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Background: Differentiated thyroid cancer (DTC) has been increasingly common
in women of reproductive age. However, the evidence remains mixed regarding
the association of DTC with adverse pregnancy outcomes in pregnant women
previously diagnosed with DTC.

Methods: We conducted a retrospective cohort study in the Peking University
Third Hospital in Beijing, China between January 2012 and December 2022. We
included singleton-pregnancy women with a pre-pregnancy DTC managed by
surgical treatment (after-surgery DTC) or active surveillance (under-surveillance
DTC). To reduce the confounding effects, we adopted a propensity score to
match the after-surgery and under-surveillance DTC groups with the non-DTC
group, respectively, on age, parity, gravidity, pre-pregnancy weight, height, and
Hashimoto's thyroiditis. We used conditional logistics regressions, separately for
the after-surgery and under-surveillance DTC groups, to estimate the adjusted
associations of DTC with both the composite of adverse pregnancy outcomes
and the specific mother-, neonate-, and placenta-related pregnancy outcomes.
Results: After the propensity-score matching, the DTC and non-DTC groups
were comparable in the measured confounders. In the after-surgery DTC
group (n=204), the risk of the composite or specific adverse pregnancy
outcomes was not significantly different from that of the matched, non-DTC
groups (n =816; P>0.05), and the results showed no evidence of difference
across different maternal thyroid dysfunctions, gestational thyrotropin levels,
and other pre-specified subgroup variables. We observed broadly similar
results in the under-surveillance DTC group (n = 37), except that the risk of
preterm birth, preeclampsia, and delivering the low-birth-weight births was
higher than that of the matched, non-DTC group [n =148; OR (95% Cl): 4.79
(1.31, 17.59); 4.00 (1.16, 13.82); 6.67 (1.59, 27.90)].

Conclusions: DTC was not associated with adverse pregnancy outcomes in
pregnant women previously treated for DTC. However, more evidence is
urgently needed for pregnant women with under-surveillance DTC, which
finding will be clinically significant in individualizing prenatal care.
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Introduction

Since the implementation of China’s two-child policy (1), the
proportion of high-risk pregnancies increased from 15.7% in
2008 to 24.7% in 2016 and exceeded 30.0% in 2018 (2). The
corresponding increase in adverse pregnancy outcomes has
brought new challenges to the reduction of maternal mortality
ratio (3-5). Along with this, females have also faced the 2nd
most commonly diagnosed cancer related to pregnancy: thyroid
cancer. Of all thyroid cancers, differentiated thyroid cancer
(DTC) accounts for more than ninety percent. Notably, the
incidence of DTC shows an increasing trend among women of
reproductive age (6). Recently, a focus on patients with a pre-
pregnancy DTC has been strengthened in the Guidelines (2022)
for Prevention and Management of Thyroid Diseases During
Pregnancy and Perinatal Period in China (7).

Women with DTC are “candidates” for high-risk pregnancies.
They would primarily undergo thyroidectomy surgery to manage
DTC. They would also receive postoperative thyrotropin (TSH)
suppression therapy (the thyroid hormone therapy used to
suppress serum TSH levels lower than the normal range) to
minimize the risk of DTC recurrence (8). Both surgery and
postoperative hormone therapy may result in hypothyroidism or
hyperthyroidism (9, 10), and this is more frequently occurring in
pregnant women due to the fluctuation of gestational thyroid
hormones. As an alternative to immediate surgery, active
surveillance is a viable option for appropriately selected patients
with low-risk DTC (11). Active surveillance refers to a period of
close monitoring of cancer progression without performing
immediate surgery. Compared to patients with immediate
surgery, patients under active surveillance were shown to be at
higher anxiety due to the risk for possible DTC progression
(12, 13), predisposing them to adverse pregnancy outcomes.

