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abstract

PURPOSE Despite concerns that power morcellation may adversely affect prognosis of patients with occult
uterine cancer, empirical evidence has been limited and inconclusive. In this study, we aimed to determine
whether uncontained power morcellation at the time of hysterectomy or myomectomy is associated with in-
creased mortality risk in women with occult uterine cancer.

METHODS By linking statewide hospital discharge records with cancer registry data in New York, we identified
843 women with occult endometrial carcinoma and 334 women with occult uterine sarcoma who underwent
a hysterectomy or myomectomy for presumed benign indications during the period October 1, 2003, through
December 31, 2013. Within this cohort, we compared disease-specific and all-cause mortality of women who
underwent laparoscopic supracervical hysterectomy/laparoscopic myomectomy (LSH/LM), a surrogate in-
dicator for uncontained power morcellation, with women who underwent supracervical abdominal hysterectomy
and total abdominal hysterectomy (TAH), which did not involve power morcellation. Multivariable Cox re-
gressions and propensity score method were used to adjust for patient characteristics.

RESULTS Among women with occult uterine sarcoma, LSH/LM was associated with a higher risk for disease-
specific mortality than TAH (adjusted hazard ratio [aHR], 2.66, 95% CI, 1.11 to 6.37; adjusted difference in
5-year disease-specific survival, 219.4%, 95% CI, 235.8% to 23.1%). In the subset of women with leio-
myosarcoma, LSH/LM was associated with an increased risk for disease-specific mortality compared with
supracervical abdominal hysterectomy (aHR, 3.64, 95% CI, 1.50 to 8.86; adjusted difference in 5-year disease-
specific survival,231.2%, 95% CI,250.0% to212.3%) and TAH (aHR, 4.66, 95% CI, 1.97 to 11.00; adjusted
difference in 5-year disease-specific survival, 237.3%, 95% CI, 254.2% to 220.3%). Among women with
occult endometrial carcinoma, there was no significant association between surgical approach and disease-
specific mortality.

CONCLUSION Uncontained power morcellation was associated with higher mortality risk in women with occult
uterine sarcoma, especially in those with occult leiomyosarcoma.

J Clin Oncol 37:3412-3424. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Patient safety when undergoing hysterectomy (ie,
surgical removal of the uterus) and myomectomy (ie,
surgical removal of uterine fibroids with retention of the
uterus) is of vital importance because nearly 700,000
women undergo these procedures annually in the
United States.1 With advancing medical technology,
many of these procedures are performed laparo-
scopically, providing patients the benefit of minimally
invasive surgery (eg, lower complication rate, shorter
recovery time).2,3 Power morcellation has played an
important role by facilitating efficient fragmentation
and removal of uterine or fibroid tissue via small in-
cisions. However, the safety of this technique has been
debated since the US Food and Drug Administration
cautioned against its use in 2014.4

One major concern is that the rapidly rotating cylin-
drical blade during morcellation may inadvertently
spread cancer cells to the peritoneal cavity if there is
unrecognized uterine malignancy.4 However, empiri-
cal research on the impact of uncontained power
morcellation on prognosis of patients with occult
uterine cancer has been sparse and provided mixed
evidence.5,6 Moreover, existing studies often relied on
small samples from selected referral centers or had
limited risk adjustment,6-8 limiting generalizability and
robustness of the findings. The current literature has
also focused on occult leiomyosarcoma, a subtype of
uterine cancer that has a particularly poor prognosis
and is difficult to detect preoperatively,4 leading to
scant data on how power morcellation may affect
prognosis of patients with other forms of uterine
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cancer. In particular, endometrial carcinoma accounts for
more than 90% of uterine cancers and affects considerably
more women than does leiomyosarcoma.9

To address this important knowledge gap, we examined
whether uncontained power morcellation was associated
with increased mortality risk in women with occult uterine
cancer who underwent hysterectomy or myomectomy for
presumed benign indications. We used a large population-
based sample with rigorous adjustment for patient char-
acteristics and comprehensive assessment of all major
subtypes of uterine cancer.

METHODS

Data and Sample Selection

The New York Statewide Planning and Research Co-
operative System10 collects detailed information on diagnosis
and procedure codes and procedure dates of all inpatient
and outpatient encounters (regardless of payer) at civilian
hospitals and ambulatory surgery centers in the state. Using
data from this system, we identified adult women who un-
derwent a hysterectomy or myomectomy during the period
October 1, 2003, through December 31, 2013, on the basis
of the International Classification of Diseases, Ninth Revision
(ICD-9), diagnosis and procedure codes and current pro-
cedural terminology (CPT) codes. These women were then
linked to the New York State Cancer Registry data via
a unique patient identifier and their date of birth.11 The
cancer registry data allowed for ascertainment of uterine
cancer and vital status through December 31, 2015.

We identified women with a cancer registry–based di-
agnosis of corpus uteri cancer within 28 days after the index
hysterectomy or myomectomy, and defined them as having
occult uterine cancer if they did not have any of the fol-
lowing: (1) admitting diagnosis of any malignancy, neo-
plasm of uncertain behavior or unspecified nature,
endometrial hyperplasia, or ascites; (2) discharge diagnosis
of index hysterectomy or myomectomy indicating personal
history of gynecologic cancer; (3) discharge diagnosis or
CPT codes in the 9 months before index hysterectomy or
myomectomy indicating gynecologic cancer, cancer me-
tastasis to gynecologic organs, or endometrial hyperplasia;
or (4) prior diagnosis of malignancy in corpus uteri, cervix
uteri, or fallopian tubes or supporting ligaments in cancer
registry (Fig 1).12,13 Corpus uteri cancer was determined
using International Classification of Diseases for Oncology,
3rd edition, site code C54.x or C55.x in conjunction with
behavior code 3 (for malignant neoplasm), excluding his-
tology codes 9050 to 9055, 9140, and 9590 to 9992.14 We
limited our sample to women diagnosed with corpus uteri
cancer within 28 days after the index admission, because
few patients were diagnosed after 28 days and prolonged
time adds ambiguity regarding presence of cancer at the
index hysterectomy or myomectomy. This study was ap-
proved by the Yale Human Investigation Committee.

Comparison Groups

We compared patients with occult uterine cancer who
underwent a laparoscopic supracervical hysterectomy
(LSH)/laparoscopic myomectomy (LM) with those who
underwent supracervical abdominal hysterectomy (SAH) or
total abdominal hysterectomy (TAH). These surgical routes
were determined using ICD-9 and CPT procedure codes.

