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Abstract: This single-center retrospective cohort study aimed to identify ultrasound morphological predictors of
spontaneous regression of benign adnexal masses during pregnancy and compared maternal and perinatal out-
comes after expectant versus surgical management. We included 549 patients with singleton pregnancies and be-
nign adnexal masses detected by obstetric ultrasound between January 2016 and December 2025. Spontaneous
regression occurred in 367 patients (66.8%), while 182 (33.2%) had persistent masses. Multivariable logistic re-
gression identified higher cyst-diameter category (OR = 4.44), irregular or thickened cyst wall (OR = 3.12), higher
septation category (OR = 3.17), higher papillary-projection category (OR = 2.01), elevated CA125 (OR = 2.37), and
non-functional pathological type (OR = 2.44) as independent predictors of persistence; higher gravidity (OR = 0.47)
and nulliparous status (OR = 0.24) were inversely associated with persistence. These eight variables were incor-
porated into the Ultrasound Risk Scoring System for Adnexal Mass Persistence in Pregnancy (URS-AMP; reported
range, 0-28 points). Persistence rates were 3.1%, 26.7%, and 89.9% in the low-risk (0-9), intermediate-risk (10-15),
and high-risk (16-28) groups, respectively. The integer score yielded an AUC of 0.933 (95% CI 0.911-0.956), and
the bootstrap optimism-corrected AUC was 0.933. Among patients with persistent masses, 94 received expect-
ant management and 88 underwent surgery. After propensity-score matching (76 pairs), hypertensive disorders of
pregnancy occurred in 0.0% of the expectant group and 9.2% of the surgical group (P = 0.014); other maternal and
perinatal outcomes did not differ significantly. URS-AMP may support individualized assessment of persistence risk,
and expectant management may be reasonable in appropriately selected patients; external validation is required
before routine clinical use.
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Introduction

Adnexal masses are a common incidental find-
ing on obstetric ultrasound. Their reported
detection rate ranges from 0.19% to 8.8%, and
the most detected masses are benign, with a
malignancy rate of 1%-6% [1]. In a prospective
single-center cohort of 274 patients, Gaughran
et al. [2] reported a detection rate of approxi-

mately 1%, with simple cysts accounting for
75.9% of lesions and an overall spontaneous
regression rate of approximately 74%. A recent
review reported that approximately 68%-72% of
benign adnexal masses resolve during preg-
nancy or the postpartum period and that simple
cysts <5 cm regress in 71%-89% of cases [3].
Common benign diagnoses include simple cyst,
corpus luteum cyst, mature teratoma, endome-
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trioma, serous cystadenoma, and mucinous
cystadenoma. In a retrospective series of 63
persistent masses, 90% were benign and
mature teratoma was the most common diag-
nosis (32%); masses with benign sonographic
features were generally managed conservative-
ly until delivery [4]. Dur et al. [5] similarly report-
ed that only 3.5% of 194 patients required
emergency surgery. As prenatal ultrasound
detects more adnexal masses, clinicians need
reliable methods to estimate the likelihood of
spontaneous regression and avoid unneces-
sary intervention.

Ultrasound is the first-line imaging modality for
adnexal masses in pregnancy and provides
information on size, wall morphology, septa-
tion, papillary projections, internal echogenici-
ty, and vascularity. In a multicenter retrospec-
tive study, Lee et al. [6] reported AUROCs of
0.831 for the Sassone score and 0.883 for a
combined model that incorporated six ultra-
sound features to predict malignancy. The
International Ovarian Tumor Analysis (IOTA)
Simple Rules [7] and the Ovarian-Adnexal
Reporting and Data System (O-RADS) [8] are
also used to assess malignancy risk. The I0TA
Simple Rules have reported sensitivity and
specificity of 93% and 90%, respectively, for
distinguishing benign from malignant masses
[9]. However, these tools were developed pri-
marily to estimate malignancy risk, not to pre-
dict whether a benign mass will regress sponta-
neously during pregnancy. Evidence on predic-
tors of spontaneous regression remains limit-
ed, and no internally validated quantitative tool
is available for this specific clinical question.

Management options for persistent benign
adnexal masses include observation and sur-
gery. Expectant management avoids operative
and anesthetic risks but may be complicated by
torsion, rupture, or interval concern for malig-
nancy. Surgery provides a definitive pathologi-
cal diagnosis and may relieve symptoms or
mass effect, but it can also expose the patient
and fetus to perioperative risk. In a systematic
review of 11 comparative studies involving 803
patients, Cagino et al. [10] found no significant
difference between laparoscopy and laparoto-
my in miscarriage or preterm-delivery rates;
elective surgery was associated with a lower
risk of preterm delivery than emergency sur-
gery. In a meta-analysis of 67,111 pregnant
patients who underwent non-obstetric abdomi-
nopelvic surgery, fetal loss was more frequent
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after emergency than after elective procedures
[11]. Non-obstetric surgery during pregnancy
has also been associated with an approximate-
ly twofold increase in preterm birth [12].
Diagnosing torsion is challenging: in a multi-
center IOTA study of 315 torsion cases, the
whirlpool sign had a sensitivity of 90.8%,
whereas normal Doppler flow did not exclude
torsion because more than half of cases
retained detectable flow [13]. These consider-
ations make patient selection and surgical tim-
ing central to clinical decision-making, yet
direct comparisons of expectant and surgical
management remain limited.

Against this background, we conducted a sin-
gle-center retrospective cohort study of pa-
tients with singleton pregnancies and benign
adnexal masses detected by obstetric ultra-
sound. We examined clinical and sonographic
predictors of spontaneous regression, devel-
oped an internally validated quantitative score
for persistence, and compared maternal and
perinatal outcomes after expectant versus sur-
gical management. URS-AMP is intended to
complement, not replace, malignancy-focused
systems: it estimates persistence risk, whereas
IOTA Simple Rules and O-RADS assess malig-
nant potential. This distinction may help reduce
unnecessary surgery for masses likely to
resolve while directing persistent or morpho-
logically concerning lesions to closer surveil-
lance and formal malignancy assessment.

Materials and methods
Study design

This retrospective cohort study enrolled con-
secutive patients with singleton pregnancies
and adnexal masses detected by obstetric
ultrasound at Northwest Women’s and Chil-
dren’s Hospital, Shaanxi Provincial Nuclear
Industry 215 Hospital and Xi'an People’s
Hospital between January 2016 and December
2025. The study was approved by the Ethics
Committee of Xi'an People’s Hospital and was
conducted in accordance with the Declaration
of Helsinki [14]. Reporting followed the STROBE
statement [15], and prediction-model develop-
ment and reporting followed TRIPOD [16].

Sample size calculation
The minimum sample size was estimated using

the three-criterion framework for clinical pre-
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diction-model development proposed by Riley
etal. [17] and implemented in the pmsampsize
R package (version 1.1.0). We also applied a
two-independent-proportions formula to the
management-strategy comparison. For predic-
tion-model development, we prespecified P =
10 as the anticipated effective number of pre-
dictor parameters in the final model. Other
assumptions were an outcome proportion (¢) of
0.30, an expected adjusted Cox-Snell R? of
0.15, a target shrinkage factor (S) of 0.90, a
two-sided o of 0.05, and a permissible error (d)
of 0.05 for the intercept estimate. For the man-
agement comparison, the assumed preterm-
birth rates were p, = 0.07 for expectant man-
agement and p, = 0.02 for surgery, with a two-
sided o of 0.05 and 80% power. Criterion 1
(minimizing overfitting) yielded n, = p/[(S - 1) *
In(1 - R2CS, adj/S)] = 549, corresponding to
165 events and 16.5 events per prespecified
parameter. Criterion 2 (limiting optimism in
Nagelkerke R?) yielded n, = 420 in pmsamp-
size. Criterion 3 (precision of the intercept)
yielded n, = ZQM/2 x @ x (1-@)/d%=323.The
largest requirement was therefore 549. The
conventional EPV calculation (EPV = 15) yielded
500 participants. For the management com-
parison, the two-proportion formula yielded
266 participants per group (532 total). The final
cohort of 549 met the largest calculated
requirement.

