnose pulmonary metastasis, which might fail to detect
small nodules or accurately determine nodule size. A
more recent 2022 study using CT to detect metastases
reported that nodules >1.8 cm were significant pre-
dictors of resistance to multi-agent chemotherapy and
recurrence, thus highlighting the prognostic value of
detailed pulmonary nodule characterization for
prognostication.”

In terms of uterine lesions, Epstein et al. demon-
strated that large uterine GTN lesions (>4 cm) were
significantly associated with increased MTX resistance
(73% vs. 17%, p = 0.008).* These associations between
pulmonary and uterine lesions and GTN resistance
underscore the importance of comprehensive radiolog-
ical assessment prior to chemotherapy and the need to
include radiological factors in prognostic systems.

Revisiting weight assignments for risk factors in
FIGO 2000

In FIGO 2000, each prognostic risk factor is assigned 0,
1, 2, or 4 points, but the rationale behind these
weightings is opaque. For example, 1 point is assigned
to diverse factors including age >40 years, a termination
of pregnancy as the antecedent pregnancy, pre-
treatment hCG levels of 1000-10,000 IU/L, or a four-
to six-month interval from the index pregnancy
(Table 1). It is therefore important to consider whether
these diverse factors contribute equally to resistance or
affect survival outcomes, for which there is little
empirical support. Risk factor weights are ideally
determined based on large, homogeneous patient co-
horts using odds ratios (ORs) from multivariate logistic
regression. New models, ideally, should undergo both
internal and external validation.”” However, the studies
foundational to FIGO 2000 had variable inclusion
criteria, chemotherapy protocols, and primary out-
comes, making it challenging to establish objective
prognostic scoring standards.

Furthermore, metastases outside the reproductive
and pulmonary systems are of uncertain prognostic
significance. Notably, a 2020 study from China on 53
GTIN patients with metastases to the urinary system
reported an 80% efficacy rate (24/30) for first-line multi-
agent chemotherapy using the floxuridine, actinomycin
D, etoposide, and vincristine (FAEV) regimen.” In
instances of GTN metastasis to the brain, combining
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first-line multi-agent chemotherapy (either FAEV or
EMA/CO) with intrathecal MTX yielded efficacy rates of
72-80% and five-year survival rates of 71-85%.%'*
These findings underscore the need to re-evaluate the
distinct prognostic significance of different sites of
metastasis.

Some criteria within FIGO 2000, especially counting
metastases, are notably ambiguous. The current guide-
lines suggest only including lung nodules visible on X-
rays in the metastasis count,” but chest CT can reveal
micro-metastases, resulting in differences in prognostic
scores based on the imaging technique employed. Mi-
nor lung nodules identified by X-ray were though to
have a negligible impact on prognosis,** but recent
research suggests that any lung metastases are of
prognostic importance in patients with GTN.****?” The
significance and definition of metastasis counts within
the scoring system must therefore be reassessed.

Finally, FIGO 2000 may overestimate scores due to
significant associations between certain factors. For
example, patients whose antecedent pregnancy was full-
term (2 points) are often diagnosed with choriocarci-
noma, which is typically associated with a longer interval
from the index pregnancy, often seven months (2
points) or even over a year (4 points). Given that
choriocarcinoma is essentially high-risk disease, the
need to differentiate between several high-risk in-
dicators to advocate for multi-agent chemotherapy
seems superfluous. Neglecting the interrelationships
between risk factors could misjudge the severity of the
patient’s condition.

