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HIGHLIGHTS

» We evaluated the cost-effectiveness of selective lymphadenectomy in early-stage endometrial cancer in the US and Korea.
» Selective lymphadenectomy was more cost-effective than routine lymphadenectomy over a reasonable range of variables.
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ABSTRACT

Objective. The aim of this study was to determine the cost-effectiveness of selective lymphadenectomy using
a preoperative prediction model compared to routine lymphadenectomy for patients undergoing surgery for en-
dometrial cancer in the US and Korea.

Methods. We used a modified Markov model to estimate clinical and economic outcomes for newly diag-
nosed, apparent early-stage endometrial cancer patients under two different strategies: (1) selective lymphade-
nectomy, where patients classified as low risk based on the preoperative prediction model did not undergo
complete surgical staging, and (2) routine lymphadenectomy, where all patients underwent complete surgical
staging. Published data were used to estimate the rates of adjuvant therapy and survival. Costs were calculated
from the perspective of US or Korean payers. Cost-effectiveness ratios were analyzed separately using data
from each country.

Results. Base-case analysis indicated that selective lymphadenectomy was less costly ($6454 vs. $7079 in
Korea; $23,995 vs. $26,318 in the US) and more effective (6.91 quality-adjusted life years (QALYs) vs. 6.85
QALYs in Korea; 6.87 QALYs vs. 6.81 QALYs in the US) than routine lymphadenectomy in both countries. This re-
sult was robust in a deterministic sensitivity analysis, with the exception of when the utility scores for patients
with lymphedema were varied. So long as a modest preference for avoiding lymphedema (disutility of 0.04)
was obtained, selective lymphadenectomy remained the dominant strategy.

Conclusions. A selective lymphadenectomy strategy based on a preoperative prediction model was shown to
be more cost-effective than routine lymphadenectomy for endometrial cancer patients in the US and Korea.

© 2014 Elsevier Inc. All rights reserved.
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Until recently, a full standard lymphadenectomy, including pelvic
and paraaortic lymph node dissection, was recommended for all pa-
tients with endometrial cancer. While selective lymphadenectomy has
gained visibility, debate on the value of routine lymphadenectomy
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continues. Two large randomized controlled trials (RCTs) have demon-
strated that comprehensive surgical staging does not improve
progression-free or overall survival [1,2]. Current guidelines recom-
mend a more selective and tailored lymphadenectomy approach in
early-stage endometrial cancer [3]. The extent of surgical staging can
be determined based on preoperative and intraoperative findings. In
an effort to balance the risks and benefits of lymphadenectomy, predic-
tion models have been developed to identify patients that might benefit
from lymphadenectomy. Although no consensus exists on the definition
of a “low-risk” patient for lymph node metastasis, several researchers
have shown that the prevalence of nodal metastasis in this low-risk
group is negligible [4-6].

The cost-effectiveness of various strategies for lymphadenectomy
has been evaluated [7,8]. Clements et al. demonstrated that a strategy
of selective lymphadenectomy based on intraoperative risk factors
was less cost-effective than routine lymphadenectomy [7]. In addition,
Cohn et al. suggested that surgical staging in all patients was the most
cost-effective strategy compared to no staging and staging based on fro-
zen sections following hysterectomy [8]. However, a prospective study
has shown that lymphadenectomy increased morbidity and the cost of
care without increasing survival rates in patients with low-risk endo-
metrial cancer as defined by Mayo Clinic criteria: Type I histology,
Grade 1 or 2, myometrial invasion <50%, and tumor diameter <2 cm
[9]. When using a triage algorithm, the accuracy of the prediction
model may be the key issue. Recently, the Korean Gynecologic Oncology
Group (KGOG) proposed a preoperative prediction model for lymph
node metastasis using serum CA-125 levels and MRI parameters [5]. A
KGOG model showed good discrimination (area under the receiver op-
erating characteristic curve = 0.85) and a low false negative rate of 1.3%
(95% CI, 0.5-3.3%) with assumed prevalence of nodal metastasis of 10%.
The strong performance of this model was also reproducible in a
Japanese cohort [10].

The aim of our study was to evaluate the cost-effectiveness of a se-
lective lymphadenectomy strategy using a preoperative prediction
model compared to routine lymphadenectomy in endometrial cancer
patients. The results of the cost-effectiveness analysis should be
interpreted with caution as economic studies conducted in one country
may not transfer well to other countries: As healthcare utilization and
costs differ between societies, what is cost-effective in one country is
not necessarily cost-effective in another. The US is one of the few indus-
trialized countries where the federal government is not the primary
payer for healthcare services. Korea implemented the National Health
Insurance (NHI) system, which is currently a single-payer program, in
1989. In 2007, 96% of the Korean population was covered by the NHI
program and the remaining 4% was covered by Medicaid, which is a
public assistance program for those with very low incomes [11]. For
this reason, we also set out to determine whether selective lymphade-
nectomy using a model based on the KGOG criteria was cost-effective
from the perspectives of both healthcare systems.