Inclusion and exclusion criteria

Patients were eligible if (1) an adnexal mass
was first detected by ultrasound during preg-
nancy; (2) the ultrasound record contained
complete information on cyst size, wall charac-
teristics, septation, papillary projections, inter-
nal echogenicity, and blood-flow signals; (3) the
mass was considered benign on ultrasound or
was confirmed as benign on postoperative his-
topathology (simple cyst, corpus luteum cyst,
mature teratoma, endometrioma, serous cyst-
adenoma, or mucinous cystadenomay; (4) preg-
nancy management and delivery occurred at
our hospital and postpartum follow-up data
were available; and (5) the pregnancy was
singleton.

Patients were excluded if (1) ultrasound was
highly suspicious for a malignant or borderline
tumor, or postoperative pathology confirmed a
malignant or borderline tumor; (2) two or more
key ultrasound features were missing; (3) trans-

4623

fer or loss to follow-up resulted in incomplete
outcome data; (4) a severe pre-existing mater-
nal condition was present (e.g., pregestational
diabetes, chronic hypertension, or autoimmune
disease); (5) the pregnancy was multiple; or (6)
conception occurred through assisted repro-
ductive technology.

Data collection

We retrospectively extracted the following
variables from the electronic medical record:
(1) clinical characteristics - maternal age, gra-
vidity, pre-pregnancy body mass index (BMI),
gestational age at detection, and nulliparous
status; (2) laboratory data - cancer antigen 125
(CA125), categorized as elevated when >35 U/
mL; (3) ultrasound morphology - maximum cyst
diameter (<5, 5-9.9, or =210 cm), cyst wall
(smooth or thickened/irregular), septation
(none, thin and regular, or thick and irregular),
papillary projections (none, smooth-surfaced,
or irregular-surfaced), internal echogenicity
(anechoic, ground-glass, or mixed), color
Doppler flow score (1-4) and blood-flow abun-
dance (categorized as not abundant or abun-
dant); (4) cyst-related characteristics - bilateral-
ity, ascites, and pathological type; (5) manage-
ment - expectant management or surgery (lapa-
roscopy/laparotomy; emergency/elective); (6)
maternal outcomes - miscarriage, preterm birth
(<37 weeks), premature rupture of membranes
(PROM), hypertensive disorders of pregnancy
(HDP), and postpartum hemorrhage (PPH); and
(7) perinatal outcomes - low birth weight (LBW,;
<2500 g), small for gestational age (SGA), neo-
natal intensive care unit (NICU) admission,
5-minute Apgar score <7, and perinatal death.
For score construction, lesion types were oper-
ationally grouped according to their expected
physiologic origin and tendency to resolve dur-
ing pregnancy [1-3]. Simple cysts and corpus
luteum cysts were classified as functional,
whereas endometriomas, mature teratomas,
serous cystadenomas, and mucinous cystade-
nomas were classified as non-functional.

Measurement methods

All ultrasound examinations were performed
with a GE Voluson E10 color Doppler system
(GE Healthcare, Chicago, IL, USA) using a
C1-6-D transabdominal convex probe (1-6 MHz)
and an RIC5-9-D transvaginal probe (5-9 MHz).
Maximum cyst diameter was measured in the
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largest plane. A smooth wall was defined as
having uniform thickness and clearly defined
inner and outer margins; a thickened or irregu-
lar wall had focal or diffuse thickness >3 mm or
irregular margins. Septa <3 mm with a regular
course were classified as thin and regular,
whereas septa =3 mm or with an irregular
course were classified as thick and irregular.
Papillary projections were solid structures pro-
truding >3 mm from the cyst wall into the cavity
and were categorized by surface contour as
smooth or irregular. Terminology followed the
I0OTA consensus [18]. Color Doppler vascularity
was graded with the I0OTA semiquantitative
score [18]: 1, no flow; 2, minimal flow; 3, moder-
ate flow; and 4, abundant flow. Scores >3 were
categorized as abundant blood flow. Two senior
sonographers independently reviewed all imag-
es and reports, and disagreements were
resolved by consensus. CA125 was measured
by electrochemiluminescence immunoassay
on a Roche Cobas €601 analyzer (Roche
Diagnostics GmbH, Mannheim, Germany) using
the manufacturer’s reagents and procedures;
values >35 U/mL were categorized as elevated.
Pathological type was established by postop-
erative histopathology in surgical patients. In
patients managed without surgery or whose
masses regressed, the type was assigned from
characteristic sonographic patterns according
to IOTA terminology [18], supplemented by
clinical and laboratory information (e.g., a sim-
ple anechoic cyst, ground-glass echogenicity
for endometrioma, or a dermoid mesh pattern
for mature teratoma). Postpartum imaging
was used as additional corroboration when
available.

Outcome measures

The primary outcome was spontaneous cyst
regression, defined as complete disappear-
ance of the adnexal mass on ultrasound at the
last available follow-up examination. The ascer-
tainment time point depended on the clinical
course: (1) for patients managed expectantly
throughout pregnancy, the later of the final
antenatal ultrasound or the routine postpartum
examination (approximately 42 days after deliv-
ery); (2) for patients who underwent surgery,
the ultrasound immediately before surgery; and
(3) for patients who experienced miscarriage or
perinatal death, the last ultrasound before the
event. Except for patients with miscarriage or
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perinatal death, follow-up extended through
delivery and the postpartum period. A mass
that was no longer visible at the final examina-
tion was classified as regressed; a mass that
remained visible was classified as persistent.
The outcome was analyzed as a binary
variable.

Ultrasound follow-up in this retrospective
cohort was scheduled according to clinical indi-
cations rather than a standardized research
protocol, and examination intervals varied sub-
stantially. The exact time of regression was
therefore known only to fall between two con-
secutive examinations, with markedly different
interval widths among patients. Under these
conditions, a median time to regression would
be strongly influenced by follow-up frequency.
We therefore did not perform time-to-event
analysis or report a median time to regression.

Secondary outcomes comprised maternal out-
comes (miscarriage, preterm birth before 37
weeks, PROM, HDP, and PPH) and perinatal
outcomes (LBW <2500 g, SGA, NICU admis-
sion, 5-minute Apgar score <7, and perinatal
death).

Statistical analysis

Statistical analyses were performed in R ver-
sion 4.5.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) and SPSS version
27.0 (IBM Corp., Armonk, NY, USA). All tests
were two-sided, and P<0.05 was considered
statistically significant. Normally distributed
continuous variables were summarized as
mean * standard deviation and compared with
Student’s t-test or Welch’s t-test. Non-normally
distributed continuous variables were sum-
marized as median (interquartile range) and
compared with the Wilcoxon rank-sum test.
Categorical variables were summarized as
number (percentage) and compared with
Pearson’s x? test, the continuity-corrected x2
test, or Fisher's exact test, as appropriate.
Prediction-model development proceeded as
follows: (1) generalized variance inflation fac-
tors were used to evaluate multicollinearity,
with VIF >5 indicating potential concern; (2)
restricted cubic splines (RCS) were used to
evaluate possible nonlinear associations be-
tween continuous variables and persistence;
(3) univariable and multivariable logistic regres-
sion models estimated odds ratios (ORs) and
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95% confidence intervals (Cls), with cyst persis-
tence as the event; (4) least absolute shrinkage
and selection operator (LASSO) regression,
using 10-fold cross-validation to select A,
served as a supplementary variable-selection
analysis; and (5) an integer-based URS-AMP
score was derived from the multivariable
coefficients. Internal validation used 1,000
bootstrap resamples to estimate optimism and
the optimism-corrected AUC. Discrimination
was assessed with receiver operating charac-
teristic (ROC) curves; the Youden index defined
the optimal cutoff, and sensitivity, specificity,
positive predictive value, and negative predic-
tive value were calculated. Calibration was
examined with calibration curves, and clinical
utility was explored with decision-curve analy-
sis (DCA). Pairwise comparisons of correlated
AUCs were performed using paired Delong
tests. Comparisons involving the prespecified
reference risk stratification were considered
exploratory because all models and classifica-
tions were evaluated in the same development
cohort. For management comparisons, Fisher’s
exact test was used to estimate ORs and 95%
Cls for maternal and perinatal outcomes, with
surgery as the reference group. Propensity-
score matching (PSM) was performed as a sen-
sitivity analysis using age, pre-pregnancy BMI,
gestational age at detection, nulliparous sta-
tus, elevated CA125, cyst diameter, wall char-
acteristics, septation, papillary projections,
internal echogenicity, blood-flow score, and
blood-flow abundance. We used 1:1 nearest-
neighbor matching with a caliper of 0.2.
Standardized mean differences (SMDs) as-
sessed covariate balance, with SMD <0.15
considered acceptable. Surgical subgroup an-
alyses compared laparoscopy with laparotomy
and emergency with elective surgery.