Refining definitions for low-risk groups in FIGO
2000
The FIGO 2021 guidelines (based on FIGO 2000) pro-
pose different treatment strategies depending on risk
group, recommending single-agent chemotherapy, such
as MTX or Act-D, for patients with low-risk GTN and
multi-agent chemotherapy for those at high risk. Effi-
cacies of MTX and Act-D vary in low-risk patients due to
different administration methods. A 2021 meta-analysis
demonstrated that remission rates with Act-D were
significantly higher than with MTX in low-risk patients
(81.2% [259/319] vs. 66.19 [199/301], OR 2.17), and also
that the side-effect profiles for each drug were
different.” Notably, pulse Act-D may be a more patient-
friendly option, particularly for those who cannot attend
daily for MTX therapy. Guided by FIGO, primary
remission rates are good, certain groups require prog-
nostic/predictive refinement, especially those scoring
5-6 or assigned high scores. Furthermore, 20-35% of
patients in the low-risk group develop resistance to first-
line chemotherapy, increasing to >60% in those with
scores of 5-6 and 80% in those scoring 6 points.***

A 2022 Chinese study revealed that 75.9% of GTN
patients with FIGO scores of 5-6 developed resistance
following first-line single-agent therapy, while only


http://www.thelancet.com

Review

15.2% of those receiving initial multi-agent chemo-
therapy showed resistance.” Another Chinese study of
135 patients receiving single-agent Act-D indicated that
patients with FIGO scores of 5-6 had a 15.2-times
greater risk of developing resistance to single-agent
chemotherapy than those with FIGO scores of 0—4
(p = 0.002).” The optimal treatment protocol for patients
scoring 5-6 clearly needs reconsidering. 2018 FIGO
GIN guidelines introduced a stratified treatment
scheme for the low-risk group, favouring multi-agent
chemotherapy for those scoring 5-6. The 2021 up-
date further highlighted the scoring system’s in-
adequacies for patients with these scores or those
diagnosed with choriocarcinoma, emphasizing the
increased resistance rates associated with single-agent
therapy and suggesting a lower threshold for multi-
agent chemotherapy.'

Addressing these issues, a 2021 multicentre cohort
study* proposed customizing the choice of single- and
multi-agent chemotherapy for patients scoring 5-6
based on specific clinical indicators. The study reported
that “choriocarcinoma pathology” and “extragenital
system metastasis” were critical predictors of chemo-
therapy resistance in this group. The authors recom-
mended multi-agent chemotherapy for patients lacking
these risk factors but with hCG levels >410,000 IU/L;
for those with one risk factor and hCG levels >150,000
IU/L; and for patients with both factors, advising an
immediate switch to multi-agent therapy. This
approach effectively amends the original scoring sys-
tem, indicating that the binary stratification into low and
high risk requires further nuanced discussion and
exploration.

Evaluating the 'ultra-high-risk’ category in FIGO
2000
The introduction of an “ultra-high-risk” category"* in
FIGO 2000 was a significant development that
addressed the precise classification of patients with
FIGO scores >12 or those with extensive metastasis. A
pivotal 2016 retrospective analysis by Bolze et al. re-
ported a notable five-year mortality rate of 38.4% in 29
patients with scores >13 compared with a 4.9% mor-
tality rate in high-risk patients with scores of 7-12.* A
subsequent study of 143 patients in China reported a
significantly lower five-year overall survival rate of 67.9%
for individuals scoring >12. Critical prognostic factors
identified through this study included a history of non-
molar pregnancy, presence of brain metastasis, previous
chemotherapy failures, and a history of surgery.*
While the ultra-high-risk category attempts to refine
prognostic accuracy by closely monitoring disease pro-
gression and forecasting outcomes, it also presents the
FIGO system with the considerable challenge of
precisely predicting treatment responses, recurrence
rates, or mortality within a comprehensive scoring
framework.

Shortcomings in recurrence risk assessment within
FIGO 2000

Recent studies have revealed notable deficiencies in
FIGO 2000’s ability to accurately evaluate recurrence
risk. Powles et al. reported that the time span from
pregnancy termination to starting chemotherapy was a
significant adverse predictor of recurrence or mortality
in high-risk GTN patients.” Further scrutiny of relapse
in a Chinese cohort indicated that patients experiencing
an interval of over one year after treatment faced a 6.6-
times relapse risk compared with those within a 12-
month interval (p < 0.001). This research also high-
lighted a previously unrecognized risk factor, namely a
period from treatment onset to the normalization of
B-hCG levels of >14 weeks, which was associated with a
2.2-times risk of relapse compared with patients
normalizing within 14 weeks (p = 0.030).** Additionally,
a recent investigation on lung metastasis by the same
team discovered that patients with lung nodules >1.8 cm
were at significantly increased risk of relapse (OR 5.137,
p = 0.045).” Despite the critical nature of these risk
factors, they still do not feature in the current prognostic
scoring systems, underscoring a crucial area for possible
improvement.

