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English Abstract

Background and aims: Only few studies analyzed the cost of endoscopic resection (ER) and surgical
resection (SR) in the treatment of submucosal colorectal cancer (SMCRC). We performed a detailed
cost analysis of ER and SR for SMCRC.

Methods: Medical records of 484 patients with SMCRC who underwent ER or SR were reviewed.
The total costs during index admission and follow-up as well as clinical outcomes between the two
groups were compared in the whole cohort and propensity score-matched cohort.

Results: In propensity score-matched analysis (n = 155 in each group), the ER and SR groups did not
show significant differences in the rates of procedure-related adverse events (6.5% vs 3.9%, P =.304)
and recurrence (0.6 % vs 1.3 %, P > .99). Readmission was more common in the ER group (40.6% vs
11.0%, P <.001) because 64 (41.3%) patients underwent additional surgery for endoscopic non-
curative resection. The ER group had a lower cost during the index admission (1335.6 vs 6698.4
USD, P <.001), whereas the SR group had a lower cost during follow-up (2488.7 vs 5035.7 USD, P
<.001). The total cumulative cost was lower in the ER group (6371.3 vs 9187.1 USD, P <.001). The
same trend was observed in the whole cohort without propensity score-matching.

Conclusions: The total cumulative cost for treatment and follow-up for SMCRC was lower in the ER
group, which had comparable oncologic outcomes as the SR group. ER can be considered a cost-

effective option for initial treatment for SMCRC.
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1. INTRODUCTION

As screening colonoscopies have become popular, the number of patients diagnosed with early
colorectal cancer (CRC) has increased.! Current international guidelines recommend endoscopic
resection (ER) for early CRC with a low risk of lymphatic metastasis and surgical resection (SR) for
early CRC with unfavorable histological features.? This recommendation is based on the similar
clinical outcomes after ER and SR for early CRC without unfavorable histological features.** In our
previous study, we also showed that the long-term oncological prognosis after ER for superficial
submucosal CRC (SMCRC) with favorable histological features was comparable to that after SR.
Thus, with the recent development in endoscopy equipment and techniques, ER is considered a good
treatment option not only for mucosal CRC but also for superficial SMCRC.®

In addition to oncological outcomes, however, several other factors such as cost and quality of life
should be considered in deciding the treatment method for SMCRC in clinical practice. Several
studies reported that ER has superior cost-effectiveness compared with SR in the treatment of large
complex colorectal polyps.” However, these studies analyzed the cost-effectiveness mainly in benign
colorectal polyps and their conclusion cannot be directly applied in patients with SMCRC. Therefore,
a targeted cost analysis of ER and SR in the management of SMCRC is needed to determine the best
treatment option in terms of both oncological outcomes and economic standpoint in clinical practice.
We therefore performed a comparative cost analysis in addition to clinical outcomes in patients with

SMCRC during the index admission and follow-up after ER or SR.

2. MATERIALS and METHODS
2.1. Patients
This was a retrospective observational study that included patients who underwent ER or SR for
SMCRC at Asan Medical Center in Seoul, South Korea, between July 2003 and July 2015. Data on
patients who underwent ER as the initial treatment for SMCRC were retrieved from the colonoscopy
report database of our center. Patients with non-adenocarcinoma, concurrent or history of other
malignancies, hereditary CRC, or synchronous or metachronous CRC were excluded. Patients who

had previously undergone colorectal surgeries were also excluded. Furthermore, we excluded patients



without detailed information on the histopathological results and/or cost data and those who were not
followed up for more than one year. Finally, a total of 242 patients were included in the ER group.
Out of the 1,349 patients who had undergone SR as the initial treatment for SMCRC during the same
period, 242 patients were randomly selected using the IBM SPSS Statistics for Windows, version 21.0
(IBM Corp., Armonk, NY, USA) and were included in the SR group (Fig. 1). All ER and SR
procedures were performed after obtaining informed consent. This study was approved by the

institutional review board of Asan Medical Center (No. 2017-0793).

2.2. Endoscopic resection

SMCRC was morphologically classified as polypoid or non-polypoid (including laterally
spreading lesions) using the Paris classification.!” Suspected SMCRC lesions were evaluated using
chromoscopy and narrow-band imaging when available, and ER was performed only in cases with a
low probability of deep submucosal invasion.!"!> ER was performed by either endoscopic mucosal
resection or endoscopic submucosal dissection at the endoscopist’s discretion according to the size
and morphology of SMCRC. Generally, lesions > 20 mm in diameter, for which en bloc resection
using conventional ER techniques is considered difficult, were the main indication for endoscopic
submucosal dissection. The detailed procedural steps for endoscopic submucosal dissection are
described in our previous report.'> All ER procedures were performed on an inpatient basis by board-
certified gastrointestinal endoscopists. Patients were discharged on the day after the ER procedure in

the absence of complications.