Results
Study population and baseline characteristics

After applying the eligibility criteria, 549
patients with benign adnexal masses were
included (Figure 1). Spontaneous regression
occurred in 367 patients (66.8%), while 182
(33.2%) had persistent masses. Among pa-
tients with persistent masses, 94 were man-
aged expectantly and 88 underwent surgery
(70 laparoscopies and 18 laparotomies; 11
emergency and 77 elective procedures). The
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cohort had a mean age of 30.32 £ 4.80 years,
a mean pre-pregnancy BMI of 23.08 + 3.34 kg/
m?, and a mean gestational age at detection of
12.48 + 5.00 weeks (Table 1). Overall, 240
patients (43.7%) were nulliparous, and 247
(45.0%) had elevated CA125. Cyst diameter
was <5 cm in 332 patients (60.5%), the wall
was smooth in 421 (76.7%), and no septation
was present in 349 (63.6%). Simple cyst
(41.0%) and corpus luteum cyst (24.0%) were
the most frequent diagnoses.

Table 2 compares the regression and persis-
tence groups. Age (P = 0.047), pre-pregnancy
BMI (P = 0.048), and elevated CA125 (P =
0.001) differed significantly between groups,
whereas gravidity, gestational age at detection,
and nulliparous status did not (all P>0.05). All
major sonographic variables - cyst diameter,
wall characteristics, septation, papillary projec-
tions, internal echogenicity, color Doppler flow
score, and blood-flow abundance - differed sig-
nificantly (all P<0.001). Bilaterality also differed
(P = 0.003), whereas ascites did not (P =
0.079).

Within the persistence group, no statistically
significant baseline differences were detected
between the expectant and surgical groups in
age, pre-pregnancy BMI, gestational age at
detection, nulliparous status, elevated CA125,
or the major sonographic variables (all P>0.05;
Table 3). This absence of statistically signifi-
cant differences does not establish equiva-
lence and does not exclude confounding by
indication. In the surgical subgroup, the lapa-
rotomy group had higher proportions of thick/
irregular septation and mixed internal echo-
genicity than the laparoscopy group (both
P<0.05; Table S1); other measured variables
did not differ significantly.

Spontaneous cyst regression rate and ultra-
sound morphological features

RCS analyses found no significant nonlinear
associations of age, gravidity, or pre-pregnancy
BMI with regression. Gestational age at detec-
tion showed evidence of nonlinearity (P for non-
linearity = 0.034; Figure S1). Among sono-
graphic variables, pathological type (x2 =
190.928) and cyst diameter (x> = 151.769) had
the strongest unadjusted associations with
regression status, followed by septation, papil-
lary projections, wall characteristics, internal
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Assessed for eligibility
(n = 800)

Excluded (n = 251)
Malignant or borderline tumor (n = 35)

Missing 22 key ultrasound features (n = 28) ( Enrolled in final analysis )

Transferred or lost to follow-up (n = 42) _
Severe comorbidities, multiple pregnancy, (n=549)
or IVF conception (n = 88)

Other reasons (n = 58)

Spontaneous regression Persistence
(n =367, 66.8%) (n =182, 33.2%)
Expectant observation Surgical interventon )}
(n=94) (n=88) i
Laparoscopy Laparotomy Elective surgery Emergency surgery
(n=70) (n=18) (n=77) (n=11)

Figure 1. Study flow diagram.
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Table 1. Baseline characteristics of the entire cohort (n = 549)

Variable Category Entire cohort (n = 549)
Age (years) 30.32+4.80
Gravidity 1.74 £ 0.78
Pre-pregnancy BMI (kg/m?) 23.08 £ 3.34
GA at detection (weeks) 12.48 + 5.00
Nulliparous No 309 (56.3%)
Yes 240 (43.7%)
Elevated CA125 No 302 (55.0%)
Yes 247 (45.0%)
Cyst diameter <5cm 332 (60.5%)
5-9.9cm 161 (29.3%)
>10 cm 56 (10.2%)
Cyst wall characteristics Smooth 421 (76.7%)
Thickened/irregular 128 (23.3%)

Septation

Papillary projections

Internal echogenicity

Color Doppler Blood flow score

Rich blood flow

Bilaterality

Ascites

Pathological type

Reference URS-AMP risk category

None

Thin regular

Thick irregular
None

Smooth surface
Irregular surface
Anechoic
Ground-glass
Mixed echogenicity
1 point

2 points

3 points

4 points

No

Yes

Unilateral

Bilateral

None

Present

Simple cyst
Corpus luteum cyst
Mature teratoma
Endometrioma
Serous cystadenoma

Mucinous cystadenoma

Low risk
Intermediate risk
High risk

349 (63.6%)
119 (21.7%)
81 (14.8%)
421 (76.7%)
83 (15.1%)
45 (8.2%)
367 (66.8%)
118 (21.5%)
64 (11.7%)
220 (40.1%)
156 (28.4%)
119 (21.7%)
54 (9.8%)
376 (68.5%)
173 (31.5%)
476 (86.7%)
73 (13.3%)
544 (99.1%)
5 (0.9%)
225 (41.0%)
132 (24.0%)
71 (12.9%)
60 (10.9%)
36 (6.6%)
25 (4.6%)
302 (55.0%)
137 (25.0%)
110 (20.0%)

Note: Continuous variables are presented as mean * standard deviation; categorical variables are presented as number (per-
centage). BMI, body mass index; CA125, cancer antigen 125; URS-AMP, Ultrasound Risk Scoring System for Adnexal Mass
Persistence in Pregnancy.

echogenicity, color Doppler flow score, and
blood-flow abundance (all P<0.001; Figure S2).

Regression rates by pathological type are
shown in Table S2. Functional cysts had higher
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Table 2. Comparison of baseline characteristics between the regression and persistence groups

Persistence  Regression
Variable Category group group Statistic P value
(n=182) (n=367)
Age (years) 30.90 £ 5.07 30.03+4.64 =-2.000 0.047
Gravidity 1.65+0.68 1.78+0.83 t=-1.846 0.065
Pre-pregnancy BMI (kg/m?) 23.48 +3.50 22.88+3.24 t=1.985 0.048
GA at detection (weeks) 12.95+5.50 12.24+4.72 t=1559 0.121
Nulliparous No 98 (563.8%) 211 (57.5%) x>=0.519 0.472
Yes 84 (46.2%) 156 (42.5%)
Elevated CA125 No 82 (45.1%) 220(59.9%) x2=10.900 0.001
Yes 100 (54.9%) 147 (40.1%)
Cyst diameter <5cm 46 (25.3%) 286 (77.9%) x°?=151.769 <0.001
5-9.9cm 91 (50.0%) 70 (19.1%)
>10 cm 45 (24.7%) 11 (3.0%)
Cyst wall characteristics Smooth 91 (50.0%) 330 (89.9%) x?=106.212 <0.001
Thickened/irregular 91 (50.0%) 37 (10.1%)
Septation None 55 (30.2%) 294 (80.1%) x2=143.280 <0.001
Thin regular 64 (35.2%) 55 (15.0%)
Thick irregular 63 (34.6%) 18 (4.9%)
Papillary projections None 91 (50.0%) 330 (89.9%) x?=110.917 <0.001
Smooth surface 55 (30.2%) 28 (7.6%)
Irregular surface 36 (19.8%) 9 (2.5%)
Internal echogenicity Anechoic 73 (40.1%) 294 (80.1%) x*>=94.234 <0.001
Ground-glass 63 (34.6%) 55 (15.0%)
Mixed echogenicity 46 (25.3%) 18 (4.9%)
Color Doppler flow score 1 point 36 (19.8%) 184 (50.1%) x?=79.148 <0.001
2 points 46 (25.3%) 110 (30.0%)
3 points 64 (35.2%) 55 (15.0%)
4 points 36 (19.8%) 18 (4.9%)
Rich blood flow No 82 (45.1%) 294 (80.1%) x?>=67.656 <0.001
Yes 100 (54.9%) 73 (19.9%)
Bilaterality Unilateral 146 (80.2%) 330(89.9%) x>=8.946 0.003
Bilateral 36 (19.8%) 37 (10.1%)
Ascites None 178 (97.8%) 366 (99.7%) x?>=3.092 0.079
Present 4 (2.2%) 1 (0.3%)
Pathological type Simple cyst 34 (18.7%) 191 (52.0%) x?=190.928 <0.001
Corpus luteum cyst 13 (7.1%) 119 (32.4%)
Mature teratoma 50 (27.5%) 21 (5.7%)
Endometrioma 36 (19.8%) 24 (6.5%)
Serous cystadenoma 28 (15.4%) 8 (2.2%)
Mucinous cystadenoma 21 (11.5%) 4 (1.1%)
Reference URS-AMP risk category Low risk 27 (14.8%) 275 (74.9%) x2=213.249 <0.001
Intermediate risk 64 (35.2%) 73 (19.9%)
High risk 91 (50.0%) 19 (5.2%)