Insights and challenges to refining FIGO 2000

Since 2017, research on prognostic scoring systems for
GTN has predominantly relied on single-centre, retro-
spective data,”*?**=? with a focus on refining and
enhancing FIGO 2000. These efforts have led to the
introduction of new scoring factors and the identifica-
tion of prognostic indicators particularly relevant to
resistance against first-line chemotherapy in both uni-
variable and multivariable analyses. These studies,
together with the unique aspects of the revised prog-
nostic models, are summarized in Table 2.

In this research landscape, studies from China?"*
and the UK* have shared the goal of developing new
models by refining FIGO 2000. However, variability in
patient inclusion criteria and treatment strategies across
centres has probably contributed to differences in
regression analysis outcomes, with the interval from
pregnancy termination to the start of treatment consis-
tently identified as predictive of resistance, emphasizing
the heterogeneity of patient cohorts. Reliance on FIGO
2000 as the evaluative benchmark presumes its accu-
racy, which might detract from the clinical utility of
these new models. Qin et al. introduced an innovative
model to predict drug resistance that incorporated
uterine artery time-averaged mean velocity (UtA-
TAmean) with prognostic scores, which underwent
training and external validation.”

Braga et al.’s multicentre cohort study focused on
patients with FIGO scores of 5-6. Through regression
analysis, they established the comparative prognostic
value of choriocarcinoma and metastasis using three
distinct hCG cutoff values to assess the likelihood of
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Inclusion criteria and

Risk/prognostic factors

Study 1 Primary treatment Methodology Notes
cases considered
Single-agent ct herap Primary CR or 1) Factors such as hCG and the maximum
1420 cases (MTX or Act-D): FIGO resistance to primary treatment 1) Antecedent pregnancy diameter of the tumour were not significant in
<4 (mole, term) the logistic regression, which is a divergence
score < yoref P R
(PUMCH, 2002-2013) S QUi WDy 5 pern @i from other studies
Multi-agent chemotherapy FIGO prognostic system months, >12months) 2) The heterogeneity in treatment plans,
Low risk: 917
(FAV, FAEV or EMA/CO): Wi ettt il 3) Number of metastasis (>8) leading to different interventions, makes it
< oh ricke 4) Prior failure of inappropriate to conduct a joint logistic
Il S HICRkc el multivariate logistic regression ) L J &
Jiang et RRorocareinona analysis chemotherapy regression analysis on patients receiving
L 20 different chemotherapy regimens
al.
Score 0 1 2] 3 4
Antecedent pregnancy Mole Abortion, term
Interval (months) <6 7~12 >12
Number of metastases 0-8 >8
Metastasis sites None or vaginal/pelvic ~ Only lung Lung + other
Prior chemotherapy failure Single-agent Multi-agent
Comments: The regression results and HR values simplified the original prognostic scoring system, New low-risk group: <5 points , New high-risk group: =6 points
Inclusion criteria Risk/prognostic
Study 2 Primary treatment = Methodology Notes
and cases factors considered
Primary outcome: Resistance to first-line single-
oTe agent chemotherapy . L .
813 cases Single-agent 1) The regression analysis did not consider the
chemotherapy Objective: To simplify the FIGO 2000 system 1) Interval (>7 site of metastasis and history of chemotherapy
(Charing Cross (MTX): low risk months) failure as risk factors, as those patients directly

