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Abstract 

Objective  To examine the reproductive outcomes of assisted reproductive technology (ART) in gynecologic cancer 
patients and to assess maternal and neonatal complications.

Methods  Women diagnosed with gynecologic cancer who underwent their first in vitro fertilization/intracytoplasmic 
sperm injection (IVF/ICSI) treatment between 2013 and 2021 at Shanghai Ji Ai Genetics and IVF Institute were 
included in this study. Infertile women without any history of cancer were matched to the cancer group. The primary 
outcome was the cumulative live birth rate. Baseline and follow-up data were compared between groups using 
Student’s t-tests for normally distributed variables and with Chi-square test for categorical variables. A propensity 
score-based patient-matching approach was adopted to ensure comparability between individuals with and without 
specific cancer type.

Results  A total of 136 patients with a history of gynecologic cancer and 241 healthy infertile controls were included 
in this study. Endometrial cancer constituted 50.70% of the cases and cervical cancer constituted 34.60% of the cases. 
The cancer group exhibited significantly shorter duration of stimulation, lower levels of estradiol, lower number 
of retrieved oocytes, day-3 embryos, and blastocysts compared to the control group (P < 0.05). The cumulative 
live birth rate of the gynecologic cancer group was significantly lower than that of the control group (36.10% vs. 
60.50%, P < 0.001). Maternal and neonatal complications did not significantly differ between the groups (P > 0.05). 
The endometrial cancer and cervical cancer groups showed significantly lower cumulative live birth rates than their 
matched controls (38.60% vs. 64.50%, P = 0.011 and 24.20% vs. 68.60%, P < 0.001, respectively).

Conclusions  These findings highlight the decreased occurrence of pregnancy and live birth in female gynecologic 
cancer patients undergoing ART, particularly in endometrial cancers and cervical cancers. These findings have 
important implications for counseling and managing gynecologic cancer patients undergoing ART.
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Introduction
Gynecologic malignancies comprise approximately 13% 
of female cancer diagnoses [1, 2], and oncological treat-
ments such as surgery, chemotherapy, abdominal or 
pelvic radiotherapy, and hormonotherapy may induce 
infertility, premature ovarian failure, or early menopause, 
resulting in a loss of reproductive potential [3–5]. As the 
population of long-term cancer survivors continues to 
rise, concerns surrounding fertility and pregnancy out-
comes have become increasingly critical for these young 
women [6]. Despite international guidelines recommend-
ing fertility consultation and prompt referral to fertility 
specialists for all reproductive-age cancer patients [7, 8], 
the provision of fertility information by oncology special-
ists is often inadequate due to a lack of relevant research 
and insufficient information.

Assisted reproductive technology (ART) has emerged 
as an important option for cancer patients undergoing 
treatment, but the reproductive outcomes of ART among 
gynecologic cancer survivors remain poorly understood 
[9, 10]. Therefore, this study aimed to examine the impact 
of a history of gynecologic cancer on pregnancy out-
comes among cancer patients undergoing ART, by com-
paring their results with those of infertile women without 
a prior cancer diagnosis.

Materials and methods
Study population and design
The study was conducted at Shanghai Ji Ai Genetics and 
IVF Institute, Shanghai, China. Women who had been 
diagnosed with gynecologic cancer and subsequently 
underwent their first in  vitro fertilization/intracytoplas-
mic sperm injection (IVF/ICSI) treatment between 2013 
and 2021 were retrospectively screened in the institu-
tional database. Infertile women without any history of 
cancer were matched to the cancer group based on key 
factors such as maternal age at oocyte retrieval, pregesta-
tional body mass index (BMI), antral follicle count (AFC), 
and fertilization method. Women were excluded if they 
had a history of repeated IVF/ICSI attempts, recurrent 
spontaneous abortion, chromosomal abnormalities, or 
incomplete data. The study was approved by the Insti-
tutional Review Board of Shanghai Ji Ai Genetics and 
IVF Institute (JIAI E2023-10). As data were deidentified 
and all analyses were retrospective, the requirement for 
informed consent was waived.

IVF/ICSI treatment
All patients underwent IVF/ICSI treatment with an 
appropriate ovarian stimulation protocol tailored to their 
ovarian reserve. Patients treated with the long proto-
col received a long-acting gonadotropin-releasing hor-
mone (GnRH) agonist at mid-luteal phase of the previous 

cycle. Once downregulation was achieved, gonadotropins 
(Gn) were administered for ovarian stimulation, with 
the dose adjusted based on follicle growth and serum 
hormone levels. Patients treated with the short protocol 
were administered a short-acting GnRH agonist and Gn 
simultaneously starting from cycle days 2–3 (CD2-3). 
In patients treated with the antagonist protocol, ovarian 
stimulation was initiated from CD2-3. The administra-
tion of a GnRH antagonist was initiated from day 6 of 
ovarian stimulation till the day of the ovulation trigger. 
In the mild stimulation protocol, patients were adminis-
tered oral letrozole for five consecutive days from CD2-5 
followed by low-dose Gn for ovarian stimulation. Patients 
treated with the progestin-primed ovarian stimulation 
protocol received oral dydrogesterone 20 mg/day and Gn 
simultaneously from CD2-3 until the trigger day.