It is important to clarify whether DTC is associated with the
risk of adverse pregnancy outcomes. Notably, multiple risk
factors other than DTC have been reported to relate to adverse
pregnancy outcomes (14, 15). Theoretically, pregnant women
would benefit from all prevention measures for adverse
pregnancy outcomes. Practically, it is often not possible to
implement such prevention measures at scale due to a lack of
resources in real-world settings. To optimize resource allocation
for prenatal care, pregnant women are often stratified into high-,
moderate-, or low-risk groups and receive targeted interventions
corresponding to their risk stratification. Therefore, if DTC is
indeed associated with an elevated risk of adverse pregnancy
outcomes, DTC should be considered as one risk factor in the
management system of risk stratification for pregnant women; if
not, clinicians can inform patients that additional prenatal
examinations specific to DTC are unnecessary in most cases.
This shared decision-making between clinicians and patients is
not only helpful in relieving the current strain of medical
resources but also in reducing the patients’ psychological burden
due to the cancer “label” attached to them.

Controversy remains regarding the association of DTC with
adverse pregnancy outcomes (16). This could be interpreted by
the study population, controlled confounders, study outcomes,
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analysis methods, or effect modification. Until now, no studies
on the present topic have focused on pregnant women with a
pre-pregnancy DTC managed by active surveillance (briefly
termed under-surveillance DTC below). To fill the research gap,
our study included patients with under-surveillance or after-
surgery DTC, adopted propensity-score matching (PSM) to
control confounding effects (17) and clarified the association of
DTC with the risk of adverse mother-, placental-, or neonatal-
related pregnancy outcomes. We also conducted several subgroup
analyses to examine the potential factors that modify the
exposure-outcome associations. The findings of this study would
have important significance for clinical decision-making in
individualizing prenatal care.

Methods
Study population

Our multidisciplinary research team included experts in the
fields of surgery, pathology, ultrasound, obstetrics, endocrinology,
and maternal and child health. We conducted a retrospective
cohort study at Peking University Third Hospital in Beijing,
China between January 2012 and December 2022.

For the exposed group, we included singleton-pregnancy women
with a pre-pregnancy DTC managed by active surveillance (under-
surveillance DTC) or surgical treatment (after-surgery DTC). We
excluded those with a diagnosis of malignant tumors other than
DTC. If women had multiple pregnancies, we only included their
first pregnancy. Specifically, women were eligible for the under-
surveillance DTC group if they: (1) undergo no less than 2 rounds
of examinations of neck ultrasonography during surveillance
(before surgical treatment), (2) be under surveillance for at least 6
months, and (3) have no evidence of lymph node metastasis or
extrathyroid invasion at baseline examination. Women were
eligible for the after-surgery DTC group if they: (1) be treated with
total thyroidectomy or lobectomy, and (2) have follow-up (after-
surgery) examinations of neck ultrasonography or measurements
of serum thyroglobulin (Tg) levels and Tg antibodies.

For the control group, we included singleton-pregnancy
women without a pre-conception diagnosis of DTC and further
obtained a propensity score (PS) matched population to balance
measured confounders between the DTC and non-DTC control
groups. We took two steps for the PS matching. First, we used
logistic regression to estimate the PS (18), i.e., the probability of
an individual included in the exposed group conditional on the
observed confounders (X) at baseline: ¢; = P,(Z; = 1|X;). Based
on literature review (16, 19-25) as well as domain knowledge of
the present topic, we selected observed confounders including
age, parity, height,
Hashimoto’s thyroiditis. Then, we performed the matching at a

gravidity, pre-pregnancy weight, and
1:4 ratio with a caliper of width equal to 0.4 standard deviation
of the logit of the PS. This choice of caliper width was made
after careful consideration of both the balance of baseline
confounders and the sample size, building on our prior work

(26, 27). Data were carefully collected from medical records by
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two researchers with rich experiences in clinical practice (X.L.) and
statistical analyses (W.C.X.). This study obtained approval from the
Medical Research Ethics Committee of Peking University Third
Hospital (No. IRB00006761-M2022721).