Hospital, 2003-2012)
Low risk: 725 cases

High risk: 88 cases

Eysbouts et
al. 20172

Multi-agent
chemotherapy

(EMA/CO): high

Data Analysis: Univariate, multivariate logistic
regression and Wald logistic regression analysis
were performed. The FIGO 2000 was used as the

gold standard to assess how many patients from

2) Pretreatment hCG
(>10000 IU/L)
3) Maximum tumour

size (>5 cm)

underwent multi-agent chemotherapy
2) The sole purpose of this study was to simplify
the original FIGO 2000 system, without making

any corrections to the shortcomings of the

risk the original low-risk group moved into the high- original prognostic scoring system
risk one
Original True- True- False- False- Identical
FIGO AUC positive negative positive negative
Model3 1 722 73 1 0 1 0.99 99.90%
Age
Antecedent pregnancy
Internal
Pretreatment serum hCG
Number of Risk classi i ding to FIGO 2000 was considered the ‘gold standard”

Comments: This study constructed three new models. It is believed that simplified Model3 is most in line with the original FIGO 2000, with only one person needing to be

transferred from the low-risk group to the high-risk group

(Table 2 continues on next page)

resistance to single-agent therapy in this intermediate-
risk subgroup.* This approach avoided direct compari-
son with FIGO 2000, potentially improving prognostic
scoring. The PREDICT-GTN1 study of 4191 patients
developed six new prognostic models using logistic
regression and machine learning, which were then
benchmarked against the original scoring system,’* but
these models were not statistically superior to FIGO. In
the follow-on PREDICT-GTN2 study, which used the
original cohort as the training set and 144 newly
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admitted patients as the validation set, the same team
developed three bivariate models based on hCG values,
concluding that simplified models could sufficiently
replace FIGO 2000.°2 Nevertheless, predicting resistance
to multi-agent therapy is still an unresolved challenge.
These studies highlight the complexities of proposing
updates within the established framework of FIGO
2000, particularly when evaluating the efficacy of single-
agent therapy using new models for patients who have
transitioned to multi-agent chemotherapy.


http://www.thelancet.com

Review

(Continued from previous page)
Inclusion criteria and Primary Risk/prognostic
Study 3 Methodology Notes
cases treatment factors considered
: e 5.6 Primary outcome: Resistance to first-line
IR R g S 4B . n 1) The treatment options for patients with
B chemotherapy
Cases Single-agent FIGO scores of 5-6 were judiciously
chemotherapy cactiver i A determined through f risk
(Charing Cross Hospital, Objective: To optimize the treatment decision- ) Ehesaeingg etermined through a process of ris|
(MTX): 351 cases . . : L factor stratification and hCG
UK; Rio de Janeiro making for patients with FIGO scores of 5-6 ) Biiiws
o . stratification, providing a logical
Trophoblasnf: (Dl Multizagent Data Analysis: Univariate and nested multivariate :CI\(;’I ; framework for decision-making
Centre, Brazil; New chemotherapy logistic regression analyses were used to construct d_) GRS 2) The study does not explicitly elucidate
. . isease
England Trophoblastic (EMA/CO): 80 the model; under the risk factor grouping, bootstrap whether the pathological diagnosis of
Disease Centre, 1964- Cases resampling was used to determine the hCG value “choriocarcinoma’ bears any correlation
2A0k) with an 80% positive predictive value for hCG to the non-molar pregnancy
Braga et
al. 2021 40 Low-risk GTN with FIGO risk score of 5 or 6
|
[
No metastatic disease or di or and
choriocarcinoma
hCG24100001U/L hCG21500001U/L
Single agent Single agent
chemotherapy chemotherapy Multiagent
chemotherapy
Multiagent Multiagent
chemotherapy chemotherapy
Comments: “Choriocarcinoma” and “metastatic disease” were treated as binary variables, and both were discussed as risk factors, resulting in three risk groups with 0, 1, and 2
risk factors respectively. Different hCG cut-off values were used for each risk group
Inclusion criteria and Risk/prognostic Characteristics of the new
Study 4 Primary treatment Methodology Notes
cases factors considered | model
The model, incorporating only
Primary outcome: Resistance to .
two factors, is represented by
first-line chemotherapy
the equation:
Objective: To construct a new y=—2.95332+0.41696xFIGO sc
sante whos t N 1) Only one
Patients whose first Single-agent prognostic model incorporating ore+0.03551xUtA-TAmean. ) Y
i A ultrasonographic
line therapy was chemotherapy: MTX ultrasonographic features The AUC is 0.757, with an
inal. (MTX:147 feature, UtA-TAmean,
single-agen : . 1o optimal cut-off of 0.5062, e
(the Women’s {raining set: cases Data analysis: For the training 1) FIGO score was utilized in the
cases - B o
Qin et al . . (myometrial invasion, set, univariate and multivariate 2) Uterine artery yielding a sensitivity of 45.2% study. However, this
) Hospital, Zhejiang ) . and a specificity of 96.6% < renli
2021 4 81.8%: 90/110 and logistic regression analyses were time-averaged mean P Y e feature is replicable
University School of : : > . A : . .
o ) without myometrial conducted on cases with velocity (Utd- Upon validation with a subset and readily obtainable
Medicine, China, rial lesi ) fruct TAmean) cm/s of 33 cases exhibiting in clinical practice
- . . o0/, myometrial lesions to construcf
2012-2018) invasion 18.2%; 20/110). . myometrial lesions, all four 2) Further external
the predictive model. Cross- o
Validation set: 37 cases patients exceeding the cut-off validation is still
o o validation was performed on the .
value demonstrated resistance required
training set, while internal
L X to MTX, resulting in a
validation was carried out on the
o sensitivity of 30.8% and a
validation set
specificity of 100%
(Table 2 continues on next page)

