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Abstract

STUDY OBJECTIVE: To examine the effectiveness of endometrial sampling for preoperative 

detection of uterine leiomyosarcoma in women undergoing hysterectomy, identify factors 

associated with missed diagnosis, and compare outcomes of patients who had preoperative versus 

missed diagnosis.
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DESIGN: Retrospective cohort study using linked data from the New York Statewide Planning 

and Research Cooperative System and New York State Cancer Registry in 2003–2015.

SETTING: Inpatient and outpatient encounters at civilian hospitals and ambulatory surgery 

centers in New York State.

PATIENTS: Women with uterine leiomyosarcoma who underwent a hysterectomy and a 

preoperative endometrial sampling within 90 days before the hysterectomy.

INTERVENTION: Endometrial sampling.

MEASUREMENT: Detection of leiomyosarcoma before hysterectomy (preoperative diagnosis) 

versus after hysterectomy (postoperative diagnosis).

MAIN RESULTS: A total of 79 patients with uterine leiomyosarcoma met sample eligibility 

criteria. Of these patients, 46 (58.2%) were diagnosed preoperatively and 33 (41.8%) were 

diagnosed postoperatively. Patients in the two groups did not differ significantly in age, race/

ethnicity, bleeding symptoms, and comorbidities assessed. In multivariable regression analysis, 

women who had endometrial sampling performed with hysteroscopy (compared to without 

hysteroscopy) had a higher likelihood of preoperative diagnosis (adjusted risk ratio [aRR]=3.03, 

95% confidence interval [CI]: 1.43–6.42). Patients with localized stage (versus distant stage) or 

tumor size >11 centimeters (versus <8 centimeters) were less likely to be diagnosed preoperatively 

(aRR=0.50, 95% CI: 0.28–0.89; and aRR=0.54, 95% CI: 0.30–0.99; respectively). Supracervical 

hysterectomy was not performed in any of the patients whose leiomyosarcoma was diagnosed 

preoperatively, compared to 21.2% of patients who were diagnosed postoperatively (p=.002).

CONCLUSION: Endometrial sampling detected leiomyosarcoma preoperatively in 58.2% of 

patients. Use of hysteroscopy with endometrial sampling improved preoperative detection of 

leiomyosarcoma by three-fold. Patients with missed diagnosis had a higher risk of undergoing 

suboptimal surgical management at the time of their index surgery.

Précis

For women with leiomyosarcoma undergoing hysterectomy, preoperative endometrial sampling 

failed to detect 41.8% of the leiomyosarcomas; missed diagnosis increased patients’ risk of 

undergoing supracervical hysterectomy.
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INTRODUCTION

Uterine leiomyomas or fibroids are benign smooth muscle tumors of the uterus, affecting 

70% of white women and 84% of African American women by age 50 [1]. Patients can 

have abnormal bleeding, pelvic pressure/pain, and infertility up to 30% of the time [2–4]. 

Symptomatic fibroids account for up to 40% of all hysterectomies performed for benign 

indications in the U.S. [5].
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Leiomyosarcoma (LMS) is a rare but aggressive malignant tumor that often mimics the 

appearance of benign leiomyomas and can be challenging to distinguish preoperatively. 

LMS has a particularly poor prognosis, with a 5-year survival rate ranging from 13.1% for 

stage IV disease to 55.4% for stage I disease [6]. The risk of unexpected LMS can be up to 

13 per 10,000 surgeries for presumed fibroids [7].

Choice of hysterectomy approach (supracervical versus total hysterectomy) and tissue 

extraction method (intact versus morcellated in pieces) can affect LMS prognosis [8]. 

Therefore, it is important to diagnose LMS preoperatively in order to inform appropriate 

surgical planning. Yet preoperative diagnosis of LMS remains a major challenge. Although 

we are aware of some risk factors for LMS (e.g., postmenopausal age, Black race, history 

of pelvic radiation, extended tamoxifen use, and solitary, rapidly increasing tumors with 

atypical features) [9–13], there is currently no reliable diagnostic test to differentiate LMS 

from benign leiomyomas [8]. Endometrial sampling is the most widely used tool for 

preoperative evaluation of uterine malignancy [14]. However, even though it can detect over 

90% of epithelial endometrial carcinomas, evidence on the predictive value of preoperative 

endometrial sampling to identify LMS is sparse [8].