Oocyte retrieval was performed 34-36  h after trigger-
ing with human chorionic gonadotropin (hCG), a GnRH 
agonist or combined hCG and GnRH agonist under 
transvaginal ultrasound guidance. Fertilization assess-
ment was performed about 16–18  h post-insemination. 
On Day 3 after oocyte retrieval, an embryo with at least 
seven cells and Grades 1 and 2 was defined as good qual-
ity. Embryos with at least six cells and fragments < 50% 
were frozen. Women who had more than six good-
quality embryos on Day 3 were counselled for extended 
culture and blastocyst transfer. Fresh embryo transfer 
(ET) was performed based on clinical practice, and any 
surplus embryos were cryopreserved for subsequent fro-
zen-thawed embryo transfer (FET). Luteal support was 
provided after ET.

Data collection and outcome measures
Patient data were extracted from electronic medical 
records. Time to IVF was determined by considering the 
intervals between the initiation of tumor treatment and 
the start of oocyte retrieval. Ongoing pregnancy was 
defined as a viable intrauterine pregnancy lasting at least 
12 weeks confirmed by ultrasound. Live birth was defined 
as the delivery of at least one live-born infant irrespec-
tive of gestational duration. The primary outcome of the 
study was the cumulative live birth rate, which was cal-
culated based on the fresh ET and all subsequent FETs 
resulting from the initial stimulation.

All patients were interviewed by phone on their 
expected date of delivery to follow-up on details regard-
ing the pregnancy outcomes and any complications. 
Obstetrical and neonatal complications were assessed for 
all live births following the ET cycles. Obstetrical com-
plications included hypertensive disorders in pregnancy, 
gestational diabetes, placenta previa, preterm premature 
rupture of the membranes, postpartum hemorrhage, 
and Cesarean delivery. Neonatal complications included 
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twin pregnancy, gestational age, birth weight, and  birth 
defects.

Statistical analyses
Quantitative data with a normal distribution were pre-
sented as means (standard deviations) and compared 
with Student’s t-tests. Non-normally distributed data 
were presented as medians (range). Qualitative data were 
presented as numbers (percentages) and the between-
group differences were analyzed with the Chi-square test. 
Logistic regression was employed to explore the factors 
influencing pregnancy outcomes. Potential confound-
ers were adjusted based on univariate analyses, previous 
studies, and biological plausibility.

Furthermore, a propensity score-based patient-
matching (PSM) approach was adopted to ensure 
comparability between individuals with and without 
specific cancer type. The propensity scores were 
estimated through a binary logistic regression analysis. 
In the case of cervical cancer survivors, patients were 
matched based on factors such as maternal age, BMI, 
and the number of embryos transferred. For endometrial 
cancer survivors, BMI and the number of embryos 
transferred were included in the matching analysis. All 
statistical analyses were conducted with R v 4.2.2. A 
two-sided P of less than 0.05 was considered statistically 
significant. In accordance with the journal’s guidelines, 
we will provide our data for independent analysis by a 
selected team by the Editorial Team for the purposes of 

additional data analysis or for the reproducibility of this 
study in other centers if such is requested.

Results
Patient characteristics
A total of 136 patients with a history of gynecologic can-
cer and 241 healthy infertile controls were included in 
this study. The demographic characteristics of the two 
groups, including maternal age at oocyte retrieval, BMI, 
AFC, infertility type, and infertility duration, were found 
to be similar (Table 1). Among the 136 cancer survivors, 
endometrial cancer emerged as the predominant tumor 
type, comprising a significant proportion of cases at 
50.70%. Cervical cancer constituted 34.60% of the cases, 
while ovarian cancer accounted for a modest 5.88%. Ges-
tational trophoblastic disease was also observed in 5.88% 
of cases. The co-occurrence of ovarian and endometrial 
cancer represented smaller fractions at 2.94%.

IVF/ICSI outcomes
Analysis of the first-cycle ovarian stimulation outcome 
is presented in Table  2. The cancer group exhibited 
a significantly shorter duration of stimulation 
(9.92 ± 2.77  days vs. 10.80 ± 2.20  days, P = 0.003) in 
comparison to the control group. Additionally, the cancer 
group displayed a significantly lower level of estradiol 
(3494 ± 2401  pg/ml vs. 4559 ± 2311  pg/ml, P < 0.001) on 
the trigger day. There was a significant difference in both 
the fertilization method and fertilization rate between the 

Table 1  Demographic characteristics of the cancer and control groups

Abbreviations: AFC Antral follicle count, BMI Body mass index, IVF in vitro fertilization, SD Standard deviation

Cancer group (n = 136) Control group (n = 241) P value

Maternal age at oocyte retrieval (years), mean (SD) 33.0 (4.46) 32.2 (4.11) 0.091

BMI (kg/m2), mean (SD) 23.1 (3.72) 22.6 (3.09) 0.091

Duration of infertility (years), mean (SD) 4.05 (2.77) 4.00 (3.18) 0.870

Infertility type, n (%) 0.062

  Primary 86 (62.50%) 130 (53.90%)

  Secondary 50 (36.80%) 111 (46.10%)

AFC, mean (SD) 13.7 (8.45) 15.2 (6.47) 0.090

Cancer type, n (%) -

  Cervical 47 (34.60%) -

  Endometrial 69 (50.70%) -

  Ovarian 8 (5.88%) -

  Endometrial + Ovarian 4 (2.94%) -

  Gestational trophoblastic disease 8 (5.88%) -

Treatment manner, n (%) -

  Surgery 43 (31.60%) -

  Chemotherapy 75 (55.10%) -

  Surgery + Chemotherapy 16 (11.80%) -

Time to IVF (months), median (range) 23 (0–267) - -
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two groups, with a higher prevalence of IVF and a higher 
fertilization rate observed in the cancer group (P < 0.05). 
Moreover, we observed a significantly lower number of 
retrieved oocytes, day-3 embryos, and blastocysts in the 
cancer group, as compared to the control group (P < 0.05).