Future directions for refining FIGO 2000 for
GTN: developing multifaceted models for

diverse clinical outcomes

Tasked with guiding treatment decisions for a wide
spectrum of clinical scenarios, the current FIGO system

lacks the robust evidence base needed to achieve these
multiple clinical aims. To address this, it may be bene-
ficial to apply knowledge from scoring systems used for
other diseases, such as rheumatoid arthritis, to develop
a diversified scoring system that can predict a range of
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(Continued from previous page)

Inclusion criteria Risk/prognostic
Study 5 Primary treatment Methodology Notes
and cases factors considered

Primary outcome: Resistance to first-line

578 cases Single-agent regimens single-agent chemotherapy
the W 5 (5;dMIDGI8dIMIEXS 1) The diversity in treatment plans led to different
(thepomank: Ky MTX: 5-d Act. | Obiective: To simplify the FIGO 2000 . . . )
Hospital, Zhejiang ey 5 FULER 1) Antecedent interventions, making it inappropriate to conduct a
v Sl D;8-d5-FU): forlow-  YStem pregnancy (term) logistic regression analysis on populations with
Weng et niversity School o . ) ) .
2 s | Modicine, China, risk patients Data analysis: Several new models were 2) Interval (>12 different chemotherapy regimens
al. 2022 J d : .
AR, Multi-agent regimens constructed through univariate and months) 2) This study did not demonstrate that the new
a__g .. . 3) Pretreatment simplified model had superior efficacy to the FIGO
(EMA/CO, EMA/EP. multivariate logistic regression analyses. The
ol ’ ’ hCG (>100001U/L 2000 , thus diminishing the significance of
Lowriskiid7slcases FIGO 2000 was used as the gold standard to ¢ ) & =

TP/TE): for high-risk simplifying the model construction

High risk: 103 cases patients evaluate the consistency between the new

model and the old scoring system

Positive Negative
Predictive Predictive
Model  Risk Factor Predictive Predictive Sensitivity ~ Specificity ~ Accuracy
Positive Negative
Value Value
Interval;
Model 2 Pretreatment serum 168 271 0.196 0.952 0.717 0.656 0.663
hCG
Interval;
Pretreatment serum
hCG;
Model 4 174 265 0.201 0.958 0.761 0.646 0.658
Largest tumour size;
Antecedent
pregnancy
Age;
Interval;
Pretreatment serum
hCG:;
Model 6 Largest tumour size; 152 287 0.217 0.955 0.717 0.697 0.699
Number of
metastases;
Antecedent
pregnancy
Original FIGO 2000 0 439 0 0.985 0 1 0.895

