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Purpose: To investigate the potential factors to predict severe myelosuppression among
low-risk gestational trophoblastic neoplasia (GTN) patients with single-agent methotrexate
(MTX) chemotherapy. To analyze reproductive outcomes of patients with or without severe
myelosuppression after achieving complete remission (CR).

Patients and Methods: The retrospective study included 319 low-risk GTN patients
registered from January 2008 to December 2018 in our hospital. Patients were divided into
two groups according to myelosuppression grading. Their clinical data and reproductive
outcomes were compared and analyzed.

Results: A higher proportion of patients in group A received second-line chemotherapy than
group B (P<0.001). The number of total chemotherapy courses was more in group A than
group B (P=0.001), while the number of MTX chemotherapy courses was more in group
B than group A (P=0.001). When the joint predictor of pretreatment albumin (ALB) was not
more than 44.5 g/L, pretreatment serum creatinine (Scr) was not less than 75.6 umol/L, and
the number of MTX chemotherapy courses was not less than four, there was a moderate
predictive value. There was no significant difference of reproductive outcomes between the
two groups after achieving CR.

Conclusion: Although some patients developed severe myelosuppression, MTX was still
the effective first-line treatment for low-risk GTN patients. Patient’s pretreatment ALB was
not more than 44.5 g/L, pretreatment Scr was not less than 75.6 umol/L, and the number of
MTX chemotherapy courses not less than four could be used as combined predictors to
recognize the risk of severe myelosuppression. Severe myelosuppression had no significant
adverse influence on fertility after achieving CR.
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Introduction

Gestational trophoblastic neoplasia (GTN) is a group of pregnancy-related condi-
tions arising from the abnormal development and proliferation of trophoblastic
cells, including choriocarcinoma, invasive mole, placental-site trophoblastic
tumor, and epithelioid trophoblastic tumor.! Based on the modified International
Federation of Gynecology and Obstetrics (FIGO)/World Health Organization
(WHO) scoring system, low-risk GTN is defined as a FIGO stage of I-III with
a WHO score of 0—6, while high-risk GTN includes those of stage IV or with WHO
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score > 7. Each patient must be stratified for risk prior to
treatment, because low-risk GTN patients are more likely
to respond to single-agent therapy, whereas high-risk GTN
patients have a higher risk of resistance to single-agent
chemotherapy and require the use of combination che-
motherapy agents.” Fortunately, GTN is highly chemo-
sensitive and has excellent prognosis, particularly for low-
risk disease where the cure rate is almost 100%. Various
single agent regimens for low-risk GTN have been used
worldwide, such as methotrexate (MTX) and dactinomy-
cin (ActD).* However, there is no consensus on the single
best regimen and there is no fair comparison on the ben-
efits and risks of each regimen due to the differences in
inclusion criteria among trials. Currently, the choice of the
regimen usually depends on the clinicians’ personal
experience or preference.” Even so, MTX is widely recog-
nized as a key first-line, single-agent therapy for low-risk
GTN since its first reported use to treat choriocarcinoma
successfully in 1956.°

As one of the antimetabolic chemotherapeutic agents,
MTX chemotherapy may lead to adverse events: nausea
and vomiting, myelosuppression, hepatic and renal dys-
function alopecia, diarrhea, stomatitis, mucositis, and so
on.” Although low-dose MTX therapy is usually well
tolerated in clinical practice, and most adverse events are
mild-to-moderate in most patients, some patients develop
severe myelosuppression during single agent MTX
therapy.®® However, there has not yet been a study explor-
ing possible factors associated with the development of
MTX-related myelosuppression among low-risk GTN
patients. Only one study investigated factors associated
with the MTX-related myelosuppression in inflammatory
rheumatic diseases.'® Identifying risk factors for severe
myelosuppression among low-risk GTN patients may
allow better planning and choice of treatment in advance.