Assisted reproductive outcomes
Pregnancy outcomes are summarized in Table  2. 
Women with gynecologic cancer tended to have a 
lower number of embryos transferred compared to the 
control group (P < 0.05). For a complete cycle, which 
encompassed the outcomes from fresh ET and all 
FETs following one ovarian stimulation, the ongoing 
pregnancy rate and cumulative live birth rate of the 
cancer group were significantly lower than those of the 
control group (38.90% vs. 60.50%, P < 0.001; 36.10% vs. 
60.50%, P < 0.001, respectively). The cumulative live 

birth rate following every ET procedure is show in Fig. 1. 
Regarding obstetrical and neonatal outcomes (Table  2), 
no significant differences were observed (P > 0.05).

Analysis of endometrial cancer survivors
A total of 44 patients with a history of endometrial can-
cer and 76 matched controls were subjected to analysis, 
as presented in Table  3. The endometrial cancer cohort 
had a higher prevalence of primary infertility compared 
to the control group (P = 0.001), while other demo-
graphic characteristics were found to be comparable 
(P > 0.05). The endometrial cancer group exhibited a sig-
nificantly lower level of estradiol (3427 ± 1934  pg/ml vs. 
5000 ± 2300  pg/ml, P < 0.001) on the trigger day. A sig-
nificantly higher number of blastocysts was observed in 
the endometrial cancer group, as compared to the con-
trol group (P < 0.001). Despite similar numbers of ET 

Table 2  Ovarian stimulation and assisted reproductive outcomes in the cancer and control groups

Abbreviations: hCG Human chorionic gonadotropin, ICSI Intracytoplasmic sperm injection, IVF In vitro fertilization, SD Standard deviation

Cancer group Control group P value

Ovarian stimulation outcomes
  Gonadotropin consumption (IU), mean (SD) 2363 (1177) 2155 (1165) 0.106

  Days of stimulation, mean (SD) 9.92 (2.77) 10.8 (2.20) 0.003
  Estradiol level at hCG day (pg/ml), mean (SD) 3494 (2401) 4559 (2311)  < 0.001
Fertilization method, n (%) 0.004
  IVF 100 (73.50%) 164 (68.00%)

  ICSI 31 (22.80%) 77 (31.90%)

No. of oocyte retrieved, mean (SD) 9.99 (7.07) 12.2 (6.04) 0.002
Fertilized rate (%), mean (SD) 81.9 (18.30) 77.4 (19.10) 0.023
Cleavage rate (%), mean (SD) 95.3 (14.70) 94.1 (16.80) 0.454

No. of day-3 embryos, mean (SD) 5.50 (4.17) 6.80 (4.18) 0.004
No. of blastocysts, mean (SD) 1.85 (2.89) 1.21 (2.64) 0.034
Pregnancy outcomes
  No. of embryo transfer, mean (SD) 1.50 (0.78) 1.53 (0.75) 0.719

  No. of embryos transferred, mean (SD) 2.21 (1.45) 2.69 (1.40) 0.006
  Ongoing pregnancy rate, n (%) 42 (38.90%) 118 (60.50%)  < 0.001
  Cumulative live birth rate, n (%) 39 (36.10%) 118 (60.50%)  < 0.001
Obstetrical complications
  Hypertensive disorders in pregnancy, n (%) 7 (17.90%) 12 (10.20%) 0.255

  Gestational diabetes, n (%) 3 (7.69%) 16 (13.60%) 0.408

  Placenta previa, n (%) 1 (2.56%) 1 (0.85%) 0.436

  Preterm premature rupture of the membranes, n (%) 0 (0.00%) 4 (3.39%) 0.573

  Postpartum hemorrhage, n (%) 1 (2.56%) 5 (4.24%) 1.000

  Cesarean delivery, n (%) 28 (71.80%) 97 (82.20%) 0.327

Neonatal outcomes
  Twin pregnancy 4 (10.30%) 29 (24.80%) 0.090

  Gestational age (weeks), mean (SD) 37.4 (2.17) 37.8 (2.38) 0.387

  Preterm birth, n (%) 31 (79.5%) 91 (78.4%) 1.000

  Birth weight (g), mean (SD) 3006 (625) 3214 (656) 0.081

  Birth defect, n (%) 2 (5.13%) 0 (0.00%) 0.061
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and embryos transferred, the ongoing pregnancy rate 
and cumulative live birth rate of the endometrial cancer 
group were significantly lower than those of the control 
group (30.30% vs. 68.60%, P = 0.021; 38.60% vs. 64.50%, 
P = 0.011, respectively). Figure  1 shows the cumulative 
live birth rate following every ET procedure. In terms of 
obstetrical and neonatal outcomes (Table  3), no signifi-
cant differences were observed (P > 0.05).

Analysis of cervical cancer survivors
In this study, a cohort of 33 patients with a history of cer-
vical cancer and 51 matched controls were examined. As 
shown in Table 4, both groups were similar with respect 
to demographic characteristics and ovarian stimula-
tion outcomes (P > 0.05). Despite comparable numbers 
of ET and embryos transferred, the cervical cancer 
group exhibited significantly lower ongoing pregnancy 
rates and cumulative live birth rates than the control 
group (30.30% vs. 68.60%, P = 0.001; 24.20% vs. 68.60%, 

P < 0.001, respectively). Figure  1 shows the cumulative 
live birth rate following every ET procedure. Notably, 
there were no significant differences in obstetrical and 
neonatal outcomes, as presented in Table 4 (P > 0.05).