Note: Continuous variables are presented as mean * standard deviation and were compared with Student’s t-test or Welch’s
t-test. Categorical variables are presented as number (percentage) and were compared with Pearson’s x? test, the continuity-
corrected x2 test, or Fisher’s exact test, as appropriate. BMI, body mass index; CA125, cancer antigen 125; URS-AMP, Ultrasound
Risk Scoring System for Adnexal Mass Persistence in Pregnancy. All P values are two-sided.
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Table 3. Comparison of baseline characteristics between the expectant-management and surgical

groups
. Expectant Surgical group -
Variable Category management _ Statistic
group (n = 94) (n=88) value
Age (years) 30.53+4.69 31.28+5.44 t=-1.002 0.318
Gravidity 1.67 + 0.69 1.62+0.67 t=0.447 0.655
Pre-pregnancy BMI (kg/m?) 23.47 £3.31 23.49+3.71 t=-0.039 0.969
GA at detection (weeks) 13.13+5.65 12.75+5.35 t=0.462 0.644
Nulliparous No 51 (54.3%) 47 (53.4%) x?>=0.000 1.000
Yes 43 (45.7%) 41 (46.6%)
Elevated CA125 No 44 (46.8%) 38 (43.2%) x?>=0.117 0.732
Yes 50 (53.2%) 50 (56.8%)
Cyst diameter <5cm 23 (24.5%) 23(26.1%) x*=4.079 0.130
5-9.9cm 53 (56.4%) 38 (43.2%)
>10cm 18 (19.1%) 27 (30.7%)
Cyst wall characteristics Smooth 47 (50.0%) 44 (50.0%) x?=0.000 1.000
Thickened/irregular 47 (50.0%) 44 (50.0%)
Septation None 27 (28.7%) 28 (31.8%) x2=3.069 0.216
Thin regular 29 (30.9%) 35 (39.8%)
Thick irregular 38 (40.4%) 25 (28.4%)
Papillary projections None 50 (53.2%) 41 (46.6%) x*>=4.366 0.113
Smooth surface 31 (33.0%) 24 (27.3%)
Irregular surface 13 (13.8%) 23 (26.1%)
Internal echogenicity Anechoic 40 (42.6%) 33(37.5%) x?=1.655 0.437
Ground-glass 34 (36.2%) 29 (33.0%)
Mixed echogenicity 20 (21.3%) 26 (29.5%)
Color Doppler flow score 1 point 22 (23.4%) 14 (15.9%) x?>=3.932 0.269
2 points 21 (22.3%) 25 (28.4%)
3 points 36 (38.3%) 28 (31.8%)
4 points 15 (16.0%) 21 (23.9%)
Rich blood flow No 43 (45.7%) 39 (44.3%) x?>=0.002 0.965
Yes 51 (54.3%) 49 (55.7%)
Bilaterality Unilateral 75 (79.8%) 71 (80.7%) x?=0.000 1.000
Bilateral 19 (20.2%) 17 (19.3%)
Ascites None 92 (97.9%) 86 (97.7%) x?>=0.000 1.000
Present 2 (2.1%) 2 (2.3%)
Pathological type Simple cyst 18 (19.1%) 16 (18.2%) x?>=4.175 0.524
Corpus luteum cyst 9 (9.6%) 4 (4.5%)
Mature teratoma 21 (22.3%) 29 (33.0%)
Endometrioma 21 (22.3%) 15 (17.0%)
Serous cystadenoma 14 (14.9%) 14 (15.9%)
Mucinous cystadenoma 11 (11.7%) 10 (11.4%)
Reference URS-AMP risk category Low risk 14 (14.9%) 13 (14.8%) x?>=0.413 0.813
Intermediate risk 35 (37.2%) 29 (33.0%)
High risk 45 (47.9%) 46 (52.3%)

Note: Continuous variables are presented as mean * standard deviation and were compared with Student’s t-test or Welch’s
t-test. Categorical variables are presented as number (percentage) and were compared with Pearson’s X2 test, the continuity-
corrected x? test, or Fisher’s exact test, as appropriate. BMI, body mass index; CA125, cancer antigen 125; URS-AMP, Ultrasound
Risk Scoring System for Adnexal Mass Persistence in Pregnancy. All P values are two-sided.
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Table 4. URS-AMP scoring system: point-assignment rules

Predictor Category/value Points Direction

Cyst diameter <5/5-9.9/>10 cm +3 Increases persistence risk
Cyst wall characteristics Thickened/irregular vs. smooth +2 Increases persistence risk
Septation None/thin regular/thick irregular +2 Increases persistence risk
Papillary projections None/smooth surface/irregular surface +1 Increases persistence risk
Elevated CA125 Yes vs. no +2 Increases persistence risk
Pathological type Functional vs. non-functional +2 Increases persistence risk
Gravidity Continuous variable -2 Decreases persistence risk
Nulliparous Yes vs. no -3 Decreases persistence risk
URS-AMP risk stratification

Risk level Total score range n Persistence rate Regression rate
Low risk 0-9 223 3.1% (7/223) 96.9% (216/223)
Intermediate risk 10-15 187 26.7% (50/187) 73.3% (137/187)
High risk 16-28 139 89.9% (125/139) 10.1% (14/139)

Note: URS-AMP, Ultrasound Risk Scoring System for Adnexal Mass Persistence in Pregnancy; CA125, cancer antigen 125. Points
were derived from rounded multivariable regression coefficients. Higher scores indicate a greater risk of persistence. The re-
ported score range is 0-28 points. Patients were categorized as low risk (0-9 points), intermediate risk (10-15 points), or high

risk (16-28 points).

regression rates (corpus luteum cyst, 90.2%;
simple cyst, 84.9%) than non-functional le-
sions (endometrioma, 40.0%; mature teratoma,
29.6%; serous cystadenoma, 22.2%; mucinous
cystadenoma, 16.0%).

Predictor selection and logistic regression
analysis

Fourteen candidate variables were evaluated:
age, gravidity, pre-pregnancy BMI, gestational
age at detection, nulliparous status, elevated
CA125, cyst diameter, wall characteristics, sep-
tation, papillary projections, internal echo-
genicity, color Doppler flow score, blood-flow
abundance, and pathological type. Bilaterality
and ascites were not included in the multivari-
able model because of sparse or imbalanced
category distributions. All evaluated variables
had VIFs <5.0; the highest values were 4.898
for color Doppler flow score and 4.763 for
blood-flow abundance, suggesting no severe
multicollinearity.

Multivariable logistic regression identified eight
independent predictors of persistence: higher
cyst-diameter category (OR = 4.443, 95% Cl
2.741-7.202; P<0.001), higher septation cate-
gory (OR = 3.168, 95% Cl 2.062-4.866;
P<0.001), thickened/irregular wall (OR = 3.119,
95% Cl 1.493-6.515; P = 0.002), non-function-
al pathological type (OR =2.441, 95% CI 1.957-
3.045; P<0.001), elevated CA125 (OR = 2.365,
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95% Cl 1.287-4.346; P = 0.006), higher papil-
lary-projection category (OR = 2.009, 95% CI
1.211-3.334; P =0.007), gravidity (OR = 0.466,
95% Cl 0.228-0.954; P = 0.037), and nullipa-
rous status (OR = 0.240, 95% Cl 0.078-0.736;
P = 0.013). Age, pre-pregnancy BMI, gestation-
al age at detection, internal echogenicity, color
Doppler flow score, and blood-flow abundance
were not independently associated with persis-
tence (all P>0.05). LASSO results were broadly
consistent with the multivariable model (Eigure
S3), and univariable and multivariable esti-
mates are shown in Figure S4.