Many women with GTN are of reproductive age and
may still have the desire to be pregnant. Previous studies
show that the reproductive function was preserved after
successful treatment of GTN with chemotherapy.'
However, whether development of severe myelosuppres-
sion during single-agent MTX chemotherapy would influ-
ence fertility has not been reported. Thus, the aim of this
study was to investigate the potential factors predicting
severe myelosuppression in low-risk GTN patients receiv-
ing single-agent MTX chemotherapy, and to compare
reproductive outcomes between women with and without

severe myelosuppression during chemotherapy.

Materials and Methods

Patients registered in the electronic database of Women’s
Hospital, Zhejiang University School of Medicine, China
with a diagnosis of low-risk GTN defined according to the
FIGO/WHO scoring system between January 2008 to
December 2018 were identified. GTN was diagnosed
according to the following criteria: (1) B-human chorionic
gonadotropin (hCG) plateau lasting for four measurements
over a period of at least 3 weeks; (2) B-hCG increase of
10% or more in three measurements over a period of at
least 2 weeks; (3) B-hCG level higher than 20,000 IU/L 4
weeks after uterine evacuation; (4) persistently elevated [
hCG levels 6 months after uterine evacuation; and (5)
evidence of metastatic disease."'* The FIGO score was
determined by age, antecedent pregnancy, duration of dis-
ease, pretreatment hCG level, site and number of metas-
tases, size of largest tumor, and previously failed
chemotherapy.'?

Patients included in the present study all had initially
received first-line chemotherapy with intravenous MTX
0.4 mg/kg daily for 5 days and repeated at fixed intervals
of 2 weeks until hCG normalization. At least two courses
of consolidation chemotherapy were given after the first
negative hCG level. Patients developing resistance or
severe toxicity to MTX were switched to second-line
chemotherapy protocols such as intravenous ActD10-12
ng/kg daily for 5 days and repeated at fixed two-weekly
intervals or the EMA-CO combination chemotherapy (eto-
poside, MTX, and ActD followed by cyclophosphamide
and vincristine).'*'> Primary remission was defined as
three consecutive weekly hCG levels that were within
the normal range using the same chemotherapy regimen.
After that, the patients were followed up with monthly
hCG monitoring for at least 1 year and radiological exam-
inations if clinically indicated. Sustained complete remis-
sion (CR) was defined as maintenance of normal serum
hCG levels beyond 1 year. Resistance to first-line MTX
was defined as a hCG plateau over 3 consecutive weeks or
rising hCG of 10% or more over 2 consecutive weeks.
Relapse was defined as a rise in hCG levels after the
remission in the absence of new pregnancy.'>'®!”

The patients’ medical records were collected and
reviewed retrospectively for information on myelosuppres-
the WHO
Classification criteria for acute and subacute toxic side-

sion, which was graded according to

effects of anticancer drugs'® (Supplementary Material

Table S1). Our study was approved by the Institutional
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Review Board, Women’s Hospital, Zhejiang University
School of Medicine. Patient consent statements were
explaineded and signed by all individual participants
included in the study. A total of 319 low-risk GTN patients
were included in the study and divided into two groups
according to myelosuppression grading. Group A included
248 patients with no or mild myelosuppression (grades 0,
I, IT) during MTX chemotherapy, while group B included
71 patients with severe myelosuppression (grades 111, IV)
during MTX chemotherapy.

Clinical data collected included age, body mass index
(BMI), gravidity and parity, nature of the antecedent preg-
nancy (molar pregnancy, live birth, stillbirth, or abortion),
time between the end of antecedent pregnancy and the
beginning of chemotherapy with MTX, GTN stage,
FIGO/WHO prognostic score, number of MTX courses,
number of courses of other chemotherapy, pretreatment
serum hCG levels, as well as the pretreatment indices of
the full blood count, liver, and renal functions. The post-
treatment full blood count indices were also taken at the
time of the most severe myelosuppression if it happened,
or the last measurement was taken if no myelosuppression
occurred.