Discussion
In this retrospective study, we observed a decreased 
occurrence of pregnancy and live birth among female 
patients with a history of gynecologic malignancy under-
going IVF/ICSI, when compared to their control counter-
parts. This disparity was further highlighted in specific 
cancer types, including endometrial and cervical cancers.

The findings of several cohort studies indicate that 
female cancer survivors have lower rates of pregnancy 
and live birth compared to the general population [11]. 
However, there is a scarcity of literature evaluating the 
reproductive outcomes of ART in gynecologic cancer 
patients. A meta-analysis reviewed ten studies regarding 
ovarian performance of 731 patients with breast cancer, 

Fig. 1  Cumulative live birth rate in the cancer and control groups. A The cumulative live birth rate for the cancer and control groups are 
respectively represented with red and green lines. The difference between the two groups was significant (P < 0.001). B The cumulative live birth 
rate for women with endometrial cancer and matched control are respectively represented with purple and green dotted lines. The difference 
between the two groups was significant (P = 0.014). The cumulative live birth rate for women with cervical cancer and matched control are 
respectively represented with orange and green solid lines. The difference between the two groups was significant (P < 0.001)
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hematological malignancies, or other malignancies, 
showing that the number of retrieved oocytes among 
patients with cancer was not significantly different 

compared with age-matched healthy IVF patients [12]. 
A recent study of 27 cases of thyroid cancer, 26 cases 
of gynecologic cancer, and 5 cases of other cancers also 

Table 3  Comparison between women with endometrial cancer and matched controls

Endometrial cancer
(n = 44)

Control group
(n = 76)

P value

Maternal age at oocyte retrieval (years), mean (SD) 32.1 (4.27) 32.2 (3.65) 0.896

BMI (kg/m2), mean (SD) 23.5 (3.12) 23.3 (2.73) 0.648

Duration of infertility (years), mean (SD) 3.86 (2.56) 4.39 (3.18) 0.325

Infertility type, n (%) 0.001
  Primary 35 (79.50%) 39 (51.30%)

  Secondary 8 (18.20%) 37 (48.70%)

AFC, mean (SD) 15.9 (7.90) 16.3 (5.86) 0.787

Histology -

  Grade 1 41 (95.18%) -

  Grade 2 2 (4.55%) -

Treatment manner, n (%) -

  Hormone treatment 43 (97.70%) -

  Time to IVF (months), median (range) 17.5 (0–94) - -

Ovarian stimulation outcomes
  Gonadotropin consumption (IU), mean (SD) 2361 (1196) 2338 (951) 0.914

  Days of stimulation, mean (SD) 10.3 (3.35) 11.1 (2.13) 0.190

  Estradiol level at hCG day (pg/ml), mean (SD) 3427 (1934) 5000 (2300)  < 0.001
  Fertilization method, n (%) 0.621

    IVF 34 (77.30%) 52 (68.40%)

    ICSI 10 (22.70%) 23 (30.30%)

    IVF + ICSI 0 (0.00%) 1 (1.32%)

  No. of oocyte retrieved, mean (SD) 12.3 (7.85) 12.8 (5.72) 0.734

  Fertilized rate (%), mean (SD) 81.9 (17.30) 79.9 (16.00) 0.524

  Cleavage rate (%), mean (SD) 95.2 (8.91) 96.9 (5.70) 0.257

  No. of day-3 embryos, mean (SD) 6.77 (4.16) 7.53 (3.65) 0.320

  No. of blastocysts, mean (SD) 2.80 (3.13) 1.25 (2.60) 0.007
Pregnancy outcomes
  No. of embryo transfer, mean (SD) 1.57 (0.90) 1.47 (0.72) 0.554

  No. of embryos transferred, mean (SD) 2.39 (1.71) 2.63 (1.37) 0.421

  Ongoing pregnancy rate, n (%) 18 (40.90%) 49 (64.50%) 0.021
  Cumulative live birth rate, n (%) 17 (38.60%) 49 (64.50%) 0.011
Obstetrical complications
  Hypertensive disorders in pregnancy, n (%) 4 (23.50%) 6 (12.20%) 0.267

  Gestational diabetes, n (%) 2 (11.80%) 6 (12.20%) 1.000

  Placenta previa, n (%) 1 (5.88%) 1 (2.04%) 0.452

  Preterm premature rupture of the membranes, n (%) 0 (0.00%) 1 (2.04%) 1.000

  Postpartum hemorrhage, n (%) 1 (5.88%) 1 (2.04%) 0.452

  Cesarean delivery, n (%) 14 (82.40%) 41 (83.70%) 1.000

Neonatal outcomes
  Twin pregnancy 2 (11.80%) 11 (22.40%) 0.488

  Gestational age (weeks), mean (SD) 38.0 (1.22) 37.8 (2.63) 0.611

  Preterm birth, n (%) 15 (88.2%) 40 (81.6%) 0.714

  Birth weight (g), mean (SD) 3156 (399) 3323 (603) 0.209

  Birth defect, n (%) 1 (5.88%) 0 (0.00%) 0.258
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Table 4  Comparison between women with cervical cancer and matched controls