2.3. Surgical resection

Surgical resection was performed en bloc after ligation of major feeding vessels, followed by
lymph node dissection. All surgical procedures were performed by board-certified colorectal
surgeons. Both open and laparoscopic surgeries were performed during the study period.
Laparoscopic surgery was performed for colon cancers since the mid-2000s and since 2009 for rectal
cancers. Patients were discharged when charged physicians decided them recovered sufficientlywith a

tolerable diet for 24 hours, no analgesics, safe ambulation, and an afebrile status without major



complications.

2.4. Histopathological evaluation

Histological diagnoses were made based on the World Health Organization criteria by board-
certified gastrointestinal pathologists for both ER and SR specimens. The degree of differentiation,
depth of invasion, and lymphovascular invasion were evaluated microscopically. Tumor stage was
assessed according to the criteria of the 7" edition of the American Joint Committee on Cancer

(AJCC) TNM classification system.'*

2.5. Follow-up schedule

In the ER group, additional surgery with lymph node dissection was performed if the ER specimen
showed unfavorable histological features such as positive lateral and/or deep resection margins,
poorly differentiated histology, evidence of lymphovascular invasion, and invasion depth greater than
1,000 pm from the muscularis mucosa.'® If the surgical specimen showed metastatic lymph nodes,
adjuvant chemotherapy was performed.'® In the SR group, adjuvant chemotherapy was also
administered in cases with positive metastatic lymph nodes in the surgical specimen.

In the ER group, the first surveillance endoscopy (sigmoidoscopy and/or colonoscopy) was
performed approximately one year after curative en bloc resection and around six months after
piecemeal resection. The intervals for subsequent surveillance endoscopies were individualized in
accordance with the first surveillance endoscopy findings. Abdominopelvic and chest CT scans were
conducted annually up to five years post-procedure. These intervals were shortened if clinically
indicated.

In the SR group, the first surveillance endoscopy was performed approximately one year after
surgery, and subsequent surveillance endoscopies were usually performed at three and five years after
surgery. Abdominopelvic and chest CT scans were conducted annually up to five years. Intervals for

endoscopies and CT scans were shortened if clinically indicated.


http://www.sciencedirect.com.ssl.libproxy.amc.seoul.kr:8000/topics/medicine-and-dentistry/cancer-staging
http://www.sciencedirect.com.ssl.libproxy.amc.seoul.kr:8000/topics/medicine-and-dentistry/cancer-staging

2.6. Clinical outcomes

In the ER group, procedure-related outcomes including en bloc resection rate, curative resection
rate, and adverse events were investigated. En bloc resection was defined as resection in a single
piece. Curative resection was defined as en bloc resection with no unfavorable histological features
such as positive resection margins, deep submucosal cancer invasion (i.e., >1,000 um from the
muscularis mucosa), lymphovascular invasion, poor differentiation, and tumor budding. In the SR
group, curative (RO) resection was histologically defined as no residual cancer in the surgical
resection margins.

We also investigated readmission in both the ER and SR groups, which was usually necessary for
subsequent surgery for non-curative ER, ileostomy take-down, and management of complications and
recurrence. Cancer recurrence was also investigated. Recurrences were classified as local or
metastatic; of those, local recurrence was defined as cancer recurrence at the resection site in the ER
group and recurrence at operative bed incluiding anastomosis in the SR group, and metastatic

recurrence was defined as metastasis to lymph nodes and/or distant organs such as the liver and lung.

2.7. Cost analysis

We investigated the direct medical costs in the ER and SR groups. Direct costs during the index
admission included those related to diagnosis, treatment and patient care (e.g., admission, procedure,
operating room, nursing care, and consumables), procedural instruments, medicine, laboratory tests,
and radiological imaging tests. The daily cost for a room was assigned as the cost for the same level
room (a room with two beds for two patients, 180.2 USD per night) in all patients regardless of the
level of rooms in which they had stayed.

Costs during the follow-up period were also investigated, which included outpatient clinic fees and
costs for surveillance endoscopy and radiological tests. The costs of readmission were also included in
the costs during the follow-up period. Total costs for readmission was divided by the total number of
patients. All costs are expressed in US dollars (USD) at the August 2020 exchange rate (1,180 KRW =

1 USD).



2.8. Statistical analysis

Continuous variables are expressed as mean * standard deviation (SD) and categorical variables
are expressed as number and percentage (%). Continuous parameters were analyzed using Student’s #-
test or the Mann—Whitney U test, whereas categorical variables were compared using the x> test or
Fisher’s exact test, as appropriate.