The primary objective of this study was to examine the frequency of missed LMS diagnosis 

in patients undergoing preoperative endometrial sampling prior to hysterectomy and the 

characteristics of patients who had missed diagnosis. Our secondary objective was to 

examine the association between missed diagnosis and patient outcomes, including use of 

inappropriate surgical approach and survival.

MATERIALS AND METHODS

Data Sources and Sample

This study used data from the New York Statewide Planning and Research Cooperative 

System (SPARCS) [15], linked to data from the New York State Cancer Registry (NYSCR) 

[16]. The SPARCS has rigorous procedures in place (such as edit checks and audit review) 

to ensure high quality of data, and the NYSCR has been awarded the North American 

Association of Central Cancer Registries (NAACCR) Gold-level certification for cancer data 

quality for cancer cases diagnosed since 1998 [15, 16]. The SPARCS captures all inpatient 

stays and outpatient encounters (including ambulatory surgery, emergency department visits, 

and outpatient service visits) that occur at civilian hospitals and ambulatory surgery centers 

in New York State regardless of payer. Data linkage was performed based on a unique 

personal identifier and date of birth. The linked data provided sociodemographic and clinical 

information for all women age 18 years or older who underwent an inpatient or outpatient 

hysterectomy from October 1, 2003 through September 30, 2015 in the SPARCS database, 

along with cancer registry information on diagnosis of LMS and vital status through 

December 31, 2015. This study was approved by the Yale Human Investigation Committee.

We limited our sample to women with LMS who underwent a hysterectomy and an 

endometrial sampling within 90 days before the date of hysterectomy. Patients who had 

a pre-existing diagnosis of LMS prior to the date of endometrial sampling, had other cancers 

prior to the diagnosis of LMS, or had an LMS diagnosed more than three months after 

Kho et al. Page 3

J Minim Invasive Gynecol. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hysterectomy (which might not have been present at the time of endometrial sampling) were 

excluded (Figure 1). Hysterectomies were identified using the International Classification 

of Diseases Ninth Revision (ICD-9) procedure codes and Current Procedural Terminology 

(CPT) codes.

Endometrial sampling was identified by CPT codes and included endometrial biopsy (58100 

or 58110), dilation and curettage (D&C) (58120), and hysteroscopic endometrial biopsy 

(with or without D&C) (58558). As the SPARCS data are based on inpatient and outpatient 

hospital encounters, endometrial sampling included in our analysis reflect those performed 

in the hospital setting. Diagnosis of LMS was determined based on the International 

Classification of Diseases for Oncology Third Edition (ICD-O-3) histology code 8890, 8891 

and 8896 in conjunction with site code 54.x and 55.x and behavioral code for malignancy 

(excluding in situ disease).

Measures

We categorized each patient into one of the following two groups: LMS diagnosed before 

the date of hysterectomy (preoperative diagnosis) and LMS diagnosed on/after the date 

of hysterectomy (postoperative diagnosis). This was determined by comparing the date of 

LMS diagnosis (as documented in cancer registry) and date of hysterectomy procedure (as 

documented in hospital discharge record).

For each patient in the sample, we documented age, race/ethnicity, type of insurance, 

cancer stage, grade, tumor size, and receipt of chemotherapy and radiation therapy, and date 

and cause of death using cancer registry data. Cancer stage was categorized as localized, 

regional, or distant by consolidating information from the American Joint Committee on 

Cancer stage variable and the Surveillance, Epidemiology, and End Results Program stage 

variable (using the more advanced stage if there was discrepancy).