Abbreviations: AFC Antral follicle count, BMI Body mass index, hCG Human chorionic gonadotropin, ICSI Intracytoplasmic sperm injection, IVF In vitro fertilization, SD 
Standard deviation

Cervical cancer (n = 33) Control group (n = 51) P value

Maternal age at oocyte retrieval (years), mean (SD) 33.1 (3.59) 32.6 (4.09) 0.554

BMI (kg/m2), mean (SD) 21.7 (3.21) 21.8 (2.79) 0.876

Duration of infertility (years), mean (SD) 3.64 (2.58) 3.57 (2.92) 0.912

Infertility type, n (%) 0.786

  Primary 15 (45.50%) 26 (51.00%)

  Secondary 18 (54.50%) 25 (49.00%)

AFC, mean (SD) 13.7 (7.74) 15.0 (5.80) 0.436

FIGO stage -

  0 12 (36.36%) -

  IA1 1 (3.03%) -

  IA2 2 (6.06%) -

  IB1 14 (42.42%) -

Treatment manner, n (%) -

  Surgery 29 (87.90%) -

  Surgery + Chemotherapy 4 (12.10%) -

Time to IVF (months), median (range) 25 (2–100) - -

Ovarian stimulation outcomes
  Gonadotropin consumption (IU), mean (SD) 2223 (755) 2424 (1114) 0.332

  Days of stimulation, mean (SD) 10.1 (1.87) 10.7 (2.09) 0.137

  Estradiol level at hCG day (pg/ml), mean (SD) 4334 (2953) 4851 (2039) 0.383

  Fertilization method, n (%) 0.639

    IVF 24 (72.70%) 39 (76.50%)

    ICSI 8 (24.20%) 11 (21.60%)

    IVF + ICSI 0 (0.00%) 1 (1.96%)

  No. of oocyte retrieved, mean (SD) 10.0 (5.10) 11.8 (6.17) 0.149

  Fertilized rate (%), mean (SD) 81.5 (15.50) 81.9 (14.70) 0.894

  Cleavage rate (%), mean (SD) 97.3 (6.48) 98.2 (5.06) 0.506

  No. of day-3 embryos, mean (SD) 5.61 (3.94) 7.25 (4.40) 0.078

  No. of blastocysts, mean (SD) 1.36 (2.74) 1.45 (2.90) 0.889

Pregnancy outcomes
  No. of embryo transfer, mean (SD) 1.52 (0.76) 1.33 (0.52) 0.231

  No. of embryos transferred, mean (SD) 2.18 (1.29) 2.22 (0.83) 0.894

  Ongoing pregnancy rate, n (%) 10 (30.30%) 35 (68.60%) 0.001
  Cumulative live birth rate, n (%) 8 (24.20%) 35 (68.60%)  < 0.001
Obstetrical complications
  Hypertensive disorders in pregnancy, n (%) 0 (0.00%) 3 (8.57%) 1.000

  Gestational diabetes, n (%) 0 (0.00%) 7 (20.00%) 0.315

  Placenta previa, n (%) 0 (0.00%) 0 (0.00%) -

  Preterm premature rupture of the membranes, n (%) 0 (0.00%) 2 (5.71%) 1.000

  Postpartum hemorrhage, n (%) 0 (0.00%) 2 (5.71%) 1.000

  Cesarean delivery, n (%) 5 (62.50%) 29 (82.90%) 0.332

Neonatal outcomes
  Twin pregnancy 0 (0.00%) 12 (34.30%) 0.082

  Gestational age (weeks), mean (SD) 36.8 (2.96) 37.3 (2.02) 0.639

  Preterm birth, n (%) 6 (75.00%) 22 (62.9%) 0.692

  Birth weight (g), mean (SD) 2807 (759) 3101 (675) 0.338

  Birth defect, n (%) 1 (12.50%) 0 (0.00%) 0.186
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showed no impact of malignancy history on ovarian 
response or live birth outcomes [13]. However, the 
opposite conclusion was demonstrated in another 
meta-analysis, showing a significantly lower number of 
retrieved oocytes among cancer patients even before 
radiotherapy or chemotherapy [14]. In a study exploring 
the impact of cancer type on ovarian response to 
stimulation for fertility preservation, a lower ovarian 
response was observed in patients with gynecologic 
cancers [15]. It is important to interpret these results 
with caution due to variations in sample size, types of 
malignancies, and patient age across different studies. 
Our study found a poor ovarian stimulation outcome in 
the patients with a history of gynecologic cancer in terms 
of significantly lower numbers of retrieved oocytes, day-3 
embryos, and blastocysts. We also observed that women 
with gynecologic cancer tended to have lower ongoing 
pregnancy rate and cumulative live birth rate, consistent 
with previous research [16].