Considering the GTN therapeutic variables, we evalu-
ated the chemotherapy regimens of all patients, the num-
ber of MTX cycles and total chemotherapy courses in both
groups, the number of patients to switch to second-line
chemotherapy due to MTX resistance or MTX myelosup-
pression toxicity, the number of patients receiving CR
after chemotherapy, the number of patients suffering
relapse, and the number of patients who received different
support treatment in both groups.

Regarding the reproductive outcomes of the patients
after achieving CR, we contacted them all by phone call or
by interview at the clinic. The following variables in both
groups were recorded: their desire for pregnancy, out-
comes of any pregnancy (live birth, abortion, ectopic
pregnancy, or stillbirth), cumulative pregnancy rate and
cumulative live birth rate from CR to the final follow-up
date in August 2019.

Continuous data were presented as meantstandard
deviation if normally distributed, or as median (25th—
75th percentile) if not normally distributed. Categorical
data were presented as frequencies and percentages.
Patients’ characteristics between the two groups were
compared using the Student’s r-test, Mann—Whitney
U-test, Chi-square test, or Fisher’s exact test where appro-
priate. Logistic regression analysis was used to evaluate

predictors of binary outcome measures, with multivariate
analysis being subsequently performed on factors deter-
mined to be statistically significant in univariate analysis.
Features that have been found to be significant in multi-
variate analysis were studied further for their prediction
capability by the receiver-operator characteristic (ROC)
curve, which evaluated the sensitivity, specificity, and
area under the curve (AUC). The cumulative pregnancy
rates and cumulative live birth rate of the two groups were
compared by the Log rank test of the Kaplan—-Meyer
survival curve. All statistical tests were two-sided, and
a P-value<0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS
Statistics software, version 22 for Mac (IBM, USA) and
MedCalc (Version 8.0.0.1MedCalc Software, Mariakerke,
Germany).

Results

Of the 319 patients included in this study, 165 (51.7%)
patients received MTX alone, while 154 (48.3%) patients
developed resistance or toxicity to MTX and therefore
switched to a second-line treatment. A higher proportion
of patients in group A received second-line chemotherapy
than group B (P<0.001). The number of total chemother-
apy courses was more in group A than group B (P=0.001),
while the number of MTX chemotherapy courses was
more in group B than group A (P=0.001). The primary
remission rate with a single-agent MTX was higher in
group B than group A (P<0.001), but the sustained CR
rate was similar in both groups (P=0.383). Although there
were five (2.0%) patients in group A and three (4.2%)
patients in group B who relapsed, they received remission
again after treatment (Supplementary Material Table S2).

The number of patients with different grades of mye-
both
Supplementary Material Table S3. All patients in group

losuppression  in groups are shown in

B suffered bicytopenia or pancytopenia. The occurring
percentages of leukopenia, neutropenia, anemia, as well
as thrombocytopenia were all significantly higher in
group B than in group A. In order to prevent or relieve
severe myelosuppression, all patients in group B were
given oral leukocyte-raising drugs or granulocyte col-
ony-stimulating factor (G-CSF) during the chemother-
apy. Besides, 18 (25.4%) patients were given iron
therapy or erythropoietin (EPO), 10 (14.1%) patients
were given thrombopoietin (TPO), one (1.4%) patient
even had the blood transfusion treatment. Among them,
six patients discontinued the round of chemotherapy
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during which occurred severe myelosuppression with
MTX 0.4 mg/kg daily only for 3 days. However, their
blood routine examination recovered before the next
round of chemotherapy. In group A, a significantly smal-
lerproportion of patients received the above-mentioned
support treatment. None of the patients had blood trans-
fusion treatment or discontinued treatment because of
toxicity.

The clinical characteristics of patients in both groups
are summarized in Table 1. Regarding the nature of the
antecedent pregnancy, there was a higher proportion of
mole and live births in group B than group A (P=0.002).
The pretreatment ALB and GFR were higher in group
A than in group B (P=0.001 and <0.001, respectively),
while patients’ BMI and pretreatment Scr were higher in
group B than in group A (P=0.015 and 0.001, respec-
tively). As patients in group B had severe myelosuppres-
sion, the posttreatment WBC, neutrophil, RBC, and Hb
were significantly lower than patients in group A (data not
shown). There was no statistical differences in other
parameters.