We distinguished whether the endometrial sampling was performed with hysteroscopy 

(CPT code 58558) versus without hysteroscopy (CPT codes 58100, 58110, or 58120) 

based on CPT codes. Presence of uterine leiomyoma and abnormal bleeding at the 

time of endometrial sampling, use of other diagnostic procedures, comorbid conditions, 

hysterectomy approach, and surgical outcomes were measured based on diagnosis and 

procedure codes in the patient’s longitudinal hospital discharge records. For abnormal 

bleeding, postmenopausal bleeding was distinguished from premenopausal menorrhagia or 

frequent menstruation. Additional diagnostic procedures included pelvic magnetic resonance 

imaging and transvaginal ultrasound performed during the 90-day preoperative period. 

Hysterectomy approach was categorized as total/radical hysterectomy versus supracervical 

hysterectomy. Measures of surgical outcomes included whether blood transfusion occurred, 

length of hospital stay, whether re-operation was performed within a four-month period after 

hysterectomy (for staging, debulking, or removal of the cervix if supracervical hysterectomy 

was performed initially), and readmission in the four-month period after hysterectomy.

We also measured all-cause and disease-specific survival for each patient. Date and cause 

of death were documented in the cancer registry based on New York State death certificate, 

U.S. National Death Index, and/or Social Security Death Index. Patients without recorded 
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death in these information sources were presumed alive. We calculated all-cause survival as 

the time (in months) between the date of hysterectomy (as documented in hospital discharge 

record) and date of death (if a patient died) or 12/31/2015 (if a patient was alive). We 

calculated disease-specific survival as the time (in months) between the date of hysterectomy 

and the date of death (if a patient died of corpus uteri cancer) or 12/31/2015. If a patient 

died of other causes, her date of death was used as the date of censoring for disease-specific 

survival. For the purpose of this study, we used date of hysterectomy (instead of date of 

diagnosis) as the starting date for calculating survival time to avoid bias against patients 

whose LMS was missed preoperatively.

Statistical Analysis

We compared characteristics and outcomes of patients whose LMS was diagnosed 

preoperatively versus women whose LMS was diagnosed postoperatively. Chi square test 

(or Fisher’s exact test when the expected number of cases was less than 5 for at least 

25% of the cells) was used for categorical variables and Wilcoxon rank sum test was 

used for continuous variables. We performed a multivariable regression to examine the 

association between use of hysteroscopy at the time of endometrial sampling (versus without 

hysteroscopy) and the likelihood of preoperative diagnosis of LMS, while adjusting for 

other patient and tumor characteristics (age, race/ethnicity, cancer stage, cancer grade, 

tumor size, and symptoms). Since patients undergoing hysteroscopy tended to have more 

extensive sampling via a D&C (rather than simple endometrial biopsy), we performed a 

sensitivity analysis comparing the likelihood of preoperative diagnosis between patients 

who underwent endometrial sampling with hysteroscopy and patients who underwent D&C 

without hysteroscopy.

All-cause mortality and disease-specific mortality between the two groups were compared 

using Kaplan-Meier curves with log-rank test. We further examined the association between 

timing of diagnosis (preoperative versus postoperative) and mortality risk using Cox 

proportional hazards models, while adjusting for patient age, race/ethnicity, cancer stage, 

grade, tumor size, and number of comorbidities. Proportional hazard assumptions were 

assessed using the supremum test. P values less than 0.05 were considered statistically 

significant. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 79 patients with LMS met our sample eligibility criteria (Figure 1). Of these 

patients, 60 (75.9%) underwent endometrial sampling with hysteroscopy, and 19 (24.1%) 

underwent endometrial sampling without hysteroscopy. Of the 79 patients, 46 (58.2%) were 

diagnosed before the date of hysterectomy, and 33 (41.8%) were diagnosed on or after the 

date of hysterectomy.

In bivariate analysis, patients diagnosed postoperatively did not differ significantly from 

those diagnosed preoperatively in cancer stage, grade, age, bleeding symptoms, or 

comorbidities (Table 1). However, tumor size was larger among patients who were 

diagnosed postoperatively than those diagnosed preoperatively (median: 11 versus 9 

centimeters, p=.04). A higher proportion of patients who underwent endometrial sampling 
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with hysteroscopy were diagnosed preoperatively (40 out of 60 patients, i.e., 66.7%) 

compared to those who underwent sampling without hysteroscopy (6 out of 19 patients, 

i.e., 31.6%) (p=.007) (Table 1).