Pregnancy outcomes

Taking advantage of well-documented, fine-grained clinical
records, we were able to collect a variety of mother-, neonate-, or
placenta-related pregnancy outcomes. The primary outcome was
(ie., the
occurrence of any adverse pregnancy outcomes). The secondary

the composite of adverse pregnancy outcomes

outcomes were the specific type of adverse pregnancy outcomes
including mother-, neonate-, or placenta-related pregnancy
outcomes. Mother-related pregnancy outcomes included assisted
reproduction, cesarean delivery, preterm birth, gestational
diabetes mellitus, preeclampsia, abortion, premature rupture of
membranes, precipitate labor, postpartum anemia, and
postpartum hemorrhage. Neonate-related pregnancy outcomes
included stillbirth, macrosomia, low birth weight, and small for
gestational age. Placenta-related pregnancy outcomes included
placental abruption, abnormal aggressive placenta, placenta

previa, retained placenta, and battledore placenta.

Statistical analyses

To compare differences between groups, we used the ¢-test and
Kruskal-Wallis rank sum test for normally and abnormally
distributed continuous variables, respectively, and the Pearson
chi-square test or Fisher exact probability test (when the number
of patients <5) for categorical variables. After the establishment
of the PS model, we compared differences
characteristics between the DTC and PS-matched non-DTC
groups by using weighted regression based on the matching

in Dbaseline

weight; specifically, we compared means and prevalence of

baseline measured characteristics of subjects via the
recommended standardized differences for continuous [Formula
(1)] and dichotomous [Formula (2)] variables, respectively (28).
We used the threshold value of standardized differences higher
than 10% to indicate a meaningful imbalance in baseline
covariate distribution between the DTC and non-DTC groups.
We used conditional logistics regression models, taking into
account the matching properties of the data, to assess the
associations of DTC with pregnancy outcomes, for the under-

surveillance and after-surgery DTC patients, respectively.

d= (xexpose - xcontrol) (1)
2 2
sexpose + Scontrol
2

(pexpose B pcontrol)

\/‘bexpose(l - pexpose) + IA)control(1 - Z)control)
2

d (2)
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(Xexpose and Xcontrol denote the sample mean of the covariate in exposed

2

2
expose and s

and control subjects, respectively; s 2 ntrol

denote the sample
variance of the covariate in exposed and control subjects, respectively;
j)expose and P, denote the prevalence of the dichotomous variable
in exposed and control subjects, respectively).

We further conducted pre-specified subgroup analyses at two
levels. First, in both the DTC and non-DTC groups, we explored
whether the exposure-outcome associations differed by maternal
advanced age (>35, <35 years), primipara (yes, no), overweight
or obesity (yes, no), assisted reproduction (yes, no), overt
hyperthyroidism (yes, no), subclinical hyperthyroidism (yes, no),
overt hypothyroidism (yes, no), subclinical hypothyroidism (yes,
no), Hashimoto’s thyroiditis (yes, no), TSH score (reflecting the
average levels of TSH during gestation), and TSH instability
(reflecting the degree of fluctuation of TSH during gestation).
Second, specifically in the DTC group, we examined whether the
risk of adverse pregnancy outcomes differed by tumor type
(papillary thyroid carcinoma; follicular thyroid carcinoma),
surgery type (total thyroidectomy; lobectomy), response to
therapy (excellent; incomplete), TSH suppression therapy (over
treatment; mild under treatment; under treatment), the time
interval between surgical treatment and conception. Details about
the subgroup variables and the cutoffs are shown in
Supplementary Table S1. Statistical analyses were performed
using R software version 4.3 and Stata software version 16.0.

P values less than 0.05 were considered statistically significant.