Univariate analysis showed that BMI, pretreatment
ALB, pretreatment Scr, pretreatment GFR, number of
MTX chemotherapy courses were significantly correlated
with occurrence of severe myelosuppression (Table 2). No
significant association was found between severe myelo-
suppression and other blood parameters. Multivariate ana-
lysis by backward elimination of nonsignificant associated
factors in the univariate analysis showed that pretreatment
ALB, pretreatment Scr and number of MTX chemotherapy
courses were independent risk factors for development of
severe myelosuppression with MTX chemotherapy.

The predictive performance of these factors as well as
their joint predictor (pretreatment ALB-+pretreatment Scr
+number of MTX chemotherapy courses, P joint predic-
tor=1/(1+e-Z), = Z=—0.834-0.135xPretreatment ~ ALB
+0.065xPretreatment Scr+0.232xNumber of MTX che-
motherapy courses) on severe myelosuppression was eval-
uated by ROC curves (Figure 1). The diagnostic values are
shown in Table 3 including their sensitivity, specificity, as
well as cut-off values. The area under the ROC curve
(AUC) was 0.628 (95% CI=0.572-0.681) for pretreatment
ALB, 0.630 (95% CI=0.574-0.683) for pretreatment Scr,
0.624 (95% CI=0.568-0.677) for number of MTX che-
motherapy courses, each of which were significantly
lower than that of joint predictor (AUC of 0.735, 95%
CI=0.683-0.783) (Supplementary Material Table S4).

Concerning the influence of severe myelosuppression
on fertility, we followed up all the patients after their CR.
The median follow-up was 61 [17-92] months. In group
A, 187 (75.4%) patients were successfully followed-up
and 61 (24.6%) were lost to follow-up, while in group B,
54 (76.1%) patients were successfully followed-up and 17
(23.9%) were lost to follow-up; the percentage of drop-
outs was comparable in both groups (P=0.910). Among
those who were followed-up successfully, 103 (55.1%)
patients in group A and 33 (61.1%) patients in group
B had no fertility desire (P=0.431). Among those who
had a pregnancy desire (84 in group A and 21 in group
B), 73 (86.9%) patients in group A and 15 (71.4%)
patients in group B conceived (P=0.102). 60 (82.2%)
patients in group A and 10 (66.7%) patients in group
B had a live birth (P=0.179). Eleven (15.1%) patients of
group A and five (33.3%) patients of group B had an
abortion (P=0.137). Two (2.7%) patients of group A and
0 (0.0%) patients of group B had an ectopic pregnancy
(P=1.000) (Table 4). Kaplan—Meier analysis was used to
compare the cumulative pregnancy rate and cumulative
live birth rate of patients with and without severe myelo-
suppression after chemotherapy (Figure 2). The 10-year
cumulative pregnancy rates of group A and group B were
86.9% and 71.4%, respectively (P=0.819). The 10-year
cumulative live birth rates of group A and group B were
71.4% and 47.6%, respectively (P=0.466). Therefore,
there was no significant difference in reproductive out-
comes between the two groups.