After adjusting for other patient and tumor characteristics, patients whose endometrial 

sampling involved hysteroscopy were more likely to be diagnosed preoperatively (adjusted 

risk ratio = 3.03, 95% CI: 1.43–6.42) compared to patients whose endometrial sampling was 

performed without hysteroscopy (Table 2). In addition, patients with localized stage were 

less likely than those with distant stage to be diagnosed preoperatively (adjusted risk ratio 

= 0.50, 95% CI: 0.28–0.89). Patients with a tumor size larger than 11 centimeters were less 

likely than those with a tumor size smaller than 8 centimeters to be diagnosed preoperatively 

(adjusted risk ratio = 0.54, 95% CI: 0.30–0.99).

Similar results were found in our sensitivity analysis comparing patients who underwent 

endometrial sampling with hysteroscopy versus patients who underwent D&C without 

hysteroscopy. Specifically, 66.7% of the patients who underwent endometrial sampling with 

hysteroscopy versus 28.6% of the patients who underwent D&C without hysteroscopy were 

diagnosed preoperatively (p=0.009). The corresponding adjusted risk ratio for preoperative 

diagnosis was 3.56 (95% CI: 1.84–6.90) in multivariable regression analysis accounting for 

other patient and tumor characteristics.

All patients who were diagnosed preoperatively underwent a total/radical hysterectomy 

at the index surgery (Table 3). In contrast, 7 of the 33 patients (21.2%) who were 

diagnosed postoperatively underwent a supracervical hysterectomy (p=.002), and three of 

them later underwent a second surgery for removal of the cervix uteri or staging. Among 

the seven patients whose LMS was missed preoperatively and underwent a supracervical 

hysterectomy, four had localized stage while three had regional or distant stage. Five of 

them received or were recommended to receive chemotherapy as part of their first course 

treatment, and one received radiation therapy. There was no significant difference in length 

of stay between patients diagnosed preoperatively and postoperatively. However, a higher 

proportion of patients who were diagnosed postoperatively had blood transfusion, compared 

to those who were diagnosed preoperatively (42.4% versus 17.4%, p=.01). The proportion 

of women receiving chemotherapy or radiation therapy was similar between those diagnosed 

preoperatively and postoperatively.

The median overall survival of the 79 patients in the sample was 50 months (95% CI: 31–

109). There was no significant difference in unadjusted survival between women diagnosed 

preoperatively and postoperatively (p value for log-rank test = 0.66 for all-cause mortality 

and 0.70 for disease-specific mortality) (Figure 2). After adjusting for patient clinical risk 

factors, the risk of all-cause mortality (adjusted hazard ratio = 0.87, 95% CI: 0.41–1.85) and 

disease-specific mortality (adjusted hazard ratio = 0.65, 95% CI: 0.24–1.75) did not differ 

significantly for patients who were diagnosed postoperatively versus preoperatively (Table 

3).
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DISCUSSION

Among women with LMS undergoing hysterectomy, we showed that endometrial sampling 

was able to diagnose 58.2% of them preoperatively. Use of hysteroscopy during endometrial 

sampling improved LMS detection, whereas early cancer stage and large tumor size were 

associated with a lower likelihood of detection. When missed preoperatively, 21.2% of 

the patients underwent a supracervical hysterectomy, which is inappropriate for surgical 

management of LMS.

LMS, an aggressive subtype of uterine sarcoma, contributes to a significant proportion of 

uterine cancer deaths [6]. Uterine sarcoma arises from the deep muscle layer of the uterus 

and is generally considered inaccessible using standard endometrial sampling. However, 

endometrial sampling is the most readily available tool for preoperative evaluation and 

detection of uterine malignancy, and it is important to understand its clinical utility 

in detecting uterine sarcoma. Yet empirical data have been sparse and were limited to 

the experience from a few selected institutions. These studies reported that preoperative 

endometrial biopsy using Pipelle biopsy or traditional uterine curettage detected only 35.3%

−66.7% of patients with LMS [17–19]. Our study extends this literature by presenting more 

generalizable data using a statewide database and showed that preoperative endometrial 

sampling detected LMS in 58.2% of the patients.