Results

Baseline characteristics of the DTC and
non-DTC groups

The under-surveillance and after-surgery DTC groups included
37 and 204 pregnant women, respectively, and the correspondingly
PS-matched, non-DTC control groups included 148 and 816
pregnant women, respectively (Figure 1). Before PS matching, the
DTC and non-DTC groups differed in the distribution of
maternal age thyroiditis
(Supplementary Table S2). After PS matching, the DTC group
and the matched non-DTC groups were broadly similar in all

and occurrence of Hashimoto’s

measured confounders (Table 1; Figure 2).

In the under-surveillance DTC group, 91.7% and 8.3% of them
were diagnosed with papillary thyroid cancer and follicular thyroid
cancer, respectively; for the clinical TNM stage at the diagnosis, all
were NO, and 73.0%, 21.6%, and 5.4% of them were T1la, T1b, and
T2, respectively. In this study setting, no levothyroxine medication
was administered to under-surveillance individuals to maintain low
TSH levels. This was following the current Guidelines for the
diagnosis and management of thyroid nodules and differentiated
thyroid cancer in China (29).

In the after-surgery DTC group, 96.3% and 3.7% of them were
diagnosed with papillary thyroid cancer and follicular thyroid
cancer, respectively; for the pathological TNM stage, 58.1%,
30.2%, 3.5%, 3.5%, and 4.7% of them were Tla, T1b, T2, T3a,
and T3b, respectively, and 79.8%, 14.6%, and 5.6% of them were
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Pregnant women with eligible information between January 2012 and December 2022
(n=2238)

Non-DTC group

(n=1997)
| Propensity score matching _ ‘Propensity score matching |
A 4 Y
Under-surveillance DTC Matched, non-DTC Matched, non-DTC After-surgery DTC
group group group group
(n=137) (n=148) (n=816) (n=204)

FIGURE 1

Flow chart of inclusion, exclusion, and PSM of the study participants.

TABLE 1 Comparison of baseline characteristics between the DTC and the matched, non-DTC groups.

Characteristics

Under-surveillance DTC group vs. non-DTC group | After-surgery DTC group vs. non-DTC group

Under-surveillance Non-DTC group P After-surgery Non-DTC group P
DTC group matched with under- DTC group matched with
surveillance DTC after-surgery DTC
(n=37) (n =148) (n =204) (n = 816)
Age, year 33.16 + 3.40 32.88 +3.68 0.733 33.91+4.17 33.79 +4.02 0.770
Height, cm 163.12+5.24 162.85 +5.51 0.829 162.07 +9.56 162.38 +9.77 0.749
Pre-pregnancy weight, kg 59.76 + 6.70 57.90+9.30 0330 59.11+11.14 60.27 +34.52 0.648
Gestational weight gain, kg 12.38 +4.67 11.93+3.77 0.657 12.45 +4.50 11.86 £4.31 0.181
Primi-gravidity (%) 16 (43.24) 70 (47.30) 0.730 98 (48.04) 422 (51.72) 0.459
Primi-parity (%) 23 (62.16) 102 (68.92) 0.547 141 (69.12) 572 (70.10) 0.830
Hashimoto’s thyroiditis (%) 17 (45.95) 72 (48.65) 0.819 39 (19.12) 159 (19.49) 0.952

NO, N1a, and N1b, respectively; for those with complete treatment
information at follow-up (n=70), 12.9% of them received the
radioactive iodine (RAI) treatment.

Pregnancy outcomes in the under-
surveillance DTC group and PS-matched,
non-DTC group

We compared the risk of adverse pregnancy outcomes between
the under-surveillance DTC (n=37) and PS-matched non-DTC
(n=148) groups in Table 2. There was no evidence of difference
between the two groups in the composite of adverse pregnancy
outcomes [OR (95% CI): 0.94 (0.33, 2.71); P=0.913], mother- [OR
(95% CI): 1.17 (0.42, 3.28); P=0.762], neonate- [OR (95% CI):
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2.06 (0.71, 6.01); P=0.183], or placenta-related [OR (95% CI):
0.78 (0.21, 2,88); P=0.708] adverse pregnancy outcomes. However,
the under-surveillance DTC was associated with a higher risk of
preterm birth [OR (95% CI): 4.79 (1.31, 17.59); P=0.018],
preeclampsia [OR (95% CI): 4.00 (1.16, 13.82); P=0.028] and
having a low-birth-weight baby [OR (95% CI): 6.67 (1.59, 27.90);
P =0.009], compared with the matched, non-DTC group.