Construction and validation of the URS-AMP
scoring system

The URS-AMP score was derived from the
multivariable B coefficients and included cyst
diameter, wall characteristics, septation, papil-
lary projections, elevated CA125, pathological
type, gravidity, and nulliparous status. The
reported point allocations and risk strata are
shown in Table 4. Higher scores indicated a
greater probability of persistence; the reported
total range was 0-28 points, with low-risk (0-9),
intermediate-risk (10-15), and high-risk (16-28)
categories.

The full logistic regression model yielded an
AUC of 0.943 (95% Cl 0.924-0.962). The inte-
ger URS-AMP score yielded an AUC of 0.933
(95% Cl 0.911-0.956), a reduction of 0.010
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Outcome: persistent adnexal mass; N = 549 (persistence: 182; regression: 367)

1.00

Self-developedmodel AUC = 0.943 (95% CI: 0.924-0.962)

(Table S3). Calibration and
DCA results are shown in

0.754

itivity

0.50

Sens|

0.25

0.004=

Figure S7.

Impact of expectant man-
agement versus surgical
intervention on maternal and
perinatal outcomes

Among the 182 patients with
persistent masses, 94 re-
ceived expectant manage-
ment and 88 underwent sur-
gery (Table 5). In the unad-
justed comparison, maternal
and perinatal outcomes did
not differ significantly, except
for HDP. HDP occurred in O of
94 patients (0.0%) in the
expectant group and 7 of 88
(8.0%) in the surgical group (P
= 0.005). Miscarriage, pre-
term birth, PROM, PPH, LBW,

0.p0 025 0.50
1 - Specificity

Figure 2. ROC curves for predicting cyst persistence. ROC curves for the full
logistic regression model (AUC = 0.943), the URS-AMP integer score (AUC =

1.00 SGA, NICU admission, 5-min-
ute Apgar score <7, and peri-
natal death did not differ sig-
nificantly (all P>0.05).

0.933), and the prespecified reference risk stratification (AUC = 0.841). The

comparison with the reference stratification is descriptive and exploratory.
Note: ROC, receiver operating characteristic; AUC, area under the curve;

Sensitivity analysis and sub-
group analysis

URS-AMP, Ultrasound Risk Scoring System for Adnexal Mass Persistence in

Pregnancy.

(Figure 2). The Youden-optimal cutoff was 12.5
points, with 86.8% sensitivity and 84.7% speci-
ficity (Table S3). Persistence rates increased
across the low-, intermediate-, and high-risk
groups (3.1%, 26.7%, and 89.9%, respectively;
Figure 3). Individual sonographic features had
AUCs of 0.675-0.787, all lower than the com-
posite score (Figure S5). The prespecified refer-
ence risk stratification had an AUC of 0.841
(95% CI, 0.807-0.875). Paired DelLong tests
showed that the URS-AMP integer score had a
significantly higher AUC than the prespecified
reference risk stratification (AUC difference,
0.092; Z = 4.990; P<0.001; Figure S6). The full
logistic model also had a slightly higher AUC
than the integer score (AUC difference, 0.010; Z
= 2.270; P = 0.023) and a higher AUC than the
reference risk stratification (AUC difference,
0.102; Z = 5.907; P<0.001; Figure 2). These
within-cohort comparisons were considered
exploratory. Bootstrap validation with 1,000
valid resamples yielded a mean optimism of
0.010 and an optimism-corrected AUC of 0.933
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PSM was used to reduce

measured baseline differenc-
es between the expectant and surgical groups.
The propensity model included age, pre-preg-
nancy BMI, gestational age at detection, nullip-
arous status, elevated CA125, cyst diameter,
wall characteristics, septation, papillary projec-
tions, internal echogenicity, color Doppler flow
score, and blood-flow abundance. After 1:1
nearest-neighbor matching with a 0.2 caliper,
76 pairs remained, and all post-matching SMDs
were <0.15 (Figure S8). The matched analysis
was consistent with the unadjusted compari-
son: HDP occurred in O of 76 patients (0.0%) in
the expectant group and 7 of 76 (9.2%) in the
surgical group (P = 0.014), whereas the other
maternal and perinatal outcomes did not differ
significantly (Table S4 and Figure 4). Because
PSM cannot account for unmeasured con-
founding, these findings should not be inter-
preted causally.

Maternal and perinatal outcomes did not differ
significantly between laparoscopy (n = 70) and
laparotomy (n = 18) (all P>0.05; Table S5), or

Am J Cancer Res 2026;16(10):4621-4636
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Persistent adnexal mass across self-developed score strata

Regression . Persistence

3.1%
(7/223)

200 26.7%
(50/187)

150

Number of patients
)
o
1

50

o L

definitions. Higher cyst-diam-
eter, septation, and papillary-
projection categories; thick-
ened or irregular walls; ele-
vated CA125; and non-func-
tional pathological type were
associated with persistence,
whereas gravidity and nullipa-
rous status were inversely

sabx associated. The integer score

(125/139) retained most of the full

model’s discrimination (AUC,
0.933 vs. 0.943). Most ma-
ternal and perinatal out-
comes did not differ signifi-
cantly by management strate-
gy, although residual con-
founding limits interpretation.

Cyst-diameter category had
the strongest adjusted asso-
ciation with persistence (OR =
4.443), consistent with previ-

T T
Low risk Intermediate risk
(score 0-9) (score 10-15)

Figure 3. Persistence rates across URS-AMP risk tiers. Persistence rates
were 3.1% in the low-risk group (0-9 points), 26.7% in the intermediate-risk
group (10-15 points), and 89.9% in the high-risk group (16-28 points). Note:
URS-AMP, Ultrasound Risk Scoring System for Adnexal Mass Persistence in

Pregnancy.

between emergency (n = 11) and elective sur-
gery (n =77) (all P>0.05; Table S6). These com-
parisons were underpowered because the lap-
arotomy and emergency-surgery subgroups
were small and outcome events were uncom-
mon. Figure S9 shows the distribution of the
new URS-AMP score across the reference risk
tiers; Figure S10 summarizes baseline imbal-
ance between the regression and persistence
groups.

Discussion

In this single-center cohort of 549 patients with
benign adnexal masses during pregnancy,
66.8% of masses regressed spontaneously.
We identified eight independent predictors of
persistence, developed and internally validated
the URS-AMP score, and compared expectant
with surgical management using both unadjust-
ed analyses and PSM. The observed regression
rate was broadly consistent with previous
reports [1, 2, 5], despite differences in case
selection, follow-up schedules, and outcome
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Hign risk ous evidence that larger ma-
sses are less likely to resolve
[4, 2]. Larger size may reflect
a non-functional lesion or
more established cyst archi-
tecture, although the underly-
ing biological mechanism can-
not be determined from this
study. Higher septation (OR = 3.168), higher
papillary-projection category (OR = 2.009), and
thickened or irregular walls (OR = 3.119) indi-
cate greater structural complexity and may be
more common in lesions such as cystadeno-
mas or mature teratomas. These features are
also important in malignancy assessment [19],
but their role here was to predict persistence
among masses classified as benign. Elevated
CA125 was independently associated with per-
sistence (OR = 2.365), but interpretation
requires caution because CA125 may rise
physiologically during pregnancy, especially in
the first trimester [3]. Using the conventional
>35 U/mL cutoff may reduce specificity and
misclassify physiological elevations. Future
studies should assess gestational-age-specific
thresholds and evaluate whether CA125 adds
incremental predictive value beyond ultrasound
morphology.

(score 16-28)

Papillary projections require careful interpreta-
tion during pregnancy. In a series of 34 surgi-
cally removed ovarian masses, Mascilini et al.
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Table 5. Maternal and perinatal outcomes in the expectant-management and surgical groups

Outcome Expectant-management group (n = 94)  Surgical group (n = 88) P value
Maternal outcomes
Miscarriage 1(1.1%) 3 (3.4%) 0.355
Preterm birth (<37 weeks) 4 (4.3%) 5 (5.7%) 0.741
PROM 5 (5.3%) 3 (3.4%) 0.722
HDP 0 (0.0%) 7 (8.0%) 0.005
PPH 5 (5.3%) 3 (3.4%) 0.722
Perinatal outcomes
LBW (<2500 g) 7 (7.4%) 9 (10.2%) 0.604
SGA 6 (6.4%) 8 (9.1%) 0.583
NICU admission 2 (2.1%) 8(9.1%) 0.052
5-min Apgar <7 2 (2.1%) 2 (2.3%) 1.000
Perinatal death 1(1.1%) 0 (0.0%) 1.000

Note: Categorical variables are presented as number (percentage) and were compared with the x? test, continuity-corrected x?
test, or Fisher’s exact test, as appropriate. NICU, neonatal intensive care unit. All P values are two-sided; P<0.05 is shown in bold.