Specific cancer types can influence reproductive out-
comes [17]. Previous studies on fertility preservation in 
gynecologic cancer patients have reported live birth rates 
ranging from 28 to 66% in patients with endometrial 
cancer after conservative oral progestin therapy [18, 19]. 
However, the studies on pregnancy outcomes following 
ART use are limited, mostly consisting of case reports. 
Elizur et al. reported a live birth rate of 50% in 8 endome-
trial cancer patients referred to IVF treatment [20]. Kim 
et al. demonstrated a cumulative pregnancy rate (27.3%) 
after the IVF procedure in 22 patients with early-stage 
endometrial cancer [21]. Our study, which included a rel-
atively large number of 44 endometrial cancer patients, 
reported a decreased cumulative live birth rate (38.60% 
vs. 64.50%) compared to age-matched women under-
going IVF/ICSI. All endometrial cancer patients had 
received daily oral progestin therapy (megestrol acetate 
160 mg) and underwent hysteroscopy assessments every 
3 months until achieving complete response, with fertility 
treatment initiated after two consecutive evaluations and 
biopsies [22]. In the case of endometrial cancer, women 
might experience impaired endometrial response to 
infertility treatments because of their primary endome-
trial cancerous conditions, the post-high-dose progestin 
therapy status, and repeated hysteroscopy examinations 
or endometrial curettages [23]. The hysteroscopy or 
curettage procedures can lead endometritis, intrauterine 
adhesions, and endometrial thinning, exerting a damag-
ing impact on the endometrial function.

A review of cervical cancer patients who underwent 
fertility preservation surgeries reported a live birth rate 
of 39% and varying proportions of patients seeking ART 
treatment [24]. A study on early cervical lesions, including 
cervical intraepithelial neoplasia and early invasive 

cancer, revealed that cervical lesions were associated 
with lower ovarian reserve, reduced pregnancy rate, and 
decreased live birth rate [25]. The results of our study 
suggested that female patients with a history of early 
cervical cancer had similar ovarian stimulation outcomes 
but a decreased cumulative live birth rate (24.20% vs. 
68.60%) compared with age-matched women undergoing 
IVF/ICSI. Fertility-sparing surgeries for early-stage 
cervical cancer patients included cervical conization, 
cervical excision, and radical trachelectomy [26]. Patients 
with intermediate-risk factors for recurrence post-
surgery were advised to undergo comprehensive adjuvant 
therapy, typically comprising 3–6 cycles of the paclitaxel/
cisplatin regimen [27]. In the case of cervical cancer, 
although early lesions are localized and treatments 
do not directly involve the ovaries, some research 
suggest that the deleterious impact on the reproductive 
outcome may be related to cervical treatments, human 
papilloma virus (HPV) infection, and the potential 
reproductive damaging effects of the tumor itself. The 
various types of fertility-saving procedures for cervical 
cancer, which differ in terms of surgical approach and 
extent of paracervical resection, can influence pregnancy 
outcomes [28, 29]. Additionally, cervical treatments 
can result in a shortened cervical length and abnormal 
cervical function, increasing the risk of miscarriage or 
preterm delivery [30]. Based on follow-up data among 
149 cervical cancer patients attempting pregnancy 
post-surgery, 30 pregnancies occurred, resulting in 11 
miscarriages and 19 successful deliveries, including 14 
full-term births [31]. The efficacy of cervical cerclage 
was highlighted, with 12 out of 20 cases leading to full-
term births compared to 3 out of 5 cases without cerclage 
experiencing second-trimester miscarriage or preterm 
birth [31]. As cervical cancer has clear association with 
HPV positivity, the impact of the HPV infection on 
reproductive function should not be ignored. Studies 
have reported a significant decreased pregnancy rate 
in IVF cycles in women with cervical HPV infection 
[32]. Furthermore, the diagnosis of HPV infection 
is associated with a marked increase in the risk of 
pregnancy loss [33]. However, more research is needed to 
reveal the underlying mechanisms and develop strategies 
to optimize fertility preservation in gynecologic cancer 
patients.

The obstetrical outcomes of cancer patients who 
achieve pregnancy after ART have received continuous 
attention, but available data are limited. Previous 
studies have shown that women with a history of cancer 
are at a greater risk of adverse pregnancy outcomes, 
such as miscarriage, preterm birth, and a rare 
occurrence of cardiomyopathy [34]. However, our study 
found no association between a history of gynecologic 
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malignancy and adverse pregnancy outcomes or 
pregnancy-related complications. Another study 
reported higher rates of preterm birth and low birth 
weight among cancer survivors, although the difference 
was not statistically significant [13]. Nevertheless, 
due to the limited statistical power of most studies, 
larger-scale studies are needed to investigate potential 
complications associated with an oncologic history. 
Still, long-term survival outcomes after ART among 
patients with a history of gynecologic cancer remain 
poorly understood, emphasizing the importance of 
ongoing obstetric surveillance and close follow-up for 
these patients.

The strengths of this study included its detailed infor-
mation on reproductive outcomes and long follow-up 
time. However, some limitations must be recognized. 
Similar to other studies, our study was limited by the 
retrospective design in nature and small sample size of 
its patient cohort. Therefore, we were unable to con-
sider other types of cancers such as ovarian cancer. In 
addition, the effect of cancer treatments was not evalu-
ated specifically in the current study due to the limited 
number of patients and possible inconsistency in surgi-
cal operations.

Conclusions
Our findings indicate that a history of gynecologic can-
cer among infertile women pose a significantly negative 
impact on the IVF/ICSI outcomes, with a poor ovar-
ian response and a lower live birth rate. Our findings 
underscore the challenges and complexities of achiev-
ing successful ART outcomes in patients with a history 
of gynecologic cancer.

This study provides data support for further explo-
ration of the effects of endometrial cancer, cervical 
cancer, and other gynecologic cancers on fertility, advo-
cating that oncologists and reproductive physicians pay 
more attention to these patients. Comprehensive ovar-
ian function assessment, detailed counseling, individu-
alized fertility guidance, and close follow-up after ART 
therapy are recommended for patients with gyneco-
logic malignancy history. Further research of the long-
term reproductive and oncological outcomes of cancer 
survivors should be conducted.