Moreover, our study is among the first to demonstrate the benefit of hysteroscopy for the 

detection of LMS. Previous research showed that D&C alone failed to detect intrauterine 

pathology in 62.5% of patients [20] and blind endometrial sampling with curettage missed 

42% of endometrial polyps and 27% of premalignant/malignant endometrial lesions [21]. 

Hysteroscopy has since been established to increase the accuracy of endometrial sampling 

for detecting endometrial pathology (e.g., atypical hyperplasia and endometrial cancer), and 

has now replaced blind D&C as a reference standard [22, 23]. Nonetheless, the additional 

benefit of hysteroscopy for the detection of LMS, which is a deep muscle tumor, has 

not been previously shown. Our study addressed this important gap and demonstrated that 

hysteroscopy in addition to biopsy or D&C improved the likelihood of LMS detection by 

three-fold.

Patients whose LMS diagnosis was missed preoperatively had significantly larger tumors 

compared to those whose LMS was diagnosed preoperatively, even after adjusting for other 

tumor characteristics. Although we could not determine the location of the index tumor in 

relation to the endometrial cavity from our dataset, the association between larger tumor size 

and missed diagnosis may reflect the greater difficulty in adequately sampling the lining of 

the uterus when larger size tumors are present. Large tumors often distort the endometrial 

cavity making it difficult to visualize and navigate the pipelle or other instrument to sample 

the lining. In addition, a higher proportion (20.0%) of patients with large tumors (>11 

centimeter) in our sample had “fibroid” without bleeding abnormality, compared to 10.5% 

of patients with small tumors (<8 centimeters). It is possible that LMS patients with larger 

tumors in our sample had less “concerning” symptoms and hence endometrial sampling was 

less vigorously attempted. These potential reasons should be closely examined in future 

studies to inform opportunities for improvement.
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Our study confirmed that preoperative detection of LMS resulted in appropriate management 

and improved patients’ surgical outcome. Patients whose LMS was diagnosed preoperatively 

had a lower risk of blood transfusion compared to patients whose diagnosis was missed. 

This may reflect appropriate surgical planning and better coordinated intraoperative 

management for cases who were diagnosed preoperatively. In contrast, for patients whose 

diagnosis was missed preoperatively, unexpected finding or suspicion of malignancy might 

increase the complexity of the surgery, such as possible involvement of intraoperative 

frozen section procedure, prolonged operative time, and increased blood loss. Unfortunately, 

empirical data in this area have been sparse and warrant close attention in future research. 

In addition, 21.2% of the patients whose LMS was missed preoperatively ended up with 

a subtotal hysterectomy and some required a second procedure for the removal of the 

cervix or staging. A subtotal hysterectomy may result in a higher risk of residual disease 

and inadvertent dissemination of disease if morcellation is performed for tissue extraction. 

Several studies have shown worse prognosis of patients with LMS if they underwent 

power morcellation [24–26]. The lack of association between correct preoperative diagnosis 

and mortality risk in our study was likely due to our relatively small sample size and 

short follow-up period. Future research with a larger sample and longer follow-up would 

be helpful. Moreover, suboptimal index surgery (e.g., supracervical hysterectomy) and a 

need for re-operation can adversely affect other measures of prognosis, such as recurrence 

and quality of life, which are also important outcomes for cancer patients and should be 

evaluated in future studies as well.