Women who underwent LSH/LM encompassed the group
of primary interest. LSH involved laparoscopic removal of
the uterine corpus while leaving the cervix intact (ie,
subtotal hysterectomy). LM involved laparoscopic excision
of fibroids while retaining both the uterus and the cervix.
The ICD-9 procedure code for LSH (68.31) first became
available on October 1, 2003, and uncontained power
morcellation of the uterine or fibroid tissue was the standard
technique used in LSH/LM before the 2014 US Food and
Drug Administration safety warning.15-17 Therefore, by
using data from October 1, 2003, through December 31,
2013, we were able to use LSH/LM as a surrogate indi-
cator for uncontained power morcellation and, consis-
tent with prior research,16,17 we classified all patients in the
LSH/LM group as having undergone uncontained power
morcellation.

Women undergoing SAH also had subtotal hysterectomy
(similar to LSH), but their uterine tissue was removed via the
open abdominal incision created during the procedure;
hence, power morcellation was not used. Comparison
between the LSH/LM and SAH groups would reveal the
effect of power morcellation. We also considered abdom-
inal myomectomy as part of this comparison group but did
not identify any patients with occult uterine cancer un-
dergoing abdominal myomectomy.

Women in the TAH group also did not undergo power
morcellation of uterine tissue and they constituted another
comparison group. Although TAH removes both the uterine
corpus and the cervix (ie, total hysterectomy), our focus on
disease-specific survival should alleviate the potential
confounding effect of the additional removal of the cervix.

Measures

Our primary outcome measure was disease-specific sur-
vival, defined as the time in months from date of diagnosis
to date of death if the patient died of corpus uteri cancer.
Date and cause of death were extracted from the cancer
registry and confirmed via New York State death certifi-
cates, US National Death Index, and/or Social Security
Death Index. If no record of death was identified from these
sources, the patient was presumed alive. For patients who
died of other causes or were presumed alive, we used their
date of death or last vital status update in the cancer registry
as the date of censoring.

As a secondary outcome, we also examined patients’ all-
cause survival. It was measured as the time in months from
date of diagnosis to date of death (regardless of cause of
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death) if the patient died during the study period or to date
of last vital status update if the patient was alive.

We measured patients’ age, race/ethnicity, tumor char-
acteristics, cancer treatment, and cancer history, using
data from the cancer registry. Cancer stage was categorized
as localized, regional, distant, or unknown (Appendix,
online only), and grade was categorized as low, high, or
unknown. Patients were classified as having endometrial
carcinoma versus uterine sarcoma and then more refined
subtypes based on histology codes. For each patient, we
ascertained whether she received radiation therapy and
chemotherapy for uterine cancer and whether she had
a history of other cancer, based on diagnosis before or
within 28 days of the index hysterectomy or myomectomy.

Using diagnosis codes in New York Statewide Planning and
Research Cooperative System data from the index ad-
mission and other inpatient and outpatient encounters in
the past 9 months,18 we measured 25 benign comorbidities
on the basis of the Elixhauser index.19,20 The summed
number of conditions reflected a patient’s disease burden.

Statistical Analysis

We analyzed endometrial carcinoma and uterine sarcoma
separately, given their distinct prognoses. Four patients had
both endometrial carcinoma and uterine sarcoma and were
analyzed as patients with uterine sarcoma, because of its
worse prognosis. We also performed a separate analysis for
leiomyosarcoma to facilitate comparison with prior studies.

We compared patient characteristics across surgical
groups (ie, LSH/LM, SAH, and TAH) using Kruskal-Wallis
test for continuous variables and x2 or Fisher’s exact test for
categorical variables. Disease-specific and all-cause sur-
vival were compared across groups using Kaplan-Meier
curves and log-rank tests, as well as multivariable Cox
proportional hazards regressions. The regressions adjusted
for patient tumor characteristics (ie, stage, grade, cancer
subtype, and receipt of chemotherapy and radiation
therapy) and other potential confounding factors (ie, age,
race/ethnicity, history of other cancer, and number of
benign comorbidities).21-23 We verified the proportional
hazards assumption for the effect of surgical group and
reported results of the Cox regressions using hazard ratios
(HRs). An alternative approach using subdistribution
hazards models accounting for other deaths as a compet-
ing risk showed similar findings.

To account for other patient characteristics that might differ
across groups, we also applied a propensity score method
(Appendix; Appendix Tables A1-A3).24 A multinomial lo-
gistic regression was estimated to derive each patient’s
propensity for undergoing LSH/LM, SAH, or TAH. This
propensity score model adjusted for patient age, race/eth-
nicity, surgical indication, proportion of census tract resi-
dents age 25 years or older with at least high school
education (indicating local socioeconomic status that could
affect access to laparoscopic procedures), and a risk score

for 30-day readmission based on comorbidities25 (indicating
acuity of patients’ health condition, which could influence
surgical route selection). We then included the propensity
scores as additional covariates in the Cox regressions.

For each type of uterine cancer, we calculated the mean
adjusted survival probability at 1, 3, and 5 years on the basis
of characteristics of patients in the sample and coefficient
estimates from the Cox regression, while assuming all pa-
tients had undergone LSH/LM, SAH, or TAH, respectively
(Appendix). We also calculated 95% CIs for the difference in
these adjusted probabilities between surgical groups.

We performed two sensitivity analyses. The first excluded
myomectomies to address potential differences in patient
population and confounding effect of uterine disruption,26

and the second added total laparoscopic hysterectomy for
uteri weighing no more than 250 g (which typically would
not involve power morcellation) as another comparison
group to inform potential confounding effect of laparo-
scopic versus abdominal surgery27 (Appendix). P , 0.05
was considered statistically significant.

RESULTS

Sample Characteristics

The final sample included 843womenwith occult endometrial
carcinoma and 334 with occult uterine sarcoma (a subset of
231 women had leiomyosarcoma). Median (interquartile
range) follow-up was 53 (29-79) months, 41 (18-75) months,
and 38 (18-67) months for women with endometrial carci-
noma, uterine sarcoma, and leiomyosarcoma, respectively.

Among women with occult endometrial carcinoma, 38 were
in the LSH/LM group (all underwent LSH), 140 underwent
SAH, and 665 underwent TAH. Patients differed signifi-
cantly by age, race/ethnicity, cancer grade, and history of
other malignancy across surgical groups (Table 1). Women
in the TAH group tended to have worse health attributes
than women in the LSH/LM and SAH groups.