Discussion

The present study evaluated factors predicting severe mye-
losuppression with MTX chemotherapy among 319 low-
risk GTN patients. Although 71 (22.6%) patients developed
grade III or IV myelosuppression, nearly all patients
achieved sustained CR in both groups. The main finding
was that patients developing severe myelosuppression
(group B) received more courses of first-line MTX che-
motherapy, achieved a higher remission rate with single
agent MTX therapy, but required a lower total number of
chemotherapy courses than those with no or mild myelo-
suppression (group A), and fewer of those in group
B required second-line chemotherapy. What’s more, we
found that pretreatment ALB, pretreatment Scr, and the
number of MTX chemotherapy courses were independent
predictors of severe myelosuppression with MTX treatment,
and the composite index of these factors had a moderate
predictive value. Therefore, patient’s pretreatment ALB was
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Table |1 The Clinical Characteristics of Patients in Both Groups Table | (Continued).
Characteristics Group Group P ch coristi G G p
A (n=248) B (n=7|) aracteristics roup roup
A (n=248) | B (n=71)
Age (years) 0.077¢
+ M
<40 205 (82.7%) 52 (73.2%) ALB/GLO Ii7528 |93 Ii6479 | 88 0.133
>4 45 (17:3%) 17 @65%) P AST (UIL [Ié |Yo.27] [Ié |’| -24] 0.581™
BMI (kg/m?)t 20.69 2126 0.015" Tre”eatme”t oL [10.27] [11.24] :
[18.97.22.81] | [19.50,23.80] P AT | 18 15,24 17 [15,21 0.149™
Gravidity! 2[1,3] 3[14] 0313" Pre“e“me"t TBI(L ) . 9(5 24] . 3(5 21] 0 sag™
Parity! 01[0,1] I [0,1] 0.101™ retreatment : : :
(umol/L) T [7.60,12.80] | [7.30,13.00]
Antecedent pregnancy 0.002° Pretreatment DBIL 3.3 [2.4,4.6] 3.1 [2.5,4.0] 0.476™
Mole 212 (85.5%) | 64 (90.1%) (umol/L) T
Abortion 35 (14.1%) | 3 (4.2%) Pretreatment IBIL 69[47.89] | 67[4695] | 0910
Live Birth | (0.4%) 4 (5.6%) (umol/L)t
E Pretreatment LDH (U/ 159 156 [143,180] 0.838™
Interval between 0.623 +
L) [137,184]
antecedent pregnancy M
Pretreatment BUN 3.76 4.06 0.202
and first-line MTX +
0 (mmol/L) [3.01,4.50] [3.24,4.67]
initiation, months M
Pretreatment Scr 67.9 70.7 0.001
<4 214 (86.3%) | 66 (93.0%) R
(umol/L) [62.0,71.7] [66.0,77.8]
46 25 (10.1%) | 4 (5.6%) : "
BUN/Scr 0.054 0.058 0.813
7-12 2 (0.8%) 0 (0.0%)
[0.046,0.068] | [0.045,0.070]
>13 7 (2.8%) I (1.4%) "
Pretreatment Ccr (mL/ | 89.4 86.1 0.108
Serum hCG at MTX 0.140° min)" [78.3,102.4] | [75.4,99.8]
initiation, IU/L Pretreatment GFR (mL/ 104.1 97.2 <0.001™
<1,000 82 (33.1%) 15 (21.1%) min)* [95.7,116.7] [88.5,106.5]
1,000-10,000 97 (39.1%) 37 (52.1%) Notes: 'Median and interquartile range. TMMean and standard deviation. €, Chi-
10,000-100,000 66 (26.6%) 19 (26.8%) square test; F Fisher's exact test; ™, Mann—Whitney U-test; S, Student’s t-test.
>100.000 3 (1.2%) 0 (0.0%) Abbreviations: BMI, body mass index; MTX, methotrexate; hCG, human chor-

’ ionic gonadotropin; FIGO, Federation of Gynecology and Obstetrics; GTN, gesta-

FIGO score® 2[1,3] 2[1,3] 0.683M tional trophoblastic neoplasia; WBC, white blood cell; RBC, red blood cell; HB,
’ ’ ) hemoglobin; PLT, platelet; TP, total protein; ALB, albumin; GLO, globulin; AST,
GTN stage 0.404F aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin;
3 N N ' DBIL, direct bilirubin; IBIL, indirect bilirubin; LDH, lactate dehydrogenase; BUN,
I 82 (33.1%) 29 (40.8%) blood urea nitrogen; Scr, serum creatinine; Ccr, creatinine clearance rate; GFR,
] 2 (0.8%) 0 (0.0%) glomerular filtration rate.
Il 164 (66.1%) | 42 (59.2%)
Pretreat t B-hCG 3,019 3,922 0.197™
e re: ment not more than 44.5 g/L, pretreatment Scr was not less than
(UL [615,10961] | [1,386,14,532]
Pretreatment WBC 62 [5374] | 60 [49,7.0] 0.206™ 75.6 pmol/L, and the number of MTX chemotherapy
(x10%/L)* courses was not less than four could be used as the com-
Pretreatment 3.8[3.25.0] | 3.8[3.1,5.0] 0.673" bined predictors by clinicians to recognize a high risk of
i 271\t . . .
Neutrophil (x10°/) occurring severe myelosuppression. To our knowledge, this
Pretreatment RBC 3.98 4.09 0.380™ . .