Pregnancy outcomes in the after-surgery
DTC group and PS-matched, non-DTC

group

We compared the risk of adverse pregnancy outcomes between
the after-surgery DTC (n=204) and PS-matched non-DTC
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FIGURE 2
Standardized differences across the baseline measured confounders in the unmatched and matched comparisons (left: comparison between the
under-surveillance DTC group and non-DTC group; right: comparison between the after-surgery DTC group and non-DTC group.).

TABLE 2 Associations of under-surveillance DTC, after-surgery DTC with adverse pregnancy outcomes.

Outcome indicators

Under-surveillance DTC group vs. non-DTC

After-surgery DTC group vs. non-DTC group

group
Under- PS matched, OR (95% CI) P After- PS matched, OR (95% CI) | P
surveillance non-DTC surgery DTC | non-DTC
DTC group group group group
(n=37) (n=148) (n=204) (n=816)

Mother-related pregnancy 32 (86.49) 125 (84.46) 1.17 (0.42, 3.28) | 0.762 183 (89.71) 702 (86.03) 143 (0.87,2.35) | 0.162
outcomes
Assisted reproduction 7 (18.92) 14 (9.46) 2.36 (0.84, 6.63) 0.102 24 (11.76) 121 (14.83) 0.75 (0.46, 1.22) 0.243
Cesarean delivery 18 (48.65) 56 (37.84) 1.52 (0.75, 3.07) 0.245 75 (36.76) 299 (36.64) 1.01 (0.73, 1.39) 0.974
Preterm birth 6 (16.22) 7 (4.73) 4.79 (1.31, 17.59) | 0.018 15 (7.35) 60 (7.35) 1.00 (0.55, 1.80) 1.000
Preeclampsia 5(13.51) 5(3.38) 4.00 (1.16, 13.82) | 0.028 12 (5.88) 58 (7.11) 0.82 (0.43, 1.55) 0.536
Gestational diabetes 10 (27.03) 37 (25.00) 1.11 (0.50, 2.48) 0.803 56 (27.45) 226 (27.70) 0.99 (0.70, 1.39) 0.944
Abortion 2 (5.41) 2 (1.35) 4.00 (0.56, 28.40) | 0.166 9 (4.41) 25 (3.06) 146 (0.67, 3.17) | 0.341
Puerperal anemia 19 (51.35) 60 (40.54) 1.60 (0.75, 3.40) | 0.222 82 (40.20) 343 (42.03) 0.93 (0.68, 1.26) | 0.638
Premature rupture of 3 (8.11) 28 (18.92) 0.38 (0.11, 1.33) | 0.129 43 (21.08) 170 (20.83) 1.02 (0.70, 1.48) | 0.938