To reduce the effect of selection bias, we performed a propensity score matching analysis between
the two groups. Propensity scores were estimated by using a logistic regression model with the
following covariates: age, sex, tumor size, gross morphology of tumor, tumor location, and
unfavorable histological features. By using these propensity scores, patients who underwent ER were
matched individually to patients who underwent SR.

P values smaller than .05 in two-sided tests were considered statistically significant. All statistical

analyses were performed in the IBM SPSS Statistics for Windows, version 21.0 (IBM Corp.).

3. RESULTS

3.1. Baseline characteristics of the patients

A total of 484 patients with SMCRC were included in the final analysis (242 each in the ER and
SR group). In the ER group, endoscopic mucosal resection (131; 54.1%) was the most common
procedure, followed by endoscopic submucosal dissection (100; 41.3%). In the SR group,
laparoscopic surgery and open surgery were performed in 149 (61.6%) and 93 (38.4%) patients,
respectively. Anterior resection was the most common surgical procedure (157; 64.9%). Age, sex,
tumor location, and presence of unfavorable histological features were not significantly different
between the ER and SR groups. However, the mean tumor size was larger in the SR group (23.7 +
13.3vs 20.6 £ 10.2 mm; P = .004), and polypoid lesion was more common in the SR group as well
(81.0% vs 67.8%, P = .001).

After propensity-score matching, 155 patients were included in the ER and SR groups,
respectively. All baseline characteristics were well-balanced between the propensity score-matched
groups. Baseline characteristics of the overall and propensity score-matched cohorts are summarized

in Table 1.



3.2 Clinical outcomes during the index admission

In the ER group, the rates of en bloc resection and curative resection were 91.3% (221/242) and
52.1% (126/242), respectively. The most common cause of non-curative resection was deep
submucosal invasion (65.5%). In the SR group, curative RO resection was performed in all patients.
Complications occurred in 17 patients (7.0%) in the ER group and 14 (5.8%) in the SR group (P
=.578). The complications in the ER group included perforation (n = 13) and delayed bleeding (n =
4), all of which were successfully managed by endoscopic treatment. The complications in the SR
group included ileus (n = 9), bleeding (n = 2), anastomotic leak (n = 2), and defecation disorder (n =
1). Hospital stay was longer in the SR group than in the ER group (8.2 + 2.6 vs 2.2 + 1.4 days, P
<.001).

The propensity score-matched cohort showed similar findings to those of the overall cohort.
Complication rates were similar between both groups, whereas the hospital stay was still longer in the
SR group (P < .001). Table 2 summarizes the clinical outcomes during the index admission in both

groups.

3.3 Clinical courses during the follow-up period after ER and SR

The mean follow-up duration was similar between the ER and SR groups (49.1 £ 16.0 vs 48.4 +
15.9 months, P = .633) (Table 3). Although the number of visits to the outpatient clinic was higher in
the ER than SR group (8.1 £3.1 vs 7.4 + 2.8, P =.031), the total number of surveillance endoscopies
was not significantly different between both groups (2.8 £ 1.4 vs 2.7 = 1.4, P = .234). The rate of
readmission was significantly higher in the ER group (45.9% vs 12.0%, P < .001); the most common
reason for readmission was additional surgery after endoscopic non-curative resection (n = 109) in the
ER group and ileostomy take-down (n = 16) and treatment of complications (n = 11) in the SR group.
Cancer recurrence was noted in one (0.4%) patient in the ER group and three (1.2%) patients in the
SR group (P =.623).

In the propensity score-matched cohort, all findings in terms of clinical courses after initial

treatment of SMCRC were not significantly different between the ER and SR groups, except for a



higher rate of readmission in the ER group (P < .001) (Table 3).

3.4. Cost during the index admission and follow-up period

In the overall cohort, the total cost during the index admission for initial resection procedures was
significantly lower in the ER group than in the SR group (1338.7 + 928.0 vs 6759.9 + 1264.9 USD, P
<.001). The cost for the resection procedure itself was lower in the ER group as well (848.4 + 623.5
vs 3697.9 £ 1074.8 USD, P <.001). Furthermore, the costs for room, medicine, and radiological tests
were also lower in the ER group (Table 4).