12 ¢ is the first retrospective cohort study to explore the factors
(x10'%1L) [3.67,4.22] [3.50,4.29] o . . .
Pretreatment Hb (g/L)7 | 121 117 [106,130] | 0.342™ predicting the risk of severe myelosuppression with MTX

[112,129] chemotherapy for low risk GTN patients.
Pretreatment PLT 202 205 [188,240] | 0.491™ It is generally believed that MTX-associated toxicity and

/1)t . . . .

(x107L) - [181.244] S its severity are related to several factors including drug dose,
Pretreatment TP (g/L) 70.2 £ 6.5 69.1 £ 62 0.208 . .. .

Pretreatment ALB (gL) | 449 56 0.001™ the duration ar:(giz(frequency of MTX administration, and

[42.347.3] [41.545.7] genetic factors. “" In our study, patients with severe mye-

Pretreatment GLOT 25.8 25.9 0.965" losuppression had a higher number of MTX courses than

[23.3,284] [23.2,282] those without myelosuppression. Further analysis showed

(Continued) that receiving more than four courses of MTX was one of
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Table 2 Correlation Analysis of Clinical Characteristics and Patients With Severe Myelosuppression

Variable Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P
Age 1.018 0.990-1.047 0.213 - - -
Weight 1.023 0.993-1.054 0.136 - - -
Height 0.086 0.000-21.797 0.385 - - -
BMI 1.089 1.002-1.184 0.045 1.082 0.987-1.185 0.092
Gravidity 1.092 0.931-1.281 0.280 - - -
Parity 1.234 0.885-1.721 0.216 - - -
FIGO score 1.013 0.859-1.195 0.876 - - -
Stage 0.853 0.650-1.119 0.250 - - -
Pretreatment B-hCG 1.000 1.000-1.000 0.549 - - -
Pretreatment WBC 0.899 0.761-1.062 0.211 - - -
Pretreatment Neutrophil 0.975 0.822-1.156 0.770 - - -
Pretreatment RBC 1.141 0.713-1.824 0.583 - - -
Pretreatment Hb 0.994 0.977-1.011 0.479 - - -
Pretreatment PLT 1.002 0.997-1.007 0.503 - - -
Pretreatment TP 0.973 0.933-1.015 0.208 - - -
Pretreatment ALB 0.895 0.841-0.952 <0.001 0.874 0.815-0.937 <0.001
Pretreatment GLO 0.999 0.936-1.067 0.976 - - -
ALB/GLO 0.529 0.190-1.474 0.223 - - -
Pretreatment AST 0.986 0.968—-1.005 0.141 - - -
Pretreatment ALT 0.972 0.939-1.006 0.108 - - -
Pretreatment TBIL 0.983 0.934-1.034 0.508 - - -
Pretreatment DBIL 0.974 0.837-1.134 0.981 - - -
Pretreatment IBIL 0.991 0.927-1.059 0.791 - - -
Pretreatment LDH 0.999 0.992-1.006 0.853 - - -
Pretreatment BUN 1.069 0.848-1.346 0.573 - - -
Pretreatment Scr 1.052 1.022-1.082 0.001 1.067 1.033-1.103 <0.001
BUN/Scr 0.018 0.000-27,505.730 0.579 - - -
Pretreatment Ccr 0.988 0.975-1.001 0.063 - - -
Pretreatment GFR 0.968 0.950-0.985 <0.001 0.991 0.950-1.033 0.673
Pretreatment FSH 1.009 0.964-1.056 0.709 - - -
Pretreatment LH 1.007 0.950-1.067 0.824 - - -
Number of MTX chemotherapy courses 1.236 1.076-1.420 0.003 1.261 1.086—1.466 0.002
Number of other chemotherapy courses 1.042 0.953-1.140 0.366 - - -