Strengths of this study include the utilization of a statewide database that is linked to 

a cancer registry and the longitudinal nature of the data. These allowed for reliable 

identification of LMS, inclusion of a diverse sample of patients, and tracking of subsequent 

surgical and cancer-related outcomes. However, we recognize several limitations of this 

study. First, we relied on hospital-based data. Although these data captured endometrial 

sampling performed in hospital-based outpatient clinics, we could not evaluate the 

effectiveness of endometrial sampling performed by physicians in office-based settings 

outside of hospitals. Likewise, we may have missed concomitant tests or imaging studies 

received by patients outside the hospitals, leading to a potential overestimation of the 

effectiveness of endometrial sampling in diagnosing LMS. Second, our data lacked 

granularity in some clinical information (e.g., patient symptoms) and provider characteristics 

(e.g., experience), which limited our ability in identifying factors that might affect the 

effectiveness of endometrial sampling in detecting LMS. We also lacked information 

about the exact technique or process of how specimens were collected at the time 

of a hysteroscopic procedure. Further research to elucidate the best practice of using 

hysteroscopy to assist endometrial sampling would provide additional insights. Third, 

although we included statewide data from 12 years, LMS is rare and we focused on LMS 

patients who underwent a hospital-based endometrial sampling preoperatively. This resulted 

in a relatively small sample size, limiting our statistical power in some analysis. Finally, our 

data came from a single state and our findings may not be generalizable to other regions in 

the country.
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CONCLUSION

For women with LMS undergoing hysterectomy, preoperative endometrial sampling missed 

LMS diagnosis in over 40% of cases. However, use of hysteroscopy with the endometrial 

sampling increased likelihood of preoperative detection by three-fold. When the suspicion 

level is high for LMS, judicious use of endometrial sampling with hysteroscopy in the 

preoperative workup and selection of total (instead of supracervical) hysterectomy may help 

improve patient outcomes.
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Figure 1. 
Sample selection diagram

CPT = Current Procedural Terminology; ICD = International Classification of Diseases; 

LMS = leiomyosarcoma.
a. Some of these patients might have received endometrial sampling outside of hospitals 

which we were not able to capture.
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Figure 2. 
Unadjusted survival outcomes by timing of leiomyosarcoma diagnosis

A. All-cause survival

B. Disease-specific survival
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TABLE 1.

Patient characteristics by timing of leiomyosarcoma diagnosis (N=79)

Patient Characteristics Diagnosed Preoperatively (N=46) Diagnosed Postoperatively (N=33) P Value

Age, years .27

 18–54 14 (50.0%) 14 (50.0%)

 ≥55 32 (62.7%) 19 (37.3%)

Race/ethnicity .31

 Non-Hispanic white 29 (63.0%) 17 (37.0%)

 Other/unknown 17 (51.5%) 16 (48.5%)

Primary payer .83

 Private insurance 29 (59.2%) 20 (40.8%)

 Other/unknown 17 (56.7%) 13 (43.3%)

Cancer stage .71

 Localized 25 (54.3%) 21 (45.7%)

 Regional 11 (64.7%) 6 (35.3%)

 Distant 10 (62.5%) 6 (37.5%)

Tumor grade .16

 1–2 2 (100.0%) 0 (0.0%)

 3 11 (47.8%) 12 (52.2%)

 4 23 (69.7%) 10 (30.3%)

 Unknown 10 (47.6%) 11 (52.4%)

Tumor size (in centimeters),
a
 mean±SD, median 

(interquartile range)

8.6±4.6, 9 (6–11) 11.2±5.0, 11 (8.5–14.5) .04

Presence of a diagnosis code for leiomyoma .09

 Yes 15 (46.9%) 17 (53.1%)

 No 31 (66.0%) 16 (34.0%)

Postmenopausal bleeding .12

 Yes 29 (65.9%) 15 (34.1%)

 No 17 (48.6%) 18 (51.4%)

Premenopausal menorrhagia or frequent menstruation .33

 Yes 6 (46.2%) 7 (53.8%)

 No 40 (60.6%) 26 (39.4%)

Diabetes .73

 Yes 6 (66.7%) 3 (33.3%)

 No 40 (57.1%) 30 (42.9%)

Hypertension .09

 Yes 18 (72.0%) 7 (28.0%)

 No 28 (51.9%) 26 (48.1%)

Obesity 1.00

 Yes 2 (66.7%) 1 (33.3%)

 No 44 (57.9%) 32 (42.1%)
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Patient Characteristics Diagnosed Preoperatively (N=46) Diagnosed Postoperatively (N=33) P Value

Additional MRI/transvaginal ultrasound evaluation in 

90-day preoperative period
b

.64

 Yes 3 (75.0%) 1 (25.0%)

 No 43 (57.3%) 32 (42.7%)

Type of endometrial sampling .007

 With hysteroscopy 40 (66.7%) 20 (33.3%)

 Without hysteroscopy 6 (31.6%) 13 (68.4%)

MRI = Magnetic resonance imaging; SD = standard deviation.

a.
N=18 patients had missing data on tumor size.

b.
Limited to MRI/transvaginal ultrasound documented in hospital discharge records.
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TABLE 2.