Acknowledgements
We sincerely thank our colleagues for their assistance and support. We appre-
ciate all patients who participated in this study.

Authors’ contributions
J. L. and H. L. conceived and designed the protocols. T. Y., L. L., X. S., and H. 
L. collected data. J. L. and H. L. conducted the analysis and interpreted the 
results. J. L. drafted the original version of the manuscript. H. L. made critical 
revisions of the manuscript. All authors contributed to reviewing and editing 
multiple versions of the manuscript. X. S. and H. L. supervised the study.

Funding
This work was supported by the National Natural Science Foundation of China 
(82171644) and Shanghai Shen Kang Hospital Development Center Municipal 
Hospital New Frontier Technology Joint Project (SHDC12017105).

Availability of data and materials
All data sharing and collaboration requests should be directed to the cor-
responding author.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Shanghai Ji 
Ai Genetics and IVF Institute, Obstetrics and Gynecology Hospital of Fudan 
University (JIAI E2023-10).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Center for Reproductive Medicine, Xinhua Hospital, Shanghai Jiao Tong Uni-
versity School of Medicine, Shanghai, China. 2 Shanghai Ji Ai Genetics and IVF 
Institute, Obstetrics and Gynecology Hospital, Fudan University, Shanghai, 
China. 3 Key Laboratory of Female Reproductive Endocrine Related Diseases, 
Obstetrics and Gynecology Hospital, Fudan University, Shanghai, China. 

Received: 19 February 2024   Accepted: 31 July 2024

References
	1.	 De Vos M, Smitz J, Woodruff TK. Fertility preservation in women with 

cancer. Lancet. 2014;384(9950):1302–10.
	2.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer 

J Clin. 2021;71(1):7–33.
	3.	 Bolnick A, Bolnick J, Diamond MP. Postoperative adhesions as 

a consequence of pelvic surgery. J Minim Invasive Gynecol. 
2015;22(4):549–63.

	4.	 Larsen EC, Muller J, Schmiegelow K, Rechnitzer C, Andersen AN. Reduced 
ovarian function in long-term survivors of radiation- and chemotherapy-
treated childhood cancer. J Clin Endocrinol Metab. 2003;88(11):5307–14.

	5.	 Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer EE, Wallace WH. 
Cancer treatment and gonadal function: experimental and established 
strategies for fertility preservation in children and young adults. Lancet 
Diabetes Endocrinol. 2015;3(7):556–67.

	6.	 Irene SuH, Lee YT, Barr R. Oncofertility: meeting the fertility goals of 
adolescents and young adults with cancer. Cancer J. 2018;24(6):328–35.

	7.	 Loren AW, Mangu PB, Beck LN, Brennan L, Magdalinski AJ, Partridge AH, 
et al. Fertility preservation for patients with cancer: American Society 
of Clinical Oncology clinical practice guideline update. J Clin Oncol. 
2013;31(19):2500–10.

	8.	 Peccatori FA, Azim HA Jr, Orecchia R, Hoekstra HJ, Pavlidis N, Kesic V, 
et al. Cancer, pregnancy and fertility: ESMO Clinical Practice Guidelines 
for diagnosis, treatment and follow-up. Ann Oncol. 2013;24(Suppl 
6):vi160–70.

	9.	 Azim HA Jr, Santoro L, Pavlidis N, Gelber S, Kroman N, Azim H, et al. Safety 
of pregnancy following breast cancer diagnosis: a meta-analysis of 14 
studies. Eur J Cancer. 2011;47(1):74–83.

	10	 Rosenberg E, Fredriksson A, Einbeigi Z, Bergh C, Strandell A. No increased 
risk of relapse of breast cancer for women who give birth after assisted 
conception. Hum Reprod Open. 2019;2019(4):hoz039.

	11.	 van Dorp W, Haupt R, Anderson RA, Mulder RL, van den Heuvel-Eibrink 
MM, van Dulmen-den BE, et al. Reproductive function and outcomes 



Page 10 of 10Lin et al. Reproductive Biology and Endocrinology           (2024) 22:97 

in female survivors of childhood, adolescent, and young adult cancer: a 
review. J Clin Oncol. 2018;36(21):2169–80.

	12.	 Turan V, Quinn MM, Dayioglu N, Rosen MP, Oktay K. The impact of 
malignancy on response to ovarian stimulation for fertility preservation: a 
meta-analysis. Fertil Steril. 2018;110(7):1347–55.

	13.	 Li Y, Cai X, Dong B, Wang Q, Yang X, Yu A, et al. The Impact of malignancy 
on assisted reproductive outcomes for cancer survivors: a retrospective 
case-control study. Front Oncol. 2022;12:941797.

	14.	 Friedler S, Koc O, Gidoni Y, Raziel A, Ron-El R. Ovarian response to 
stimulation for fertility preservation in women with malignant disease: a 
systematic review and meta-analysis. Fertil Steril. 2012;97(1):125–33.

	15.	 Alvarez RM, Ramanathan P. Fertility preservation in female oncology 
patients: the influence of the type of cancer on ovarian stimulation 
response. Hum Reprod. 2018;33(11):2051–9.

	16.	 Luke B, Brown MB, Missmer SA, Spector LG, Leach RE, Williams M, et al. 
Assisted reproductive technology use and outcomes among women 
with a history of cancer. Hum Reprod. 2016;31(1):183–9.