membranes
Precipitate labour 0 (0.00) 2 (1.35) 1 (0.49) 6 (0.74) 0.67 (0.08, 5.54) 0.707
Postpartum hemorrhage 3 (8.11) 22 (14.86) 0.50 (0.14, 1.79) 0.289 29 (14.22) 121 (14.83) 0.95 (0.62, 1.47) 0.826
Neonate-related pregnancy 6 (16.22) 13 (8.78) 2.06 (0.71, 6.01) 0.183 32 (15.69) 117 (14.34) 1.11 (0.73, 1.69) 0.630
outcomes
Stillbirth 0 (0.00) 1 (0.68) 0 (0.00) 0 (0.00)
Macrosomia 1 (2.70) 4 (2.70) 1.00 (0.10, 10.07) | 1.000 17 (8.33) 42 (5.15) 1.67 (0.93, 2.99) | 0.085
Low birth weight 5 (13.51) 3 (2.03) 6.67 (1.59, 27.90) | 0.009 11 (5.39) 45 (5.51) 0.98 (0.49, 1.95) | 0.944
Small for gestational age 0 (0.00) 5(3.38) 0.00 (0.00,.) 1.000 5 (2.45) 43 (5.27) 0.46 (0.18, 1.16) | 0.100
Placenta-related pregnancy 3 (8.11) 15 (10.14) 0.78 (0.21, 2.88) | 0.708 21 (10.29) 91 (11.15) 0.92 (0.56, 1.50) | 0.729
outcomes
Placental abruption 1 (2.70) 2 (1.35) 1 (0.49) 7 (0.86) 0.57 (0.07, 4.64) | 0.601
Abnormal aggressive 1 (2.70) 3 (2.03) 1.33 (0.14, 12.82) | 0.803 5 (2.45) 17 (2.08) 1.18 (043, 3.19) | 0.749
placenta
Placenta previa 0 (0.00) 0 (0.00) 1 (0.49) 0 (0.00)
Retained placenta 0 (0.00) 2 (1.35) 3(1.47) 31 (3.80) 0.38 (0.11, 1.25) 0.111
Battledore placenta 1(3.23) 8 (5.93) 0.60 (0.06, 6.23) | 0.672 12 (6.67) 39 (5.44) 1.30 (0.65, 2.61) | 0.459
The composite of adverse 32 (86.49) 129 (87.16) 0.94 (0.33, 2.71) | 0.913 184 (90.20) 712 (87.25) 1.35 (0.81, 2.24) | 0.249
pregnancy outcomes
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(n=2816) groups in Table 2. There was no evidence of difference
between the two groups in the composite of any adverse
pregnancy outcomes (OR (95% CI): 1.35 (0.81, 2.24);
P=0.249), mother- (OR (95% CI): 1.43 (0.87, 2.35); P =0.162),
neonate- (OR (95% CI): 1.11 (0.73, 1.69); P=0.630), or
placenta-related OR (95% CI): 0.92 (0.56, 1.50); P=0.729)
adverse pregnancy outcomes.