Association between use of hysteroscopy and likelihood of preoperative diagnosis of leiomyosarcoma, after 

adjusting for other patient and tumor characteristics

Patient and Tumor Characteristics Adjusted Risk Ratio 95% Confidence Interval

Type of endometrial sampling

 With hysteroscopy 3.03 (1.43, 6.42)

 Without hysteroscopy Reference

Age

 18–54 years Reference

 ≥55 years 1.00 (0.64, 1.54)

Race/Ethnicity

 Non-Hispanic White 1.00 (0.66, 1.50)

 Other/Unknown Reference

Cancer stage

 Localized 0.50 (0.28, 0.89)

 Regional 0.60 (0.35, 1.05)

 Distant Reference

Cancer grade

 1–3 Reference

 4 1.35 (0.90, 2.03)

 Unknown 1.06 (0.61, 1.84)

Tumor size

 <8 cm Reference

 8–11 cm 0.82 (0.49, 1.38)

 >11 cm 0.54 (0.30, 0.99)

 Unknown 1.36 (0.82, 2.24)

Presence of a diagnosis code for leiomyoma

 Yes 0.92 (0.62, 1.36)

 No Reference

Postmenopausal bleeding

 Yes 1.13 (0.70, 1.81)

 No Reference

Premenopausal menorrhagia/frequent Menstruation

 Yes 0.78 (0.42, 1.47)

 No Reference

J Minim Invasive Gynecol. Author manuscript; available in PMC 2023 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kho et al. Page 18

TABLE 3.

Patient outcomes by timing of leiomyosarcoma diagnosis (N=79)

Patient Outcomes Diagnosed Preoperatively 
(N=46)

Diagnosed Postoperatively 
(N=33)

P Value

Type of hysterectomy .002

 Total/radical hysterectomy 46 (100.0%) 26 (78.8%)

 Supracervical hysterectomy 0 (0%) 7 (21.2%)

Length of stay (days), mean±SD, median (interquartile 
range)

4.4±6.6, 3 (2–5) 4.2±2.6, 4 (2–5) .32

Blood transfusion .01

 Yes 8 (17.4%) 14 (42.4%)

 No 38 (82.6%) 19 (57.6%)

Reoperation (within 4 months after hysterectomy) .07

 Yes 0 (0%) 3 (9.1%)

 No 46 (100.0%) 30 (90.9%)

Re-admission (within 4 months after hysterectomy) .78

 Yes 14 (30.4%) 11 (33.3%)

 No 32 (69.6%) 22 (66.7%)

Radiation therapy
a .75

 Yes 7 (15.9%) 4 (12.1%)

 No 37 (84.1%) 29 (87.9%)

Chemotherapy
b .87

 Yes 21 (45.7%) 14 (43.8%)

 No 25 (54.3%) 18 (56.3%)

Mortality risk

 All-cause mortality

  Unadjusted, hazard ratio (95% CI) Reference 1.15 (0.61–2.17) .66

  Adjusted,
c
 hazard ratio (95% CI)

Reference 0.87 (0.41–1.85) .72

 Disease-specific mortality

  Unadjusted, hazard ratio (95% CI) Reference 1.16 (0.54–2.52) .70

  Adjusted,
c
 hazard ratio (95% CI)

Reference 0.65 (0.24–1.75) .39

CI = confidence interval; SD = standard deviation.

a.
N=2 patients had missing data.

b.
N=1 patient had missing data.

c.
After adjustment for patient age, race/ethnicity, cancer stage, grade, tumor size, and number of comorbidities.
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