Abbreviations: BMI, body mass index; FIGO, Federation of Gynecology and Obstetrics; hCG, human chorionic gonadotropin; WBC, white blood cell; RBC, red blood cell;
HB, hemoglobin; PLT, platelet; TP, total protein; ALB, albumin; GLO, globulin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin; DBIL,
direct bilirubin; IBIL, indirect bilirubin; LDH, lactate dehydrogenase; BUN, blood urea nitrogen; Scr, serum creatinine; Ccr, creatinine clearance rate; GFR, glomerular
filtration rate; FSH, follicle stimulating hormone; LH, luteinizing hormone; MTX, methotrexate.

the high risk factors. Meanwhile, serum ALB levels not
more than 44.5 g/L was identified as one of the predisposing
factors for severe myelosuppression as well in our study.
MTX is moderately bound to plasma proteins, mainly albu-
min, with the fraction bound ranging from 46.5-54%.%' The
binding of a drug to plasma or serum proteins may exert
profound effects on drug distribution and elimination, thus
influencing its therapeutic, pharmacodynamic, and toxicolo-
gical actions.”? The reduction of serum albumin levels

meant an increase in unbonded MTX entering cells via the

reduced folate carrier, which increased intracellular drug
concentration and exposure duration, contributing to the
development of severe myelosuppression. Although no pre-
vious studies have reported a correlation between albumin
levels and MTX side-effects in GTN patients yet, many
studies found that hypoalbuminemia contributed to MTX-
induced myelosuppression in regard to treatment for inflam-
matory rheumatic diseases.'™” As for the association
between pretreatment Scr and myelosuppression, we found

that pretreatment Scr not less than 75.6 pumol/L would
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Figure | The ROC-AUC analyses for pretreatment ALB, pretreatment Scr, num-
ber of MTX chemotherapy courses and their joint predictor to predict severe
myelosuppression with MTX chemotherapy. *Significant differences (P<0.05) of the
AUC of the independent factors and joint predictor. Joint predictor=pretreatment
ALB+pretreatment Scr+number of MTX chemotherapy courses.

predispose GTN patients to MTX toxicity. This is because
the MTX toxicity not only depends on its concentration, but
also its duration of exposure to the cells.”* The main excre-
tion route of MTX is through the kidney.?> A rise in serum
creatinine concentration above normal values indicates
MTX

elimination.®*” It’s worth mentioning that we also found

potential renal dysfunction and delayed
that pretreatment GFR was significantly lower in patients

with severe myelosuppression, though it was only
a significant correlation in univariate analysis but not in
multivariate analysis. Data from earlier studies supported
the findings and indicate that any renal clearance impair-
ment would lead to sustained higher serum levels of the
drug that might induce toxicities and extend the therapy

period.?*%®

Table 4 The Reproductive Outcomes of Follow-Up Patients in
Two Groups

Group Group P

A (n=187) B (n=54)
Interval between cure and 29 [20,43] 31 [21,49] 0.903
new pregnancy
Lack of desire to be pregnant | 103 (55.1%) 33 (61.1%) 0431
Pregnancy 73 (86.9%) 15 (71.4%) 0.102
Live births 60 (82.2%) 10 (66.7%) 0.179
Miscarriages Il (15.1%) 5 (33.3%) 0.137
Ectopic pregnancies 2 (2.7%) 0 (0.0%) 1.000