Among women with occult uterine sarcoma, 21 were in the
LSH/LM group (18 underwent LSH and three underwent LM),
89 underwent SAH, and 224 underwent TAH. Patients in the
three surgical groups differed significantly by age, stage, and
comorbidities, generally favoring the LSH/LM group (Table 2).
The subset of women having occult leiomyosarcoma ex-
hibited a similar pattern of patient characteristics.

Disease-Specific Mortality

On the basis of log-rank tests, unadjusted survival curves
showed no significant difference in disease-specific mor-
tality across surgical groups for women with occult endo-
metrial carcinoma, uterine sarcoma, or leiomyosarcoma
(Fig 2). For women with occult endometrial carcinoma,
surgical group was not associated with disease-specific
survival even after adjusting for patient characteristics
and propensity scores in multivariable analysis (Table 3).
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However, for women with occult uterine sarcoma, after
adjusting for patient characteristics and propensity scores,
LSH/LM was associated with a higher risk for disease-
specific mortality than TAH (HR, 2.66; 95% CI, 1.11 to
6.37), but difference between the LSH/LM and SAH groups
did not reach statistical significance (Table 3). In the subset
of women with occult leiomyosarcoma, LSH/LM was as-
sociated with an increased risk for disease-specific mor-
tality than SAH (HR, 3.64; 95% CI, 1.50 to 8.86) and TAH

(HR, 4.66; 95% CI, 1.97 to 11.00). Meanwhile, disease-
specific mortality did not differ between the SAH and TAH
groups, suggesting no confounding effect of total (v sub-
total) hysterectomy on disease-specific survival.

Sensitivity analysis excluding myomectomies showed similar
results (Appendix Table A4). There was also no difference in
adjusted mortality risk between total laparoscopic hyster-
ectomy (uterus # 250 g) and TAH, suggesting no evidence
for confounding effect of laparoscopy (Appendix Table A5).

Excluded (n = 68,803) (categories not mutually exclusive):
   History/admitting diagnosis of gynecologic cancer,
      cancer metastasis to gynecologic
      organs, or endometrial hyperplasia
   Incomplete date of cancer diagnosis but cancer
      registry information noted pre-operative
      diagnosis/suspicion of gynecologic
      cancer/endometrial hyperplasia
   Incomplete date of cancer diagnosis with unknown
      sequence between gynecologic cancer diagnosis
      and hysterectomy/myomectomy
   Admitting diagnosis of other cancer, neoplasm of
      uncertain behavior or unspecified nature, or ascites
   Obstetric-related conditions or diseases of the
      digestive system
   Masked patient identifier/dates* that prohibited
      linkage to cancer registry
   Concomitant polypectomy or hysteroscopy at the
      time of myomectomy
   > 1 hysterectomy for the same patient
      (only retained the first hysterectomy)

(n = 53,172)

(n = 34)

(n = 23)

(n = 4,682)

(n = 7,469)

(n = 2,160)

(n = 2,724)

(n = 150)

Hysterectomy/myomectomy for adult
women in Oct 1, 2003, to Dec 31, 2013

(N = 333,493 procedures) 

Hysterectomy/myomectomy for
presumed benign indications

(n = 264,690 procedures)

Excluded:
Hysterectomy/myomectomy without occult uterine cancer

(n = 262,447 procedures)

Hysterectomy/myomectomy with occult uterine cancer
(n = 2,243 procedures)

Hysterectomy/myomectomy with occult endometrial
carcinoma† (n = 1,724 procedures, each from a unique patient)

Hysterectomy/myomectomy with occult uterine sarcoma†
(n = 519 procedures, each from a unique patient)

LSH/LM
(n = 38)

SAH
(n = 140)

TAH
(n = 665)

Excluded: Other
surgical routes

(n = 881)

LSH/LM
(n = 21)

SAH
(n = 89)

TAH
(n = 224)

Excluded: Other
surgical routes

(n = 185)

Death or cancer registry vital status update
on Dec 31, 2015

Death or cancer registry vital status update
on Dec 31, 2015

FIG 1. Patient flow diagram. (*) The New York Statewide Planning and Research Cooperative System (SPARCS) redacted information on patient identifiers
and dates to protect the confidentiality for abortion- or HIV-related encounters. (†) Four patients had both occult endometrial carcinoma and occult uterine
sarcoma and were analyzed as uterine sarcoma patients since uterine sarcoma had worse prognosis. LSH/LM, laparoscopic supracervical hysterectomy/
laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy; TAH, total abdominal hysterectomy.
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Table 4 and Fig 3 report mean adjusted probability of
disease-specific survival by surgical group. For instance,
for women with occult leiomyosarcoma, 5-year adjusted
probability of disease-specific survival was 25.3% if they
underwent LSH/LM, in contrast to 56.5% if they un-
derwent SAH and 62.6% if they underwent TAH,
resulting in a significant difference in survival probability
of 231.2% (95% CI, 250.0% to 212.3%) and 237.3%

(95% CI, 254.2% to 220.3%), respectively. Mean ad-
justed survival probability of patients with localized
cancer is presented in Appendix Table A6 and Appendix
Figure A1.

All-Cause Mortality

All-cause mortality did not differ across surgical groups in
unadjusted analysis (Appendix Fig A2). After adjusting for

TABLE 1. Characteristics of Patients With Occult Endometrial Carcinoma, Overall and by Surgical Group
Characteristic Total (N = 843) LSH/LM (n = 38)* SAH (n = 140) TAH (n = 665) P

Age, median (IQR), years 60 (51-69) 60 (49-65) 54 (48-64.5) 61 (52-70) , .001†

Race/ethnicity .01‡

Non-Hispanic white 591 (70.1) 32 (84.2) 86 (61.4) 473 (71.1)

Other or unknown 252 (29.9) 6 (15.8) 54 (38.6) 192 (28.9)

Stage .10

Localized 569 (67.5) 31 (81.6) 98 (70.0) 440 (66.2)

Regional 174 (20.6) 3 (7.9) 29 (20.7) 142 (21.4)

Distant 93 (11.0) 3 (7.9) 11 (7.9) 79 (11.9)

Unknown 7 (0.8) 1 (2.6) 2 (1.4) 4 (0.6)

Grade .03

Low (1-2) 510 (60.5) 26 (68.4) 93 (66.4) 391 (58.8)

High (3-4) 211 (25.0) 3 (7.9) 33 (23.6) 175 (26.3)

Unknown 122 (14.5) 9 (23.7) 14 (10.0) 99 (14.9)