Maternal and perinatal after

Expectant

Outcome :
observation

Outcome category

Maternal outcomes Miscarriage 176
Maternal outcomes Preterm birth (<37 weeks) 4176
Maternal outcomes Premature rupture of membranes 5176
Maternal outcomes Hypertensive disorders of pregnancy 076
Maternal outcomes Postpartum hemorrhage 576
Perinatal outcomes Low birth weight (<2500 g) 5/76
Perinatal outcomes Small for gestational age 5176
Perinatal outcomes NICU admission 2/76
Perinatal outcomes 5-min Apgar score <7 1176
Perinatal outcomes Perinatal death 176

Surgery

3176

4176

2176

7176

7176

8/76

2176

OR (95% Cl) P value
>—0—< 0.324 (0.033-3.191) 0.620
)—Q—! 1.000 (0.241-4.153) 1.000
|——.—| 2.606 (0.490-13.867) 0.442
4’—* 0.061 (0.003-1.080) 0.014
P—‘—Q—l 2.606 (0.490-13.867) 0.442
P—Q-T—i 0.694 (0.210-2.292) 0.765
)—Q—( 0.694 (0.210-2.292) 0.765
r—.—« 0.230 (0.047-1.120) 0.098
D—Q—v—< 0.493 (0.044-5.558) 1.000
l—%—.—! 3.040 (0.122-75.807) 1.000

0.01 0.10 1000 10000

1.00
OR, log scale

Figure 4. Maternal and perinatal outcomes after propensity-score matching. Odds ratios (ORs) and 95% confidence
intervals (Cls) compare the expectant-management group with the surgical group after PSM (76 matched pairs).
OR<1 favors expectant management, OR>1 favors surgery, and a 95% Cl that crosses 1 indicates no statistically sig-
nificant difference. Note: PSM, propensity-score matching; OR, odds ratio; Cl, confidence interval; PROM, premature
rupture of membranes; HDP, hypertensive disorders of pregnancy; PPH, postpartum hemorrhage; LBW, low birth
weight; SGA, small for gestational age; NICU, neonatal intensive care unit.

[20] found that smooth papillary projections
with ground-glass echogenicity were character-
istic of decidualized endometriomas, whereas
irregular projections with anechoic or low-level
echogenicity were more concerning for border-
line tumors. Decidualized endometriomas can
also show marked vascularity and mimic malig-
nancy [21]. Prospective observations indicate
that many endometriomas and other endome-
triotic lesions regress during late pregnancy or
postpartum [22, 23]. Thus, a smooth projection
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in a lesion with otherwise typical endometrio-
ma features may justify short-interval expert
ultrasound follow-up rather than immediate
surgery, provided that formal malignancy as-
sessment remains reassuring. Progressive or
suspicious imaging findings should prompt
timely referral to gynecologic oncology [24].

Gravidity and nulliparous status were inversely
associated with persistence. The biological
explanation is uncertain, and these findings
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may reflect residual confounding or cohort-spe-
cific reproductive characteristics. They should
be validated before being used to guide care.

URS-AMP uses routinely available clinical and
ultrasound variables and therefore has poten-
tial practical value. Converting the full model to
aninteger score reduced the AUC by only 0.010.
However, URS-AMP predicts persistence, not
malignancy; its AUC should not be compared
directly with malignancy models developed for
different outcomes and populations [6, 25, 26].
Persistence rates differed substantially across
the three reported risk groups. A low score may
support expectant management, whereas a
high score may justify closer surveillance and
individualized consideration of elective surgery.
Because irregular walls, thick septa, and papil-
lary projections also overlap with established
markers of ovarian malignancy, a high URS-
AMP score should trigger a separate malignan-
cy assessment with validated tools such as
IOTA Simple Rules or O-RADS. The URS-AMP
integer score had a significantly higher appar-
ent AUC than the prespecified reference risk
stratification according to the paired Delong
test. Nevertheless, this comparison remained
exploratory because both classifications were
evaluated in the same development dataset.

After PSM, most measured maternal and peri-
natal outcomes did not differ significantly
between expectant and surgical management.
This finding suggests that observation may be
reasonable for carefully selected patients, par-
ticularly when sonographic features are reas-
suring, but it does not establish equivalence or
safety in all patients. Previous studies support
individualized management but mainly com-
pare operative approaches or evaluate non-
obstetric surgery more broadly [4, 5]. HDP
occurred less often in the expectant group in
both the unadjusted and matched analyses.
Because only seven HDP events occurred and
treatment selection may have depended on
unmeasured symptoms, cyst growth, patient
preference, or perceived torsion risk, this asso-
ciation should not be interpreted as a causal
effect of surgery. Naing et al. [27] reported
emergency surgery for torsion in 17.9% of con-
servatively managed masses =5 cm, illustrat-
ing the need to balance the risks of observation
against operative and anesthetic risks. Larger
prospective studies with detailed longitudinal
and treatment-selection data are required.
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The surgical subgroup analyses should also be
interpreted with caution. Only 18 patients
underwent laparotomy and 11 underwent
emergency surgery, so the comparisons had
limited statistical power. Patients selected for
laparotomy had more complex sonographic fea-
tures, consistent with confounding by indica-
tion. Zhang et al. [28] similarly found no major
differences in pregnancy outcomes between
laparoscopy and laparotomy for adnexal tor-
sion, although laparoscopy was associated
with less blood loss, a shorter hospital stays,
and fewer wound-healing complications. When
torsion or rupture risk is substantial, planned
surgery may be preferable to waiting for an
emergency; however, the present data cannot
define the optimal threshold or timing.

This study has several limitations. First, the ret-
rospective design is susceptible to selection
and information bias. Management was not
randomized. Although PSM balanced 12 mea-
sured covariates, unmeasured factors - includ-
ing symptom severity, cyst growth, patient pref-
erence, and the surgeon’s assessment of tor-
sion risk - may have influenced treatment selec-
tion. The HDP finding should therefore be inter-
preted as an association rather than a causal
effect. Second, ultrasound follow-up followed
clinical practice rather than a fixed research
schedule. Regression times were interval-cen-
sored with variable interval widths, so the study
could not estimate a reliable median time to
regression. The binary endpoint is less sensi-
tive to examination timing but does not describe
the trajectory of regression. Third, URS-AMP
was validated only internally using bootstrap
resampling. The small estimated optimism
does not establish transportability, and exter-
nal validation in independent centers is
required before clinical implementation. Fourth,
ultrasound interpretation depends on equip-
ment quality and operator experience. Two
senior sonographers reviewed the examina-
tions, but formal interobserver and intra-
observer agreement were not assessed. Fifth,
pathological type was histologically confirmed
only in the 88 surgical patients and was
assigned from imaging patterns in the other
461 patients. This approach is clinically
unavoidable for regressed lesions but introduc-
es diagnostic uncertainty and possible incorpo-
ration bias. A low VIF does not eliminate this
concern. Sixth, several maternal and perinatal
outcomes were rare, resulting in imprecise esti-
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mates and limited power, particularly in the
laparotomy and emergency-surgery subgroups.
Seventh, the dataset did not capture longitudi-
nal changes in cyst size or morphology. Dynamic
features may improve prediction and should
be evaluated prospectively. Eighth, although
paired DelLong testing showed a higher appar-
ent AUC for the new score than for the refer-
ence risk stratification, both were evaluated in
the same development dataset, and the refer-
ence categorization may not be independent of
the model-development process. Therefore,
this comparison should be interpreted as
exploratory and requires external validation.