Apart from exploring the predictive factors of severe
myelosuppression during MTX chemotherapy for low risk
GTN patients, we also compared their reproductive out-
comes via follow-up and found there was no significant
difference between two groups. To our knowledge, this is
the first retrospective cohort study to analyze the impact of
occurrence of severe myelosuppression on fertility in low
risk GTN patients. It suggested that fertility is preserved
regardless of the occurrence of severe myelosuppression,
totally consistent with previous studies on long-term ferti-
lity effects after chemotherapy for low-risk GTN patients
in general, and up to around 60% of such patients were
able to conceive subsequently.”?’ Another study even
revealed that multiagent EMA-CO chemotherapy did not
significantly alter menstrual or reproductive outcomes in
high-risk GTN patients compared to single-agent metho-
trexate chemotherapy for low-risk GTN.>* However, there
was a parallel study reporting that single-agent chemother-
apy advanced the age at menopause by 1 year compared
with 3 years for those treated with combination
chemotherapy.®’ However, another larger study with
1,903 patients and a mean follow-up of 16.9 years showed
that MTX-FA therapy had no significant impact on the risk
of early menopause, while EMA-CO therapy increased the
risk of early menopause, particularly for older patients.*>
Overall, low-risk GTN patients with single-agent MTX

Table 3 The Diagnostic Values of Pretreatment ALB, Pretreatment Scr, Number of MTX Chemotherapy Courses and Their Joint
Predictor to Predict Severe Myelosuppression after MTX Chemotherapy

Cut-Off AUC 95% CI Sens (%) Spec (%) YI P
Pretreatment ALB (g/L) 44.5 0.628 0.572-0.681 69.01 54.44 0.235 <0.001
Pretreatment Scr (umol/L) 75.6 0.630 0.574-0.683 32.39 89.11 0.215 <0.001
Number of MTX chemotherapy courses 4.00 0.624 0.568-0.677 54.93 66.53 0.215 <0.001
Joint predictor 0.223 0.735 0.683-0.783 73.24 68.15 0414 <0.001
Abbreviations: ALB, albumin; Scr, serum creatinine. MTX, methotrexate.
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chemotherapy, even developing severe myelosuppression
during treatment, can generally anticipate a normal future
reproductive outcome. Patients with difficulty conceiving
may even consider assisted reproductive technology for
fertility treatment."’

One main limitation of our study is the small sample
size of patients having severe myelosuppression, which
prevented us from drawing a more definitive conclusion.
Nevertheless, this study represents the largest series to date
reporting on the predictor of severe myelosuppression
among low-risk GTN patients with first-line MTX che-
motherapy. Meanwhile, the data all are collected from
a single-center, so a multicenter and large sample setting
is further needed to exclude possible single-center biases.
Second, many patients were lost to follow-up, which lim-
ited the accuracy of analysis on reproductive outcomes in
our study. Third, due to the retrospective nature of this
study, adverse events during the chemotherapy were iden-
tified through medical record review, rather than in real
time. This may confer certain inherent limitations, such as

ascertainment bias and confounding, or even be
incomplete.
Conclusion

Our study showed that some low-risk GTN patients would
develop severe myelosuppression during MTX treatment,
but these patients had better MTX responses and efficacy
after symptomatic and supportive treatment. Therefore,

MTX as first-line chemotherapy is indeed suitable for low-
risk GTN patients even in those with myelosuppression.
Meanwhile, patient’s pretreatment ALB was not more than
44.5 g/L, pretreatment Scr was not less than 75.6 pumol/L,
and the number of MTX chemotherapy courses was not
less than four could be used as the combined predictor to
recognize a high risk of developing severe myelosuppres-
sion with MTX chemotherapy among low-risk GTN
patients, which helps clinicians identify it and take timely
measures, such as folic acid rescue, supporting therapy,
even stopping or changing chemotherapy regimens, to deal
with or prevent serious adverse events. What’s more, those
with severe myelosuppression during MTX treatment had
comparable reproductive outcomes than those without,
which helps clinicians provide more consulting informa-
tion on fertility for low-risk GTN patients.
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