Subtype .11

Adenocarcinoma 737 (87.4) 37 (97.4) 125 (89.3) 575 (86.5)

Other 106 (12.6) 1 (2.6) 15 (10.7) 90 (13.5)

Chemotherapy .06

Yes 208 (24.7) 6 (15.8) 26 (18.6) 176 (26.5)

No or unknown 635 (75.3) 32 (84.2) 114 (81.4) 489 (73.5)

Radiation therapy .50

Yes 223 (26.5) 9 (23.7) 32 (22.9) 182 (27.4)

No or unknown 620 (73.5) 29 (76.3) 108 (77.1) 483 (72.6)

History of other cancer , .001†§

Yes 218 (25.9) 4 (10.5) 20 (14.3) 194 (29.2)

No 625 (74.1) 34 (89.5) 120 (85.7) 471 (70.8)

No. of benign comorbidities, median (IQR) 2 (1-3) 2 (0-3) 1.5 (1-2) 2 (1-3) 0.11

Admitting diagnosis , .001†§

Uterine fibroid 170 (20.2) 8 (21.1) 49 (35.0) 113 (17.0)

Menstrual disorders 81 (9.6) 8 (21.1) 17 (12.1) 56 (8.4)

Postmenopausal bleeding 131 (15.5) 7 (18.4) 13 (9.3) 111 (16.7)

Abdominal mass or pain 210 (24.9) 3 (7.9) 14 (10.0) 193 (29.0)

Other 251 (29.8) 12 (31.6) 47 (33.6) 192 (28.9)

NOTE. Statistics are reported as No. (%) unless otherwise specified.
Abbreviations: IQR, interquartile range; LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical

abdominal hysterectomy; TAH, total abdominal hysterectomy.
*All 38 patients underwent LSH, and none underwent LM.
†SAH group differed significantly from TAH group in additional pairwise comparison (after correcting P values for multiple comparison).
‡LSH/LM group differed significantly from SAH group in additional pairwise comparison (after correcting P values for multiple comparison).
§LSH/LM group differed significantly from TAH group in additional pairwise comparison (after correcting P values for multiple comparison).
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patient characteristics and propensity scores, both the LSH/
LM group (HR, 1.97; 95% CI, 1.01 to 3.84) and the SAH
group (HR, 1.46; 95% CI, 1.02 to 2.09) had a higher risk for
all-cause mortality than TAH in women with endometrial
carcinoma, likely reflecting the effect of total (v subtotal)
hysterectomy on overall survival (Table 3). However, in
women with occult leiomyosarcoma, the risk for all-cause
mortality only differed between LSH/LM and TAH (HR, 2.44;
95% CI, 1.11 to 5.36), not between SAH and TAH.

DISCUSSION

Empirical evidence for how power morcellation may affect
prognosis of patients with occult uterine cancer has been
sparse. Our study extends this literature by demonstrating

that compared with SAH or TAH, which did not involve
power morcellation, LSH/LM with presumed uncontained
power morcellation was associated with higher mortality
risk in women with occult uterine sarcoma, especially
leiomyosarcoma.

Our findings suggest an adverse survival impact of uncon-
tained power morcellation. This is consistent with recent
studies of patients with leiomyosarcoma from Kaiser Per-
manente reporting a fivefold higher risk of 1-year mortality
associated with morcellation28 and from a clinical trial net-
work in Italy showing a threefold increase in mortality risk
associated with power morcellation.29 A meta-analysis of 24
studies published up to 2015 also found amarked difference
in 5-year survival for patients with leiomyosarcoma who
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FIG 2. (A) Disease-specific survival for occult endometrial carcinoma (unadjusted). Log-rank test for difference across surgical groups has P = .72. (B)
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underwent power morcellation versus those who did not
(30% v 60%), although the difference was not statisti-
cally significant.6 The unique strengths of our study (ie,
population-based data, large sample size, inclusion of all
uterine cancer subtypes, and careful risk adjustment)
substantively add to this evidence base in terms of gen-
eralizability, methodological rigor, and clinical breadth.

Uncontained power morcellation may affect mortality risk
for several reasons. First, it may cause intraperitoneal dis-
semination of cancer cells, accelerating disease progression.

Research has shown malignant peritoneal implants after
power morcellation and higher risk for upstaged cancer after
morcellated versus nonmorcellated tissue removal.30-34

Because survival decreases progressively with advancing
stage,22 upstaging due to morcellation could substantially
increase mortality risk. Second, morcellated specimens
make it difficult to appropriately stage and assess tumor
histopathology, complicating subsequent treatment.35

Moreover, compromised pathologic evaluation of morcel-
lated specimens may lead to missed diagnosis, which also
warrants attention in future research.

TABLE 3. Comparison of Disease-Specific and All-Cause Mortality Across Surgical Groups in Women With Occult Uterine Cancer

Outcomes

LSH/LM v SAH LSH/LM v TAH SAH v TAH

Hazard Ratio (95% CI) P* Hazard Ratio (95% CI) P* Hazard Ratio (95% CI) P*

Disease-specific mortality†

Occult endometrial carcinoma

Model 0: Unadjusted 1.06 (0.39 to 2.88) .90 0.87 (0.35 to 2.14) .76 0.82 (0.49 to 1.37) .44

Model 1: Adjusted for patient characteristics‡ 1.73 (0.62 to 4.85) .30 1.89 (0.74 to 4.79) .18 1.09 (0.64 to 1.84) .75

Model 2: Model 1 + propensity score adjustment 2.00 (0.71 to 5.68) .19 2.26 (0.87 to 5.88) .10 1.13 (0.66 to 1.92) .66

Occult uterine sarcoma

Model 0: Unadjusted 1.44 (0.64 to 3.22) .38 1.08 (0.52 to 2.25) .83 0.75 (0.47 to 1.21) .24

Model 1: Adjusted for patient characteristics‡ 1.73 (0.70 to 4.26) .24 2.19 (0.93 to 5.17) .07 1.27 (0.77 to 2.09) .35

Model 2: Model 1 + propensity score adjustment 2.04 (0.81 to 5.09) .13 2.66 (1.11 to 6.37) .03 1.30 (0.79 to 2.15) .30

Occult leiomyosarcoma

Model 0: Unadjusted 1.59 (0.70 to 3.64) .27 1.44 (0.68 to 3.05) .34 0.91 (0.53 to 1.55) .72