	17.	 Santaballa A, Marquez-Vega C, Rodriguez-Lescure A, Rovirosa A, 
Vazquez L, Zeberio-Etxetxipia I, et al. Multidisciplinary consensus on 
the criteria for fertility preservation in cancer patients. Clin Transl Oncol. 
2022;24(2):227–43.

	18.	 Gallos ID, Yap J, Rajkhowa M, Luesley DM, Coomarasamy A, Gupta 
JK. Regression, relapse, and live birth rates with fertility-sparing 
therapy for endometrial cancer and atypical complex endometrial 
hyperplasia: a systematic review and metaanalysis. Am J Obstet Gynecol. 
2012;207(4):266 e1–12.

	19.	 Park JY, Seong SJ, Kim TJ, Kim JW, Kim SM, Bae DS, et al. Pregnancy 
outcomes after fertility-sparing management in young women with early 
endometrial cancer. Obstet Gynecol. 2013;121(1):136–42.

	20.	 Elizur SE, Beiner ME, Korach J, Weiser A, Ben-Baruch G, Dor J. Outcome of 
in vitro fertilization treatment in infertile women conservatively treated 
for endometrial adenocarcinoma. Fertil Steril. 2007;88(6):1562–7.

	21.	 Kim MJ, Choe SA, Kim MK, Yun BS, Seong SJ, Kim YS. Outcomes of in vitro 
fertilization cycles following fertility-sparing treatment in stage IA 
endometrial cancer. Arch Gynecol Obstet. 2019;300(4):975–80.

	22.	 Chen J, Cheng Y, Fu W, Peng X, Sun X, Chen H, Chen X, Yu M. PPOS 
protocol effectively improves the IVF outcome without increasing the 
recurrence rate in early endometrioid endometrial cancer and atypical 
endometrial hyperplasia patients after fertility preserving treatment. 
Front Med (Lausanne). 2021;8:581927.

	23.	 Inoue O, Hamatani T, Susumu N, Yamagami W, Ogawa S, Takemoto T, et al. 
Factors affecting pregnancy outcomes in young women treated with 
fertility-preserving therapy for well-differentiated endometrial cancer or 
atypical endometrial hyperplasia. Reprod Biol Endocrinol. 2016;14:2.

	24.	 Zapardiel I, Cruz M, Diestro MD, Requena A, Garcia-Velasco JA. 
Assisted reproductive techniques after fertility-sparing treatments in 
gynaecological cancers. Hum Reprod Update. 2016;22(3):281–305.

	25.	 Yang Q, Hu J, Wang M, Li Z, Huang B, Zhu L, et al. Early cervical lesions 
affecting ovarian reserve and reproductive outcomes of females in 
assisted reproductive cycles. Front Oncol. 2022;12:761219.

	26.	 Kohn JR, Katebi Kashi P, Acosta-Torres S, Beavis AL, Christianson MS. 
Fertility-sparing surgery for patients with cervical, endometrial, and 
ovarian cancers. J Minim Invasive Gynecol. 2021;28(3):392–402.

	27.	 Gynecologic Oncology Committee of Chinese Anti-cancer Association. 
Expert consensus on fertility preservation in early-stage cervical cancer in 
China. Chin J Practical Gynecol Obstet. 2022;38(6):634–41.

	28.	 Rob L, Skapa P, Robova H. Fertility-sparing surgery in patients with 
cervical cancer. Lancet Oncol. 2011;12(2):192–200.

	29.	 Spracklen CN, Harland KK, Stegmann BJ, Saftlas AF. Cervical surgery for 
cervical intraepithelial neoplasia and prolonged time to conception of a 
live birth: a case-control study. BJOG. 2013;120(8):960–5.

	30.	 Pinborg A, Ortoft G, Loft A, Rasmussen SC, Ingerslev HJ. Cervical 
conization doubles the risk of preterm and very preterm birth in 
assisted reproductive technology twin pregnancies. Hum Reprod. 
2015;30(1):197–204.

	31.	 Li X, Xia L, Li J, Chen X, Ju X, Wu X. Reproductive and obstetric outcomes 
after abdominal radical trachelectomy (ART) for patients with early-stage 
cervical cancers in Fudan. China Gynecol Oncol. 2020;157(2):418–22.

	32.	 Spandorfer SD, Bongiovanni AM, Fasioulotis S, Rosenwaks Z, Ledger 
WJ, Witkin SS. Prevalence of cervical human papillomavirus in women 

undergoing in vitro fertilization and association with outcome. Fertil 
Steril. 2006;86(3):765–7.

	33.	 Perino A, Giovannelli L, Schillaci R, Ruvolo G, Fiorentino FP, Alimondi P, 
et al. Human papillomavirus infection in couples undergoing in vitro 
fertilization procedures: impact on reproductive outcomes. Fertil Steril. 
2011;95(5):1845–8.

	34.	 Farland LV, Stern JE, Hwang SS, Liu CL, Cabral H, Knowlton R, et al. 
Early-life cancer, infertility, and risk of adverse pregnancy outcomes: 
a registry linkage study in Massachusetts. Cancer Causes Control. 
2021;32(2):169–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Analysis of assisted reproductive outcomes for gynecologic cancer survivors: a retrospective study
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population and design
	IVFICSI treatment
	Data collection and outcome measures
	Statistical analyses

	Results
	Patient characteristics
	IVFICSI outcomes
	Assisted reproductive outcomes
	Analysis of endometrial cancer survivors
	Analysis of cervical cancer survivors

	Discussion
	Conclusions
	Acknowledgements
	References