Methods

The costs and outcomes of the two strategies were evaluated using a
modified Markov model constructed using commercially available soft-
ware (TreeAge Pro Suite, Williamstown, MA). The primary decision anal-
ysis model compared two strategies for the management of newly
diagnosed, apparent early-stage endometrial cancer (Fig. 1): (1) selective
lymphadenectomy based on a preoperative prediction model that used
serum CA-125 levels and MRI parameters and (2) routine lymphadenec-
tomy. Markov states included “disease-free without lymphedema,” “dis-
ease-free with lymphedema,” “cancer survivor without lymphedema,”
“cancer survivor with lymphedema,” and “death.” From years one to
five, patients in the “disease-free” state either remained in the same
Markov state or were reclassified as “death” with each transitional prob-
ability. After a post-treatment period of five years all patients who
remained alive became “cancer survivors.” Patients in the “cancer

survivor” state could also remain in that state or be reclassified as
“death.” The cycle length was one year and the time horizon, 10 years.
For the base model, patients entered the model at 60 years old. We de-
fined “apparent early-stage disease” as no clinically apparent spread be-
yond the uterus based on preoperative physical examination [12]. Costs
and outcomes were discounted by 5% each year.

Strategy 1

All patients underwent preoperative assessment using serum CA-
125 levels and MRI. A patient was classified as having a low risk of
lymph node metastasis and advanced to “hysterectomy without lymph-
adenectomy” if all of the followings condition were met: (1) preopera-
tive MRI image with myometrial invasion less than half the depth of the
myometrium, no enlarged lymph node(s), and no evidence of extra-
uterine spread of disease; (2) serum CA-125 level less than 35 IU/ml;
and (3) preoperative biopsy showing endometrioid subtype. If the as-
sessment did not indicate a low risk of lymph node metastasis, patients
advanced to “hysterectomy with complete surgical staging.” In the base
case, the sensitivity and specificity of the test were estimated at 0.927
and 0.570, respectively, based on external validation results of KGOG
prediction model [10].

Strategy 2

Under Strategy 2 all patients underwent pelvic and paraaortic
lymphadenectomy at the time of hysterectomy.

Clinical estimates

All medical variables used in the decision trees and their origins are
listed in Table 1. The prevalence of patients with metastatic disease in
the retroperitoneal lymph nodes was set at 10% for cases of apparent
early-stage disease [13].

For “disease-free” state, we used the transitional probability of
mortality in endometrial cancer patients that Havrilesky et al. esti-
mated based on results from the SEER database [12,14,15]. They cat-
egorized patients into three cohorts to estimate outcomes:
(1) Cohort 1, patients with Stage III or [V endometrial cancer with
metastatic nodes, fully staged; (2) Cohort 2, those with Stage III or
IV disease, unstaged; and (3) Cohort 3, those with Stage I or Il endo-
metrial cancer, fully staged. For “cancer survivor” state, we assumed
that they have probability of death from the cause other than endo-
metrial cancer. For the nonendometrial cancer mortality rate, we
used age- and sex-specific mortality rates from the general popula-
tion. For Korean cancer survivors we used the age- and sex-specific
mortality rates from 2012 reported by the Korean National Statistical
Office [16]. For US cancer survivors we extracted mortality rates from
the US National Vital Statistics Reports [17].

Under Strategy 1, the sensitivity, specificity, and false positive and
negative rates of prediction model were estimated based on validated
results from Japanese cohorts (Table 1) [5]. The performance of the
KGOG preoperative prediction model indicated four possible scenarios:
true positive, true negative, false positive, and false negative. Overall
survival was modeled as follows: true positive, Cohort 1; false negative,
Cohort 2; and true negative and false positive, Cohort 3. Under Strategy
2 (routine lymphadenectomy), the model was as follows: patients with
nodal metastases who were fully staged, Cohort 1; and patients with
nodal metastasis who had negative nodes, Cohort 3.

We assumed the same conditions for the rates of adjuvant radiother-
apy and chemotherapy as suggested by Havrilesky et al. [12]. The rate of
lymphedema after lymph node dissection for endometrial cancer patients
varies in the literature [18-20]. Based on two randomized controlled tri-
als, a Cochrane Review indicated that the rate of lymphedema was 6.7%
[21]. However, considering the low number of lymph nodes removed in
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