Model 1: Adjusted for patient characteristics§ 2.89 (1.20 to 6.99) .02 3.56 (1.53 to 8.25) .003 1.23 (0.70 to 2.15) .47

Model 2: Model 1 + propensity score adjustment 3.64 (1.50 to 8.86) .004 4.66 (1.97 to 11.00) , .001 1.28 (0.73 to 2.24) .39

All-cause mortality

Occult endometrial carcinoma

Model 0: Unadjusted 0.96 (0.48 to 1.93) .92 0.86 (0.46 to 1.63) .65 0.89 (0.63 to 1.26) .52

Model 1: Adjusted for patient characteristics‡ 1.15 (0.56 to 2.34) .70 1.60 (0.83 to 3.07) .16 1.39 (0.98 to 1.98) .07

Model 2: Model 1 + propensity score adjustment 1.35 (0.66 to 2.77) .42 1.97 (1.01 to 3.84) .046 1.46 (1.02 to 2.09) .04

Occult uterine sarcoma

Model 0: Unadjusted 0.93 (0.47 to 1.85) .84 0.84 (0.44 to 1.60) .59 0.90 (0.63 to 1.27) .55

Model 1: Adjusted for patient characteristics‡ 1.17 (0.56 to 2.47) .67 1.58 (0.77 to 3.26) .22 1.34 (0.93 to 1.95) .12

Model 2: Model 1 + propensity score adjustment 1.32 (0.62 to 2.79) .48 1.89 (0.90 to 3.95) .09 1.43 (0.99 to 2.09) .06

Occult leiomyosarcoma

Model 0: Unadjusted 0.94 (0.46 to 1.96) .88 0.96 (0.48 to 1.92) .91 1.02 (0.69 to 1.51) .92

Model 1: Adjusted for patient characteristics§ 1.56 (0.72 to 3.35) .26 2.01 (0.95 to 4.26) .07 1.29 (0.85 to 1.95) .23

Model 2: Model 1 + propensity score adjustment 1.78 (0.81 to 3.92) .15 2.44 (1.11 to 5.36) .03 1.37 (0.90 to 2.09) .14

Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy; TAH, total
abdominal hysterectomy.
*P , 0.05 was considered statistically significant.
†Three patients with occult endometrial carcinoma and three with occult uterine sarcoma (including one patient with occult leiomyosarcoma) had unknown

cause of death. They all underwent TAH and were excluded from analysis of disease-specific mortality.
‡Model was adjusted for patient age, race/ethnicity, cancer stage, grade, cancer subtype, receipt of chemotherapy, receipt of radiation therapy, history of

other cancer, and number of benign comorbidities.
§Model was adjusted for patient age, race/ethnicity, cancer stage, grade, receipt of chemotherapy, and number of benign comorbidities. Model was not

adjusted for receipt of radiation therapy or history of other cancer, because no or too few patients with leiomyosarcoma in the LSH/LM group received radiation
therapy or had a history of other cancer. Sensitivity analysis including these two variables produced similar results.
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Our findings underscore the importance of evaluation for
leiomyosarcoma and other uterine sarcomas in women
undergoing hysterectomy or myomectomy. For preopera-
tive evaluation, the American College of Obstetricians and
Gynecologists and the American Association of Gyneco-
logic Laparoscopists recommend imaging and endometrial
tissue sampling.36,37 Intraoperative evaluation via biopsy
and frozen sections offers another opportunity to identify
underlying malignancy, but low accuracy may limit its
utility.38-41 For patients at higher risk for malignancy (eg,
postmenopausal women26,36), avoiding uncontained power
morcellation may be beneficial.37 On the other hand,
morcellation facilitates minimally invasive surgery, which
helps reduce complications of hysterectomy. Hence, the
risks and benefits of power morcellation should be carefully
considered. For instance, simulation studies accounting
for both surgery- and occult cancer-related outcomes
suggest that laparoscopic hysterectomy with morcellation
may be beneficial for younger women, given the associated

reduced risk of surgical complications and their lower risk
of unexpected cancer.42,43 In addition, cautions about
power morcellation do not necessarily preclude patients
from undergoing laparoscopic hysterectomy (eg, uterus
can often be removed intact vaginally in total laparoscopic
hysterectomy).

We recognize limitations of several measures used in our
study. First, lacking direct information regarding method of
specimen removal, we assumed that all patients in the LSH/
LM group underwent power morcellation. Likewise, we
could not determine use of manual morcellation, which
might also affect prognosis, although to a lesser degree
than power morcellation.6 It is possible that not all LSH/LM
procedures used power morcellation or some abdominal
hysterectomies involved manual morcellation. However, if
this were the case, differences in mortality risk between the
LSH/LM and abdominal groups observed in our study
would underestimate the true effect of power morcellation.

TABLE 4. Mean Adjusted Probability of Disease-Specific Survival by Surgical Group
Patient Group 1 Year 3 Years 5 Years

Occult endometrial carcinoma

Adjusted probability of disease-specific survival, %

LSH/LM 86.2 76.5 71.5

SAH 91.9 84.8 80.8

TAH 92.7 86.0 82.2

Difference in disease-specific survival
probability, % (95% CI)

LSH/LM v SAH 25.7 (215.4 to 3.9) 28.3 (221.6 to 4.9) 29.3 (223.9 to 5.3)

LSH/LM v TAH 26.5 (215.8 to 2.8) 29.6 (222.1 to 2.9) 210.7 (224.4 to 3.0)

Occult uterine sarcoma

Adjusted probability of disease-specific survival, %

LSH/LM 73.8 59.2 45.5

SAH 84.1 72.7 59.7

TAH 87.1 77.1 65.0

Difference in disease-specific survival
probability, % (95% CI)

LSH/LM v SAH 210.3 (225.2 to 4.5) 213.5 (231.4 to 4.3) 214.2 (231.8 to 3.4)

LSH/LM v TAH 213.3 (227.8 to 1.2) 217.9 (234.9 to 20.9) 219.4 (235.8 to 23.1)

Occult leiomyosarcoma

Adjusted probability of disease-specific survival, %

LSH/LM 62.4 42.3 25.3

SAH 86.1 73.4 56.5

TAH 88.8 78.0 62.6

Difference in disease-specific survival
probability, % (95% CI)

LSH/LM v SAH 223.7 (243.0 to 24.4) 231.1 (252.1 to 210.2) 231.2 (250.0 to 212.3)

LSH/LM v TAH 226.4 (245.8 to 27.1) 235.8 (255.9 to 215.6) 237.3 (254.2 to 220.3)

Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy;
TAH, total abdominal hysterectomy.
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Yet, we still found a significant adverse effect of LSH/LM.
Second, we cannot rule out the possibility that some ma-
lignancies were suspected before surgery, especially in the
abdominal groups (because no patient should undergo
LSH/LM if cancer was suspected). However, because
patients with suspected cancer tend to have more ad-
vanced disease with worse prognosis, this would bias our
findings in favor of LSH/LM, leading to conservative esti-
mates for the effect of morcellation. Third, our risk ad-
justment used cancer stage documented in the cancer
registry, which reflected the final stage assigned using all
information available up to 4 months after initial diagnosis
or through the completion of staging surgery. Hence, it
might mask potential upstaging caused by morcellation
and underestimate the impact of morcellation on mortality
risk. In addition, morcellated specimens may complicate

pathologic examination. Hence, a larger proportion of
patients in the LSH/LM group had unknown cancer stage.
This might lead to less effective risk adjustment. Fourth,
ambulatory cancer treatment (eg, chemotherapy and ra-
diation therapy) tend to be under reported to cancer reg-
istries.44 However, because this affected all surgical groups
similarly, its impact on our evaluation of between-group
differences is likely small.

Other limitations should be acknowledged as well. Like all
observational studies, there may be unmeasured differ-
ences in patient or tumor characteristics between surgical
groups. Moreover, our data came from a single state and
may not reflect patients’ experience elsewhere in the
country. We might lack statistical power for detecting the
smaller effect of morcellation in endometrial carcinoma,
given its better prognosis.9 In addition, we evaluated
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FIG 3. (A) Mean adjusted disease-specific survival for occult endometrial carcinoma. (B) Mean adjusted disease-specific survival for occult uterine
sarcoma. (C) Mean adjusted disease-specific survival for occult leimyosarcoma. The survival curve in this figure for each surgical group reflects mean
adjusted survival probability at each time point among patients in the sample. Each patient’s survival probability at a given time point was estimated
based on her characteristics and regression Model 2 for disease-specific survival in Table 3, while assuming that she was in the LSH/LM, SAH, or TAH
group, respectively. The sample average survival probability at each time point was then derived for each group. LSH/LM, laparoscopic supracervical
hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy; TAH, total abdominal hysterectomy.
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different subtypes of uterine cancer and surgical groups
where multiple comparison might arise. However, this
risk should be low, given the coherent nature of our
findings. Finally, uterine sarcomas have high rates of
recurrence, which also warrant close investigation in
future research.45

In sum, we found evidence for increased mortality risk asso-
ciated with uncontained power morcellation. Rigorous patient
evaluation is needed to minimize the impact of unexpected
cancers. For women at higher risk for occult uterine cancer,
judicious selection of surgical approaches that avoid uncon-
tained power morcellation may help optimize outcomes.
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APPENDIX Additional Technical Details of Research Methodology

Measurement of uterine cancer stage. We categorized stage of
uterine cancer as localized, regional, distant, or unknown by in-
tegrating information from the American Joint Committee on Cancer
(AJCC) stage and SEER stage (using the more advanced stage if there
was a discrepancy). AJCC stage I was considered localized, AJCC
stages II and III were considered regional, and AJCC stage IV was
considered distant.

Propensity score method. To account for other patient charac-
teristics that might differ across the three surgical groups, we addi-
tionally applied a propensity score method. Specifically, for each type
of uterine cancer, we first performed a multinomial logistic regression
to derive each patient’s propensity for undergoing laparoscopic
supracervical hysterectomy/laparoscopic myomectomy (LSH/LM),
supracervical abdominal hysterectomy (SAH), or total abdominal
hysterectomy (TAH). The propensity score model adjusted for each
patient’s age, race/ethnicity, surgical indication, proportion of residents
age 25 years or older in patient’s census tract or zip code (if census
tract was not available) with at least a high school education (an in-
dicator for local socioeconomic status that could affect access to
laparoscopic procedures), and a risk score for 30-day readmission
based on comorbidities,25 which should reasonably reflect acuity of
patients’ health condition influencing surgical route selection. The
propensity score of a patient for each of the surgical groups (ie, LSH/
LM, SAH, or TAH) was defined as the estimated probability that the
patient would be assigned to the group, given her characteristics.
Complete results of the propensity score models are reported in Ap-
pendix Tables A1-A3. Each patient would have three propensity
scores, corresponding to the probabilities of belonging to the three
respective surgical groups (LSH/LM, SAH, and TAH). We then in-
cluded two of the propensity scores as additional covariates in the Cox
regression models. We used this propensity score adjustment ap-
proach because the small sample size in the LSH/LM group was not
amenable to propensity score stratification or matching and might be
unduly influenced by extreme weights if inverse propensity score
weighting approach was used. For similar reasons, we used a com-
posite risk score for comorbidities (instead of a series of binary in-
dicators for individual comorbidities) in the propensity score model to
minimize potential over-parameterization given the small number of
patients undergoing LSH/LM.

Sensitivity analysis. We recognize that patients undergoing
myomectomy tend to differ from patients undergoing hysterectomy
(eg, younger, intend to preserve fertility). There are also concerns that
disruption of the uterus itself in the process of myomectomy (re-
gardless of laparoscopic or abdominal approach) might affect cancer
dissemination.26 Moreover, because surgical route for myomectomy
was only distinguishable via current procedural terminology (CPT)
codes in outpatient data where abdominal myomectomy was rare, we
did not identify any patients with occult uterine cancer who underwent

abdominal myomectomy. As a result, the abdominal surgery groups in
our analysis did not encompass a direct comparison for laparoscopic
myomectomy. Therefore, we performed a sensitivity analysis excluding
patients who underwent laparoscopic myomectomy. Because no
women with occult endometrial carcinoma underwent laparoscopic
myomectomy, this sensitivity analysis was only implemented in women
with occult uterine sarcoma and women with occult leiomyosarcoma.
Results from this sensitivity analysis are reported in Appendix Table A4.