Comments: Pretreatment hCG and interval were indispensable prognostic risk factors for first-line chemotherapy. Among the six simplified new models, the model that includes

the aforementioned two factors clearly had the stronger predictive performance

(Table 2 continues on next page)

clinical outcomes.*>** A set of tools, rather than one tool, B-hCG of <10% or an increase after >2 consecutive
could address specific clinical questions to improve courses of chemotherapy. Through retrospective
outcomes and prevent overtreatment or undertreatment. analysis of pre-treatment clinical characteristics and
By adopting separate systems for diagnosis, disease ac- treatment variables, such as the severity of adverse
tivity assessment, remission, and prognosis, such a drug reactions and the rate of hCG decline after
framework could allow for a more nuanced and treatment initiation, this aspect aims to predict
personalized assessment and prediction of outcomes for resistance to single-agent therapy.
patients under different treatment pathways, thereby 2. A model for assessing resistance to multi-agent
enhancing clinical decision-making and hopefully chemotherapy: This goal focuses on identifying
improving outcomes. We propose that the four main predictors of resistance to each different multi-agent
goals of predictive approaches should be: regimen (EMA/CO, FAEV, etc.), helping to select
the most appropriate treatment plan for each pa-
1. A model for predicting resistance to single-agent tient. However, for low-risk patients, establishing
therapy: In the 2021 FIGO updates, chemotherapy predictors of multi-agent resistance may lack an
resistance was defined as a decrease in serum evidence base, as most patients do not commence
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Characteristics
Inclusion criteria Primary
Study 6 Methodology Risk/prognostic factors considered of the new Notes
and cases treatment
model
1) The FIGO 2000 is
Primary outcome: Resistance to Six new still considered the
chemotherapy Modell: All 8 variables (SD) simplified gold standard
. models 2) Evaluating
Scored data (SD): Complete set of 8 Model2: All 8 variables (SD+RD) . X resistance to multi-
. incorporating .
4191 cases Single-agent FIGO 2000 system parameters (0\1'2\4) Model3: Non-imaging variables (SD) different risk agent chemotherapy is
chemotherapy Rawd RD): Specifi . . not possible within the
: aw data : Specific continuous . P : actors were
(Charing Cross (MTX): low risk ) ( ). P . Model4: Non-imaging variables FIGO prognostic
Hospital,[958- variables: Age, interval from index (SD+RD) constructed. system, Therefore,
Parker et 2019; Sheffield pregnancy, pretreatment hCG level ) ) ) These models using the FIGO
al. 2022 51 Model5: Imaging variables (maximum showed .
. Trophoblastic : caefivacs P prognostic system as
P Multi-agent Objectives: To simplify the FIGO 2000 tumour size, metastatic site and o )
Disease chemotherapy minimal the basis for
et - L stati bers) (SD) . .
Data analysis: Linear, multivariate logistic metastatic num improvement in | assessment may lead to
Centre,1973-2019, (EMA/CO): high ) ‘ . y
UK) isk regression, and nonlinear multilayer Model6: Imaging variables (maximum | Performance confusion
ris ©
perceptron to build new models. tumour size. metastatic site and compared to the | 3) The authors
Assessing the consistency of the model metastatic numbers) + pre-treatment FIGO believed that there is
using the FIGO 2000 as a standard with a hCG (RD)) Prognostic little significance in
fixed false positive rate (FPR) of 11.9% Scoring System optimizing the FIGO
Prognostic Scoring
System
Inclusion
Primary
Study 7 criteria and Methodology Risk/prognostic factors considered Notes
treatment
cases
Traini . Single-agent q . q . .
raining set: Primary outcome: Resistance to M1 (2-factor model): log pre-treatment hCG 1. As observed in the PREDICT-GTN1
4191 cases regimens: for low- chemotherapy (raw data) + previous failed chemotherapy study, evaluating resistance to multi-agent
risk patients (scored data); chemotherapy is challenging with the FIGO
in Parker’s 2022 Objective: To find one or two-factor
Multi-agent . system
study models matched to FIGO M2 (2-factor model): log pre-treatment hCG
vaia regimens b ' U I (raw data) + site of metastases (scored data); 2. The 2-factor models are highly
alidation set: L ata analysis: Using multivariate
Parker et (EMA/CO, M convenient for evaluating treatment
al. 2024 52 144 cases EA): for high-risk logistic regression and 5SFCV to find M3 (2-factor model): log pre-treatment hCG

(2019/05-2020) the best models

patients

Comments: M2 and M3 are both 2-factor models and are favoured for ongoing validation

(raw data) + number of metastases.