Subgroup analyses

The associations of after-surgery DTC with adverse pregnancy
outcomes showed no differences across all prespecified subgroups
(P for interaction>0.05), except that the exposure-outcome
association was stronger (P for interaction < 0.05) among those
with maternal advanced age (>35 years) than those with younger
age (Figure 3).

Among pregnant women with after-surgery DTC, the risk of
adverse pregnancy outcomes was shown no differences across
tumor type, surgery type, response to therapy, TSH suppression
therapy, and the time interval between surgical treatment and
conception (all P>0.05; Supplementary Figure SI).

10.3389/fped.2024.1377061

Discussion

This study was the first to examine the associations of DTC
with adverse pregnancy outcomes, with a focus on both the
under-surveillance and after-surgery patients. Taking advantage
of the method of PS matching, we found that the DTC was not
associated with the risk of adverse pregnancy outcomes in most
cases, except for a higher risk of preterm birth, preeclampsia,
and having a low-birth-weight baby in the under-surveillance
DTC group.

The observed higher risk of some adverse pregnancy outcomes
in the under-surveillance DTC group compared with that in the
non-DTC group might be interpreted by patients’ poor
psychological status during the surveillance period. For example,
a prospective cohort study in China showed that patients with
highly suspicious DTC had overall elevated anxiety and worse
emotional function (13). Additionally, other studies indicated
that higher levels of anxiety during pregnancy were associated
with an increased risk of preterm birth (30), preeclampsia (31),
and having a low-birth-weight baby (32). Thus, anxiety during
pregnancy might bridge the association of under-surveillance
DTC with some adverse pregnancy outcomes. Nevertheless, we

Subgroup N (DTC) APO(DTC) N (non-DTC) APO (non-DTC) Odds ratio (95% Cl) P P for interaction
Age (year) 0.023 :
> 35 73 71(97.26) 257 238 (92.61) 2.83(0.64to 12.46) 0.168 —
<35 131 113 (86.26) 559 474 (84.79) 1.13 (0.65t0 1.95)  0.672 —-
Primipara 0.274 :
Yes 141 125 (88.65) 572 493 (86.19) 1.25(0.71t02.22) 0.441 —a—
No 63 59 (93.65) 244 219 (89.75) 1.68 (0.56t0 5.03) 0.351 —v—.—t
Overweight/Obesity 0.200
Yes 56 53(94.64) 215 205 (95.35) 0.86 (0.23t0 3.24) 0.826 ——
No 148 131 (88.51) 601 507 (84.36) 1.43(0.82t02.48) 0.205 -
Assisted reproduction :
Yes 24 24 (100.00) 121 121 (100.00) :
No 180 160 (88.89) 695 591 (85.04) 1.41(0.85t02.34) 0.188 ——
Hyperthyroidism 0.367
Yes 23 22 (95.65) 24 22 (91.67) 2.00 (0.17 to 23.70) 0.583 —’—I—>
No 181 162 (89.50) 792 690 (87.12) 1.26 (0.75t02.12) 0.382 ——
Subclinical hyperthyroidism 0.752
Yes 129 117 (90.70) 94 83 (88.30) 1.29(0.54 to 3.07)  0.561 —a
No 75 67 (89.33) 722 629 (87.12) 1.24 (0.58t0 2.66) 0.584 —
Hypothyroidism
Yes 5 5(100.00) 3 3(100.00)
No 199 179 (89.95) 813 7009 (87.21) 1.31(0.79t0 2.18) 0.292 +
Subclinical hypothyroidism 0.875 i
Yes 54 49(90.74) 35 30(85.71) 1.63(0.44t06.12) 0.466 —_———
No 150 135 (90.00) 781 682 (87.32) 1.31(0.74t02.32) 0.361 —.—
Hashimoto's thyroiditis 0.623
Yes 39 36 (92.31) 159 132 (83.02) 2.45(0.70t0 8.55) 0.159 ——.—>
No 165 148 (89.70) 657 580 (88.28) 1.16 (0.66 to 2.01)  0.609 —a—
TSH score 0.908
> 2.9 (median) 79 71(89.87) 171 146 (85.38) 1.52(0.65t03.54) 0.332 —
< 2.9 (median) 104 94 (90.38) 56 48 (85.71) 1.57 (0.581t04.23) 0.375 +
TSH instability score 0.992 :
> 0.19 (median) 115 103 (89.57) 165 142 (86.06) 1.39(0.66t0 2.92) 0.385 —
<0.19 (median) 77 69 (89.61) 204 179 (87.75) 1.20 (05210 2.80)  0.665 —a—
Overall 204 184 (90.20) 816 712 (87.25) 1.35(0.81t0 2.24) 0.249 >
OT1 1 3
FIGURE 3
Subgroup analyses of pregnancy outcomes in the after-surgery DTC group and PS matched, non-DTC group. DTC, differentiated thyroid cancer; APO,
adverse pregnancy outcomes. The median values of TSH in the after-surgery DTC group and PS matched, non-DTC group were 1.33 and 1.50 ulU/ml,
respectively. The median values of FT4 in the two groups were 1.29 and 1.23 ng/d|, respectively.
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should interpret this finding cautiously due to the modest sample
size of patients with under-surveillance DTC in this study.