Given recent evidence suggesting worse prognosis of patients with
gynecologic cancer undergoing laparoscopic versus abdominal hys-
terectomy,27 we performed another sensitivity analysis by including
women with occult uterine cancer who underwent a total laparoscopic
hysterectomy (TLH; including laparoscopic-assisted vaginal hyster-
ectomy) for uteri weighing no more than 250 g as an additional
comparison group. That is, for women with occult uterine cancer, we
compared their mortality risk across four groups: LSH/LM, SAH, TAH,
and TLH (# 250 g). Because patients in the TLH (# 250 g) group
typically would not undergo power morcellation, comparing these
patients with the TAH group helped inform the potential confounding
effect of laparoscopic versus abdominal surgery. These patients were
identified using CPT codes (which were only available in outpatient
data). However, only CPT codes for laparoscopic hysterectomy dis-
tinguish uterine weight, whereas CPT codes for abdominal hysterec-
tomy do not differentiate uterine weight. Therefore, only the TLH group
was restricted to patients whose uterus weighed no more than 250 g.
This sensitivity analysis was limited to women with occult endometrial
carcinoma, because too few patients with occult uterine sarcoma had
a CPT code for TLHwith a uterus weighing nomore than 250 g. Results
from this sensitivity analysis are reported in Appendix Table A5.

Mean adjusted survival curve and survival probability. For
each type of uterine cancer, using coefficient estimates from the Cox
regression (model 2 in Table 3), we calculated the predicted survival
curve for each patient in the sample on the basis of her charac-
teristics and assuming all patients underwent LSH/LM (https://
support.sas.com/documentation/onlinedoc/stat/141/phreg.pdf). This
survival curve was averaged across all patients in the sample to obtain
the mean adjusted survival curve for LSH/LM. The mean adjusted
survival curves for SAH and TAH were calculated similarly. On the
basis of these calculations, we derived the mean adjusted survival
probability at 1, 3, and 5 years for patients in the sample had they
undergone LSH/LM, SAH, and TAH, respectively. We also calculated
95% CIs for the difference in these adjusted probabilities between
surgical groups. The mean adjusted survival curves are presented in
Figure 3 andmean adjusted survival probabilities are reported in Table
4. In addition, we calculated mean adjusted survival curves and mean
adjusted survival probabilities for the subset of patients with localized
cancer. To do so, we used coefficient estimates of the Cox regressions
from model 2 in Table 3 and applied them to the subset of women in
our sample with localized cancer. The corresponding results are re-
ported in Appendix Figure A1 and Appendix Table A6.
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FIG A1. Mean adjusted disease-specific survival curves for patients with localized cancer. (A) Occult endometrial carcinoma. (B) Occult uterine sarcoma. (C)
Occult leiomyosarcoma. LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy; TAH,
total abdominal hysterectomy.
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FIG A2. Unadjusted Kaplan-Meier curves for all-cause survival. (A) Occult endometrial carcinoma (log-rank test for difference across surgical groups, P5

.75). (B) Occult uterine sarcoma (log-rank test for difference across surgical groups, P 5 .75). (C) Occult leiomyosarcoma (log-rank test for difference
across surgical groups, P = .99). LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hys-
terectomy; TAH, total abdominal hysterectomy.
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TABLE A1. Propensity Score Model (multinomial logistic regression) for Surgical Group in Women With Occult Endometrial Carcinoma
Patient Characteristic SAH (v LSH/LM) TAH (v LSH/LM) SAH (v TAH)

Age, in 10 years 0.83 (0.59 to 1.16) 1.02 (0.75 to 1.38) 0.82 (0.69 to 0.97)

Race/ethnicity

Non-Hispanic white Referent Referent Referent

Other or unknown 3.34 (1.15 to 9.73) 2.42 (0.88 to 6.69) 1.38 (0.88 to 2.16)

Surgical indication

Uterine fibroid Referent Referent Referent

Menstrual disorders 0.35 (0.11 to 1.13) 0.52 (0.18 to 1.51) 0.67 (0.35 to 1.30)

Postmenopausal bleeding 0.40 (0.12 to 1.36) 1.11 (0.37 to 3.31) 0.36 (0.18 to 0.71)

Abdominal mass or pain 0.83 (0.19 to 3.63) 3.98 (1.01 to 15.68) 0.21 (0.11 to 0.40)

Other 0.66 (0.24 to 1.81) 0.97 (0.37 to 2.50) 0.68 (0.42 to 1.10)

Proportion of census tract residents with at
least a high school education*

1.12 (0.75 to 1.69) 1.05 (0.72 to 1.53) 1.07 (0.89 to 1.30)

Comorbidity summary score for risk of readmission 1.03 (0.995 to 1.07) 1.03 (1.002 to 1.07) 1.00 (0.98 to 1.01)

NOTE. Statistics are reported as adjusted odds ratio (95% CI).
Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy;

TAH, total abdominal hysterectomy.
*Measured in increments of 10 percentage points.
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TABLE A3. Propensity Score Model (multinomial logistic regression) for Surgical Group in Women With Occult Leiomyosarcoma
Patient Characteristic SAH (v LSH/LM) TAH (v LSH/LM) SAH (v TAH)

Age, in 10 years 3.16 (1.34 to 7.47) 4.77 (2.03 to 11.22) 0.66 (0.47 to 0.94)

Race/ethnicity

Non-Hispanic white Referent Referent Referent

Other or unknown 0.52 (0.12 to 2.28) 0.72 (0.17 to 3.00) 0.73 (0.34 to 1.56)

Surgical indication

Uterine fibroid Referent Referent Referent

Other* 0.89 (0.25 to 3.21) 0.85 (0.24 to 2.97) 1.05 (0.55 to 1.99)

Proportion of census tract residents with at least high school
education†

0.35 (0.11 to 1.05) 0.32 (0.11 to 0.97) 1.08 (0.77 to 1.49)

Comorbidity summary score for risk of readmission 1.07 (0.97 to 1.19) 1.12 (1.01 to 1.23) 0.96 (0.93 to 0.99)

NOTE. Statistics are reported as adjusted odds ratio (95% CI).
Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy;

TAH, total abdominal hysterectomy.
*Other categories of surgical indication were combined owing to small sample size.
†Measured in increments of 10 percentage points.