In conclusion, clinical and ultrasound morpho-
logical features were associated with persis-
tence of benign adnexal masses during preg-
nancy. The URS-AMP score, which combines
cyst diameter, wall morphology, septation, pap-
illary projections, CA125, pathological type,
gravidity, and nulliparous status, showed good
apparent discrimination (AUC = 0.933) after
internal bootstrap validation. In this cohort,
persistence occurred in 3.1%, 26.7%, and
89.9% of the low-, intermediate-, and high-risk
groups, respectively. Pending external valida-
tion, low-risk patients may be considered for
routine expectant follow-up; intermediate-risk
patients, for shorter-interval ultrasound surveil-
lance; and high-risk patients, for individualized
multidisciplinary assessment that considers
gestational age, symptoms, cyst size, torsion
risk, malignancy assessment, and patient pref-
erence. URS-AMP should complement rather
than replace malignancy-focused systems such
as IOTA Simple Rules or O-RADS.
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Table S1. Baseline characteristics of the laparoscopy and laparotomy groups

Variable Category gtsssr((; Szo%) g}jup;;gtg% Statistic P value
Age (years) 31.46 +5.28 30.61+6.15 t=0.586 0.559
Pre-pregnancy BMI (kg/m?) 23.51 + 3.76 23.39 + 3.63 t=0.127 0.899
GA at detection (weeks) 12.53 £+ 5.50 13.61 +4.79 =-0.764 0.447
Nulliparous No 37 (52.9%) 10 (55.6%) - 1.000
Yes 33 (47.1%) 8 (44.4%)
Cyst diameter <5cm 19 (27.1%) 4 (22.2%) x> =2.038 0.361
5-9.9cm 32 (45.7%) 6 (33.3%)
>10cm 19 (27.1%) 8 (44.4%)
Septation None 26 (37.1%) 2 (11.1%) x?=9.155 0.010
Thin regular 29 (41.4%) 6 (33.3%)
Thick irregular 15 (21.4%) 10 (55.6%)
Internal echogenicity Anechoic 30 (42.9%) 3(16.7%) x> =7.985 0.018
Ground-glass 24 (34.3%) 5 (27.8%)
Mixed echogenicity 16 (22.9%) 10 (55.6%)
Ascites None 70 (100.0%) 16 (88.9%) - 0.053
Present 0 (0.0%) 2 (11.1%)

Note: Continuous variables are presented as mean + standard deviation and were compared with Student’s t-test or Welch’s
t-test. Categorical variables are presented as number (percentage) and were compared with Pearson’s x? test, the continuity-cor-
rected x?2 test, or Fisher’s exact test, as appropriate. An em dash indicates that Fisher’s exact test was used and no test statistic
is reported. BMI, body mass index. All P values are two-sided. Only selected baseline variables are shown.
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Restricted cubic spline analysis of continuous variables and persistent adnexal mass
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Figure S1. Restricted cubic spline analyses of continuous variables and spontaneous regression. Restricted cubic
spline analysis of the relationships between age (A), gravidity (B), pre-pregnancy BMI (C), and gestational age at
detection (D) and the probability of spontaneous cyst regression. Shaded areas represent 95% confidence intervals.
Age, gravidity, and BMI did not show significant nonlinear trends; the nonlinear test for gestational age at detection
yielded P = 0.034, suggesting a significant nonlinear association. Note: RCS, restricted cubic spline; BMI, body mass

index.
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Ranking of ultrasound features associated with persistent
Univariable chi-square tests; reference URS-AMP tier was not included

Cystlameter] _ e
Septaten _ e
Peplary profecton _ o
Gretalimorpholooy | _ 1eae
el echogenisy _ opest
Color Doppler flow score _ 79.148
T T T T T
0 50 100 150 200
¥ statistic

Figure S2. Ranking of associations between ultrasound features and regression status. Ultrasound features are
ranked by the x? statistic for their association with regression status. All eight variables had P<0.001. Abbrevia-
tions/labels: pathological type; cyst diameter; septation; papillary projections; cyst wall characteristics; internal
echogenicity; color Doppler flow score; and blood-flow abundance.

Table S2. Spontaneous regression rates by pathological type

Pathological type Total, n Persistence, n Regression, n Regression rate, %
Corpus luteum cyst 132 13 119 90.2%
Simple cyst 225 34 191 84.9%
Endometrioma 60 36 24 40.0%
Mature teratoma 71 50 21 29.6%
Serous cystadenoma 36 28 8 22.2%

N

Mucinous cystadenoma 5 21 4 16.0%

Note: Values are numbers of patients unless otherwise indicated. Regression rate was calculated as the number of spontane-
ously regressed cases divided by the total number of cases within each pathological type. Functional cysts comprised corpus lu-
teum and simple cysts; non-functional lesions comprised endometrioma, mature teratoma, serous cystadenoma, and mucinous
cystadenoma. Rows are ordered by decreasing regression rate.
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LASSO-based variable selection for persistent adnexal mass

A LASSO coefficient profiles B Ten-fold cross-validation
1.3

— Age
Ascites

— Bilaterality
Color Doppler flow score
Cyst diameter

— Cyst wall morphology

— Elevated CA125

— Gestational age at diagnosis
Gravidity

— Internal echogenicity
Papillary projection

— Pathological type

— Pre-pregnancy BMI
Primipara

— Rich blood flow

— Septation

0.9+

Binomial deviance

0.7+

' ' 5 g 5 g 5 3
Log(lambda) Log(lambda)

Figure S3. LASSO variable selection. A. LASSO coefficient paths showing the trajectories of each variable’s coef-

ficient as the penalty parameter A varies. B. LASSO cross-validation curve; the left dashed line indicates A.min and
the right dashed line indicates A.1se. Note: LASSO, least absolute shrinkage and selection operator.

Predictors of persistent adnexal mass in univari: and ivari logistic

Univariable analysis used VIF-retained variables; multivariable model used LASSO-selected variables. Reference URS-AMP risk tier was excluded from model development

Variable Coding / comparison Univariable OR (95% Cl) P Multivariable OR (95% CI) P
Age Per 1-unit increase » 1.039 (1.000-1.078) 0.047 1.035 (0.967-1.108) 0.315
Gravidity Per 1-unit increase = 0.800 (0.632-1.014) 0.065 0.466 (0.228-0.954) 0.037
Pre-pregnancy BMI Per 1-unit increase = 1.056 (1.000-1.114) 0.049 1.077 (0.978-1.185) 0.130
Gestational age at diagnosis ~ Per 1-unit increase » 1.028 (0.993-1.066) 0.121 0.974 (0.918-1.033) 0.374
Primipara Per 1-unit increase —a—_a 1.159 (0.811-1.657) 0.418 0.240 (0.078-0.736) 0.013
Elevated CA125 Per 1-unit increase o= 7 1.825 (1.275-2.613) 0.001 2.365 (1.287-4.346) 0.006
Cyst diameter Per 1-unit increase AW 6.146 (4.394-8.596) <0.001 4.443 (2.741-7.202) <0.001
Cyst wall morphology Per 1-unit increase T A& _—e 8.919 (5.704-13.947) <0.001 3.119 (1.493-6.515) 0.002
Septation Per 1-unit increase A 4.717 (3.533-6.298) <0.001 3.168 (2.062-4.866) <0.001
Papillary projection Per 1-unit increase AT e 4.869 (3.423-6.926) <0.001 2.009 (1.211-3.334) 0.007
Internal echogenicity Per 1-unit increase AT e 3.549 (2.675-4.707) <0.001 1.221 (0.767-1.944) 0.399
Color Doppler flow score Per 1-unit increase A 2.292 (1.884-2.787) <0.001 1.332 (0.711-2.496) 0.371
Rich blood flow Per 1-unit increase AT m 4.911 (3.330-7.243) <0.001 1.267 (0.342-4.697) 0.724
Bilaterality Per 1-unit increase —e—i 2.199 (1.336-3.620) 0.002
Ascites Per 1-unit increase —_—————— 8.225 (0.913-74.125) 0.060
Pathological type Per 1-unit increase £ 2.302 (1.972-2.688) <0.001 2.441 (1.957-3.045) <0.001
01 10 100 1000

Odds ratio fo‘r persistence, log scale

- Univariable 4 Multivariable

Figure S4. Univariable and multivariable logistic regression for cyst persistence. The left panel shows univariable
estimates and the right panel shows multivariable estimates. Points represent ORs, horizontal lines represent 95%
Cls, and the dashed vertical line indicates OR = 1. Note: OR, odds ratio; Cl, confidence interval; BMI, body mass
index; CA125, cancer antigen 125; GA, gestational age.
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Table S3. Bootstrap internal validation of the URS-AMP scoring system (1,000 Resamples)

Metric Value
Apparent AUC 0.943
Mean optimism 0.010
Optimism-corrected AUC 0.933
Valid bootstrap samples 1000/1000
URS-AMP integer score AUC (95% Cl) 0.933 (0.911-0.956)
Optimal cutoff (Youden index) 12.5 points
Sensitivity 86.8%
Specificity 84.7%
PPV 73.8%
NPV 92.8%
Accuracy 85.4%