We did not observe evidence of differences in the risk of
adverse pregnancy outcomes between the after-surgery DTC and
non-DTC groups. This is potentially interpreted by China’s
highly of high-risk
pregnancies during prenatal care (33). Prenatal care provided for

effective and efficient ~management
pregnant women is often more intensive in the study setting as a
modernized and comprehensive upper first-class hospital in
Beijing, China. However, we should note that patients with DTC
and maternal advanced age were more susceptible to adverse
pregnancy outcomes compared to those with younger age, as
shown in our subgroup analysis results.

Our study contributes to the research field from at least two
aspects. First, previous studies have been only focused on
patients receiving surgical treatment for DTC but little attention
has been paid to those receiving active surveillance, for the
present topic (16). It should be noted that the underlying
mechanisms for the association of DTC with pregnancy
outcomes probably differ between individuals with surgical
treatment and those with active surveillance. The former was
likely to
thyroidectomy or the postoperative TSH suppression treatment,

more experience thyroid dysfunction due to
while the latter was more likely to experience psychological
burdens such as anxiety due to the risk of disease progression.
We have preliminarily filled this research gap by conducting
analyses separately for the two groups of individuals, and we
indeed observed distinct findings between them.

Second, the associations of DTC with adverse pregnancy
outcomes have been reported inconsistently across the previous
studies (16, 19-25). One potential interpretation is that some
factors might modify the exposure-outcome association. Taking
data with detailed
pathological, and endocrinological records, we have conducted

advantage of our clinical, surgical,
multiple subgroup analyses across patient-, disease-, treatment-,
hormone-, and other variables based on the literature review,
previous research work (26, 27), and domain knowledge of our
multidisciplinary research team.

Our study had several limitations. The type of DTC included in
this study was mainly papillary thyroid carcinoma and thus the
finding may not be directly translated to other types of DTC. We
are conducting a prospective study on other types of DTC
including follicular, medullary, and poorly differentiated thyroid
carcinoma and the findings will be reported in the future.
Additionally, the study was based on a single institution in
China, limiting the generalizability to other populations. Also,
some results in this study might not have enough statistical
power due to the moderate sample size and relatively low
incidence of some adverse pregnancy outcomes.

Our study also had advantages. First, our study was based on
well-documented, fine-grained clinical records, and before data
analyses, all of the diagnosis and treatment information was
carefully checked by the senior clinicians. This strict quality
control for study data ensured the accuracy and reliability of our
study findings. Second, we have used the PS matching method to
obtain a matched comparison group and reduce the confounding
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bias in this observational cohort study, making our findings less
likely to be biased (17). Third, we have conducted several
subgroup analyses, findings of which could not only elucidate the
robustness and consistency across subgroups but also clarify the
potentially important modification effects such as the maternal
advanced age.

Our study had important implications for future research. First,
active surveillance has become gradually adopted worldwide to
manage low-risk DTC in properly selected patients, in addition
to immediate surgery (34-36). Our study is among the first
attempts to explore the association of under-surveillance DTC
with adverse pregnancy outcomes. We called for future studies to
prospectively observe pregnant women with under-surveillance
DTC to assess their risk of adverse pregnancy outcomes and
validate the findings from our study. Further, it is important to
carefully assess whether the DTC influences long-term outcomes
for mothers and their offspring. Moreover, as the PS matching
could not control the unmeasured confounders (17), it is
important to collect baseline lifestyle factors in the exposed and
controlled group before we can make a firm conclusion for the
present topic.

Our study also had important significance for clinical practice.
Our results suggested that women of reproductive age who have a
pregnancy plan might, in most cases, not need to be very anxious
about the elevated risk of adverse pregnancy outcomes. However,
more intensive prenatal care might be considered to provide for
patients with DTC who were receiving active surveillance (13)
and those with maternal advanced age.

Conclusion

The risk of adverse pregnancy outcomes in women previously
treated for DTC did not differ from that in the well-matched, non-
DTC women. However, our findings highlight the need to closely
monitor the risk of adverse pregnancy outcomes among DTC
patients under active surveillance in future studies.
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