TABLE A2. Propensity Score Model (multinomial logistic regression) for Surgical Group in Women With Occult Uterine Sarcoma
Patient Characteristic SAH (v LSH/LM) TAH (v LSH/LM) SAH (v TAH)

Age, in 10 years 2.27 (1.20 to 4.29) 3.48 (1.85 to 6.55) 0.65 (0.49 to 0.87)

Race/ethnicity

Non-Hispanic white Referent Referent Referent

Other or unknown 0.76 (0.23 to 2.53) 0.79 (0.24 to 2.54) 0.97 (0.51 to 1.83)

Surgical indication

Uterine fibroid Referent Referent Referent

Other* 1.11 (0.37 to 3.32) 1.24 (0.43 to 3.60) 0.89 (0.52 to 1.53)

Proportion of census tract residents with at least high school
education†

0.40 (0.17 to 0.94) 0.36 (0.15 to 0.84) 1.10 (0.83 to 1.47)

Comorbidity summary score for risk of readmission 1.03 (0.96 to 1.11) 1.07 (0.996 to 1.15) 0.96 (0.94 to 0.99)

NOTE. Statistics are reported as adjusted odds ratio (95% CI).
Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy;

TAH, total abdominal hysterectomy.
*Other categories of surgical indication were combined owing to small sample size.
†Measured in increments of 10 percentage points.
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TABLE A4. Sensitivity Analysis Comparing Disease-Specific and All-Cause Mortality Across Surgical Groups in Women With Occult Uterine Sarcoma and
Occult Leiomyosarcoma, Respectively, After Excluding Myomectomy

Outcome

LSH v SAH LSH v TAH SAH v TAH

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P

Disease-specific mortality*

Occult uterine sarcoma

Model 0: Unadjusted 1.67 (0.75 to 3.74) .21 1.26 (0.60 to 2.62) .54 0.75 (0.47 to 1.21) .24

Model 1: Adjusted for patient characteristics† 1.79 (0.73 to 4.39) .21 2.25 (0.96 to 5.28) .06 1.26 (0.76 to 2.08) .37

Model 2: Model 1 + propensity score adjustment 2.05 (0.82 to 5.14) .13 2.65 (1.10 to 6.36) .03 1.29 (0.78 to 2.14) .32

Occult leiomyosarcoma

Model 0: Unadjusted 1.84 (0.80 to 4.20) .15 1.67 (0.79 to 3.53) .18 0.91 (0.53 to 1.55) .72

Model 1: Adjusted for patient characteristics‡ 3.02 (1.25 to 7.27) .01 3.69 (1.60 to 8.52) .002 1.22 (0.70 to 2.14) .48

Model 2: Model 1 + propensity score adjustment 3.56 (1.45 to 8.71) .005 4.53 (1.91 to 10.74) , .001 1.27 (0.73 to 2.23) .40

All-cause mortality

Occult uterine sarcoma

Model 0: Unadjusted 0.97 (0.47 to 1.99) .93 0.87 (0.44 to 1.72) .70 0.90 (0.64 to 1.27) .55

Model 1: Adjusted for patient characteristics† 1.09 (0.50 to 2.35) .83 1.46 (0.69 to 3.10) .32 1.34 (0.93 to 1.95) .12

Model 2: Model 1 + propensity score adjustment 1.21 (0.56 to 2.65) .63 1.73 (0.81 to 3.73) .16 1.43 (0.98 to 2.08) .06

Occult leiomyosarcoma

Model 0: Unadjusted 0.97 (0.45 to 2.08) .93 0.99 (0.48 to 2.04) .97 1.02 (0.69 to 1.51) .92

Model 1: Adjusted for patient characteristics‡ 1.45 (0.65 to 3.24) .36 1.88 (0.85 to 4.12) .12 1.29 (0.85 to 1.95) .23

Model 2: Model 1 + propensity score adjustment 1.71 (0.76 to 3.87) .20 2.35 (1.05 to 5.29) .04 1.38 (0.91 to 2.09) .13

NOTE. This sensitivity analysis for uterine sarcoma included 18 patients in the LSH group, 89 patients in the SAH group, and 224 patients in the TAH group.
This sensitivity analysis for leiomyosarcoma included 13 patients in the LSH group, 61 patients in the SAH group, and 155 patients in the TAH group. P, 0.05
was considered statistically significant.
Abbreviations: LSH, laparoscopic supracervical hysterectomy; SAH, supracervical abdominal hysterectomy; TAH, total abdominal hysterectomy.
*Three patients with occult uterine sarcoma (including one patient with occult leiomyosarcoma) had an unknown cause of death. They all underwent TAH

and were excluded from analysis of disease-specific mortality.
†Model was adjusted for patient age, race/ethnicity, cancer stage, grade, cancer subtype, receipt of chemotherapy, receipt of radiation therapy, history of

other cancer, and number of benign comorbidities.
‡Model was adjusted for patient age, race/ethnicity, cancer stage, grade, receipt of chemotherapy, and number of benign comorbidities. Model was not

adjusted for receipt of radiation therapy or history of other cancer, because no patients with leiomyosarcoma in the LSH group received radiation therapy or
had a history of other cancer. Sensitivity analysis including these two variables produced similar results.
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TABLE A6. Mean adjusted probability of disease-specific survival by surgical group for patients with localized cancer
Patient Group 1 Year 3 Years 5 Years

Occult endometrial carcinoma

Adjusted probability of disease-specific survival, %

LSH/LM 95.5 90.4 87.0

SAH 97.7 94.9 93.0

TAH 98.0 95.5 93.7

Difference in disease-specific survival probability, %
(95% CI)

LSH/LM v SAH 22.2 (26.3 to 1.9) 24.5 (212.6 to 3.6) 26.0 (216.6 to 4.6)

LSH/LM v TAH 22.4 (26.4 to 1.6) 25.0 (213.0 to 2.9) 26.7 (217.0 to 3.6)

Occult uterine sarcoma

Adjusted probability of disease-specific survival, %

LSH/LM 84.9 73.5 60.1

SAH 91.6 84.2 74.0

TAH 93.4 87.2 78.4

Difference in disease-specific survival probability, %
(95% CI)

LSH/LM v SAH 26.7 (216.9 to 3.5) 210.7 (225.9 to 4.5) 213.8 (232.1 to 4.5)

LSH/LM v TAH 28.4 (218.4 to 1.6) 213.7 (228.4 to 1.0) 218.2 (235.6 to 20.9)

Occult leiomyosarcoma

Adjusted probability of disease-specific survival, %

LSH/LM 74.2 55.6 36.1

SAH 91.5 82.8 69.2

TAH 93.3 86.1 74.4

Difference in disease-specific survival probability, %
(95% CI)

LSH/LM v SAH 217.3 (233.4 to 21.3) 227.2 (248.3 to 26.2) 233.1 (254.4 to 211.7)

LSH/LM v TAH 219.1 (235.4 to 22.8) 230.6 (251.5 to 29.7) 238.3 (258.3 to 218.2)

Abbreviations: LSH/LM, laparoscopic supracervical hysterectomy/laparoscopic myomectomy; SAH, supracervical abdominal hysterectomy;
TAH, total abdominal hysterectomy.
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