Table 2: New GTN scoring systems and the identification of prognostic indicators particularly relevant to resistance against first-line chemotherapy.

hed

treatment with multi-agent regimens due to ethical
considerations, side effects, and costs.

A model for predicting efficacy of second-line or
salvage treatments in resistant cases: This goal
evaluates the effectiveness of different second-line
treatments, including switching to another single-
agent therapy or multi-agent therapy, for patients
who have developed resistance. It also predicts
which patients are likely to respond better to specific

treatments. However, the prediction of outcomes
from immune therapy in clinical settings is still in
its infancy and hampered by the small numbers of
patients receiving such treatments.

4. A model for predicting recurrence or survival: By

integrating a range of clinical characteristics from
before and after treatment, these models should
predict long-term outcomes such as recurrence and
mortality risks. Given that the recurrence rate in
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cured GTN patients is lower than that of many other
malignancies, the model should not rely on FIGO
2000. Instead, it should be redesigned through
retrospective analysis to include pre- and post-
treatment imaging features, hCG trends, and
chemotherapy resistance history, among other fac-
tors, to evaluate the probability of recurrence. For
GTN patients at higher risk of recurrence, the
model could suggest increasing the frequency of
post-therapy follow-ups, extending the duration of
consolidation therapy, or earlier initiation of
immunotherapy.

Future directions for refining FIGO 2000 for GTN:
exploring genetic and molecular predictors
Attaining a “perfect” model for assessing therapy
resistance in patients with GTN is hampered by current
clinical characteristics and risk factors not entirely
capturing the full complexity and biology of GTN
resistance. Resistance in GTN is deeply ingrained at the
genetic and molecular levels, and a significant break-
through in this area would likely arise from the dis-
covery of more effective and accessible biomarkers or
deeper insights into the molecular and genetic basis of
the disease. Several studies have indicated high
expression of PD-L1 in placental and trophoblastic tu-
mours,”* as high as 92.3% in GIN in one study.”
Other potential targeted treatments identified include
Weel, PARP, and MEK inhibitors.”” In the future, a
genetic and molecular-based risk stratification system
may be developed for GTN, similar to that used in
endometrial cancer,” to assist in evaluating prognosis
and predicting responses to therapy alongside clinical
scoring systems. These discoveries, especially when
used alongside hCG assessments, could revolutionize
the evaluation of GIN treatment outcomes. Such ad-
vances require further basic research into the genetic
and molecular mechanisms governing GTN resistance
and therapy responses.

Discussion

FIGO 2000 has been used to assess the prognosis of
patients with GTN for over two decades, standardizing
GTN management across different clinical settings.
However, its limitations have become apparent. Pri-
marily, in an attempt to serve multiple purposes
within a single framework, FIGO 2000 is suboptimal
in certain clinical scenarios. To address these chal-
lenges, we propose developing specialized scoring
models tailored to specific clinical objectives, such as
selecting  single-agent therapy, assessing post-
chemotherapy resistance, and predicting recurrence
and mortality. By aligning each scoring model with a
distinct clinical goal, we can improve the accuracy and
effectiveness of prognostic assessments, ultimately
enhancing patient outcomes.

www.thelancet.com Vol 77 November, 2024

Since the first report in 2017 demonstrating the
efficacy of pembrolizumab in GTN,” clinical studies,
including our own, have shown promise for immu-
notherapy in GTN, especially for persistent resistance.
Indeed, a multicentre study demonstrated improved
efficacy by combining anti-PD-1 therapy with chemo-
therapy (96.8%) compared with anti-PD-1 therapy
alone (62.9%) (p < 0.001).” Nevertheless, prognostic
scoring indicators to determine the optimal timing for
initiating immunotherapy are lacking. Future scoring
systems should incorporate predictive markers for
immunotherapy response, enabling clinicians to better
stratify patients who may benefit from early
immunotherapy.