Note: AUC, area under the curve; Cl, confidence interval; URS-AMP, Ultrasound Risk Scoring System for Adnexal Mass Persistence
in Pregnancy. Bootstrap validation used 1,000 samples of the same size as the original cohort. The optimal cutoff was selected
with the Youden index.
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Figure S5. ROC curves for individual ultrasound features. ROC curves for pathological type (AUC = 0.787), cyst
diameter (AUC = 0.779), septation (AUC = 0.767), blood flow score (AUC = 0.715), internal echogenicity (AUC =
0.710), papillary projections (AUC = 0.703), cyst wall characteristics (AUC = 0.700), and blood flow abundance (AUC
= 0.675). Note: AUC, area under the curve.
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Comparison of receiver operating characteristic curves

Reference URS-AMP risk tier was used only as a comparator
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Figure S6. Exploratory ROC comparison of URS-AMP and the reference risk stratification. Descriptive ROC curves for
the URS-AMP integer score (AUC = 0.933) and the reference risk stratification (AUC = 0.841). The URS-AMP integer
score had a higher AUC than the reference risk stratification in a paired DelLong test (AUC difference, 0.092; Z =
4.990; P<0.001). This within-cohort comparison was exploratory. Note: URS-AMP, Ultrasound Risk Scoring System
for Adnexal Mass Persistence in Pregnancy; ROC, receiver operating characteristic; AUC, area under the curve.

Calibration and clinical utility of the self-developed prediction model
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Figure S7. Calibration and decision-curve analysis. A. Calibration curve of the URS-AMP scoring system. The x-axis
represents predicted probability, and the y-axis represents observed probability. The diagonal dashed line repre-
sents perfect calibration; the solid line is the apparent calibration curve. The plotted curve summarizes apparent
calibration in the development cohort; optimism correction was applied to the AUC through 1,000 bootstrap resa-
mples. B. Decision curve analysis (DCA). The x-axis represents threshold probability, and the y-axis represents net
benefit. The red solid line represents the URS-AMP score, the gray solid line represents the “treat all” strategy, and
the black solid line represents the “treat none” strategy. Note: DCA, decision-curve analysis.
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Covariate balance before and after propensity score matching
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Figure S8. Covariate balance before and after propensity-score matching. Standardized mean differences (SMDs)
for each covariate before and after matching. All post-matching SMDs were <0.15. Note: PSM, propensity-score
matching; SMD, standardized mean difference; BMI, body mass index; GA, gestational age; CA125, cancer antigen
125.

Table S4. Maternal and perinatal outcomes after propensity-score matching

Outcome Expectant-management group (n = 76) Surgical group (n = 76) P value
Maternal outcomes
Miscarriage 1 (1.3%) 3(3.9%) 0.620
Preterm birth (<37 weeks) 4 (5.3%) 4 (5.3%) 1.000
PROM 5 (6.6%) 2 (2.6%) 0.442
HDP 0 (0.0%) 7 (9.2%) 0.014
PPH 5 (6.6%) 2 (2.6%) 0.442
Perinatal outcomes
LBW (<2500 g) 5 (6.6%) 7 (9.2%) 0.765
SGA 5 (6.6%) 7 (9.2%) 0.765
NICU admission 2 (2.6%) 8 (10.5%) 0.098
5-min Apgar <7 1 (1.3%) 2 (2.6%) 1.000
Perinatal death 1(1.3%) 0 (0.0%) 1.000

Note: Categorical variables are presented as number (percentage) and were compared with the x? test, continuity-corrected
X2 test, or Fisher's exact test, as appropriate. PSM, propensity-score matching; BMI, body mass index; CA125, cancer antigen
125; NICU, neonatal intensive care unit. PSM used 1:1 nearest-neighbor matching with a caliper of 0.2. Covariates were age,
pre-pregnancy BMI, gestational age at detection, nulliparous status, elevated CA125, cyst diameter, wall characteristics, septa-
tion, papillary projections, internal echogenicity, color Doppler flow score, and blood-flow abundance. The surgical group was the
reference. All P values are two-sided; P<0.05 is shown in bold.
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Table S5. Maternal and perinatal outcomes after laparoscopy and laparotomy

Outcome Laparoscopy group (n = 70)  Laparotomy group (n = 18) P value
Maternal outcomes
Miscarriage 3 (4.3%) 0 (0.0%) 1.000
Preterm birth (<37 weeks) 3(4.3%) 2 (11.1%) 0.270
PROM 2 (2.9%) 1 (5.6%) 0.501
HDP 4 (5.7%) 3(16.7%) 0.148
PPH 3(4.3%) 0 (0.0%) 1.000
Perinatal outcomes
LBW (<2500 g) 7 (10.0%) 2 (11.1%) 1.000
SGA 6 (8.6%) 2 (11.1%) 0.664
NICU admission 7 (10.0%) 1(5.6%) 1.000
5-min Apgar <7 2 (2.9%) 0 (0.0%) 1.000
Perinatal death 0 (0.0%) 0 (0.0%) 1.000

Note: Categorical variables are presented as number (percentage) and were compared with the x? test, continuity-corrected x?
test, or Fisher’s exact test, as appropriate. NICU, neonatal intensive care unit. The laparotomy group was the reference. Because
the laparotomy subgroup was small (n = 18), estimates should be interpreted cautiously. All P values are two-sided.

Table S6. Maternal and perinatal outcomes after emergency and elective surgery

Outcome Emergency-surgery group (n = 11) Elective-surgery group (n = 77) P value
Maternal outcomes
Miscarriage 1(9.1%) 2 (2.6%) 0.333
Preterm birth (<37 weeks) 0 (0.0%) 5 (6.5%) 1.000
PROM 0 (0.0%) 3 (3.9%) 1.000
HDP 0 (0.0%) 7 (9.1%) 0.589
PPH 1 (9.1%) 2 (2.6%) 0.333
Perinatal outcomes
LBW (<2500 g) 2 (18.2%) 7 (9.1%) 0.313
SGA 2 (18.2%) 6 (7.8%) 0.261
NICU admission 1(9.1%) 7 (9.1%) 1.000
5-min Apgar <7 1 (9.1%) 1 (1.3%) 0.236
Perinatal death 0 (0.0%) 0 (0.0%) 1.000

Note: Categorical variables are presented as number (percentage) and were compared with the x? test, continuity-corrected x?
test, or Fisher’s exact test, as appropriate. NICU, neonatal intensive care unit. The elective-surgery group was the reference.
Because the emergency-surgery subgroup was small (n = 11), estimates should be interpreted cautiously. All P values are two-
sided.
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Distribution of self-developed score across reference URS-AMP risk strata
N, median, IQR, mean, and SD shown per stratum

High risk
N =110 Median =17.0 IQR = 14.0-22.0
Mean = 17.7 SD = 5.6

Intermediate risk
=137 Median = 13.0 IQR = 10.0-17.0
Mean =139 SD =53

Reference URS-AMP risk tier

Low risk
N =302 Median =8.0 IQR =6.0-11.0
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Figure S9. Distribution of the new URS-AMP score across reference risk tiers. Ridgeline plot of the distribution of the
new URS-AMP integer score across the reference low-, intermediate-, and high-risk tiers. Note: URS-AMP, Ultrasound
Risk Scoring System for Adnexal Mass Persistence in Pregnancy.

B b b reg ion and persi: groups
'
Cyst diameter - : °

'
:
'

Septation | °
:

Cyst wall 4 : °
'
i
Papillary projection - - °
j
'
Internal 4 : °
i
Color Doppler flow score -| : °
i
'
Rich blood flow - : °
i
Elevated CA125 | : °
'
'
]
v °
j
i
Age| ——e
:
Pre-p BMI- : °

]
'

Gravidity —
'
i

Gestational age at diagnosis - —_—e

i
'

Primipara - —e
'

T - T T T T T
0.00 025 050 075 1.00 1.25

Standardized mean difference
Figure S10. Baseline imbalance between the regression and persistence groups. Standardized mean differences

(SMDs) for baseline variables in the regression (n = 367) and persistence (n = 182) groups. Larger SMDs for ultra-
sound features indicate more pronounced between-group differences. Note: SMD, standardized mean difference.
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