Advancing our understanding of the genetic/molec-
ular dynamics of GIN is crucial for developing
personalized medicine approaches. Identifying bio-
markers indicative of treatment response or resistance
would transform GTN care by aligning optimal thera-
peutic strategies to each patient. For instance, DPP4
regulates cholesterol synthesis, potentially increasing
MTX resistance in GTN cells,*" while RSK2 upregulates
SOX8, contributing to enhanced chemotherapy resis-
tance.””  Additionally, next-generation sequencing
studies of cell-free DNA from GTN patients identified
mutations in genes such as BMPRIA and MAP3KI,
potentially providing a biomarker for disease severity
and treatment efficacy.” HLA-G has also been reported
as a predictive biomarker of resistance to single-agent
chemotherapy in gestational choriocarcinoma in tran-
scriptomic and immunohistochemical studies.*

Integrating biological and genetic biomarkers into
GTN prognostic models is a promising direction but
requires advanced technologies, such as artificial intel-
ligence (Al), to manage complex, high-volume data. Al
could revolutionize GTN management by enabling
comprehensive analysis of multi-dimensional datasets
and creating sophisticated decision support systems that
include diverse molecular information such as TP53
mutations, RTK-RAS pathway changes, or PD-L1
expression, the latter crucial for immunotherapies.
However, significant challenges, including the need for
high-quality, diverse data and addressing ethical and
regulatory issues, must be overcome to fully realize AI's
potential.®®

PSTT and ETT are rare GTN subtypes with distinct
biological behaviours that pose unique challenges.
Prognostic factors for PSTT/ETT differ significantly
from other GTNs, including time since antecedent
pregnancy,* disease stage, histopathological features,
and the presence of recurrent/refractory disease.”
PD-L1 expression and PI3K pathway alterations have
been detected in ETT, highlighting potential therapy
targets.*® Surgery—typically total hysterectomy - remains
first-line treatment, while advanced stage III and IV
disease requires combined surgery-polychemotherapy.”
However, these rare tumours are often not adequately
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represented in GIN studies, leading to mixed results
that fail to capture their unique characteristics. There-
fore, tailored scoring systems that better predict prog-
nosis and guide treatment decisions for PSTT and ETT
patients are needed.

The rarity of GTN means that gathering sufficient
patient data is challenging, mandating multicentre
collaboration. Global cooperation and data sharing are
essential to enhance our understanding of GIN patho-
biology and improve patient care and outcome prediction.
The development of new resistance assessment models
informed by retrospective analyses, validated through
ethical randomised controlled trials, and coupled with the
implementation of recurrence prediction systems are
necessary steps forward. Enhancing GTN prognostica-
tion and treatment approaches is complex, requiring
scientific, clinical, and technological breakthroughs
combined with adherence to ethical standards and inter-
national collaboration. By embracing these challenges
and opportunities, the global health community can
anticipate significant progress in GTN management, ul-
timately improving patient outcomes worldwide.

Outstanding questions

Developing new and clinically relevant GTN prognostic
models tailored to specific clinical scenarios (e.g., pre-
dicting resistance to single-agent chemotherapy, multi-
agent chemotherapy, second-line treatments, immuno-
therapy, and the risks of recurrence or mortality) first
relies on careful selection and definition of the specific
clinical scenarios to target. This will require multi-
stakeholder engagement for broad applicability. The
full molecular landscapes of GTN remain unknown,
mandating comprehensive efforts to characterize them
using the latest multi-omics technologies, as applied to
other cancers and diseases. Finally, how best to prog-
nosticate in patients with PSTT and ETT requires spe-
cific consideration.
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