In contrast, the costs for examination, medicine, radiological tests, and surveillance endoscopy
during follow-up were not significantly different between the two groups. However, the cost for
readmission was notably higher in the ER group (3477.8 + 5569.1 vs 492.0 + 1521.0 USD, P < .001).
Consequently, the total cost during the follow-up period was significantly higher in the ER group
(Table 4). Despite the higher cost in the ER group during follow-up, the cumulative cost for
management of SMCRC for five years was consistently lower in the ER group because of the
remarkably lower cost during the index admission (Fig. 2).

Cost analyses in the propensity score-matched cohorts showed similar findings to those of the
overall cohort. The total cost during the index admission was remarkably lower in the ER group, and
the total cost during follow-up was higher in the ER group largely due to the high readmission cost,
although the cost of surveillance endoscopy was slightly lower in the ER group (Table 4). Thus, the
cumulative cost for the management of SMCRC for five years was consistently lower in the ER group

in the propensity score-matched cohort as well (Fig. 3).

DISCUSSION

In our comparative cost analysis between ER and SR for the treatment of SMCRC, the total

cumulative cost for more than four years was significantly lower in the ER group due to the



remarkably lower cost during the index admission, despite a slightly higher cost during follow-up.
Long-term oncological outcomes such as cancer recurrence were not significantly different between
the two groups. Therefore, in terms of cost-effectiveness, ER was superior to SR in the management
of SMCRC.

Although ER has been increasingly performed for the treatment of SMCRC, only few studies
compared the cost-effectiveness between ER and SR for SMCRC. A previous study reported that
endoscopic management was more cost-effective than surgery for large laterally spreading lesions >
20 mm;’ however, this study was a modeled comparison of the cost-effectiveness of ER with that of a
hypothetical SR group, and included only a few cases of early colorectal cancer. Another modeled
analysis for complex colon polyps in the US reported similar findings.® A multicenter study in the
Netherlands including 204 patients with large rectal adenomas compared the cost-effectiveness
between endoscopic mucosal resection and transanal endoscopic microsurgery, and showed that
endoscopic mucosal resection had a superior cost-effectiveness.® These previous studies suggested
that ER may be superior to SR in terms of cost-effectiveness for the management of colorectal polyps.
However, these studies did not include a sufficient number of patients with early colon cancer, and
thus the cost-effectiveness of ER in comparison to SR in the management of SMCRC could not be
determined. In our study, we selectively included patients with SMCRC and the number of patients in
each group was sufficiently high (n = 242 in each group). Moreover, we analyzed both the cost
generated during the initial resection procedures and that during follow-up for more than four years.
Based on our systematic analyses, we suggest that ER can be a practical initial treatment option for
SMCRC not only in terms of oncological outcomes but also in economical sense.

The cost during the index admission was remarkably higher in the SR group, which likely
stemmed from the markedly higher costs of SR procedures and significantly longer hospital stay in
the SR group. Considering the different costs of SR and ER procedures among countries,'’ this result
may be even more pronounced in different healthcare systems. The cost during follow-up was higher
in the ER group, which was largely due to the relatively frequent readmission in the ER group.
Because most cases of readmission was related to additional surgery after endoscopic non-curative

resection, the cost for readmission in the ER group occurred mostly in the first year of follow-up.



Therefore, the difference in cumulative costs between the ER and SR groups decreased in the first
year of follow-up (Fig. 2 and 3). Such difference in cumulative costs did not further decrease over the
years because other costs such as doctor’s fee at the outpatient clinic visit and surveillance endoscopy
cost were not notably different between the two groups. Consequently, the 3-year and 5-year
cumulative costs were consistently higher in the SR group.

In terms of clinical outcomes, there were no significant differences in the rate of complication and
recurrence between the two groups. The recurrence rate of 0.4% in the ER group in our study is
comparable to those reported in previous studies.>!82° Therefore, our results suggest that additional
surgery may be beneficial for achieving good oncological outcomes after ER for suspected SMCRC if
the resected specimen shows unfavorable histological features. In our study, 46.7% of patients in the
ER group needed additional surgery because of endoscopic non-curative resection, for which deep
submucosal invasion was the most common (65.5%) reason. In a previous meta-analysis of eight
studies comparing endoscopic submucosal dissection and endoscopic mucosal resection for the
treatment of colon neoplasms, the main reason for additional surgery was also deep submucosal
invasion (64.7%).%

Because more frequent readmission for additional surgery was an important cause for the higher
cost during follow-up in the ER group, the cost-effectiveness of ER may be improved if additional
surgery can be reduced by minimizing false prediction of deep SMCRC as superficial SMCRC. A
previous study supported this hypothesis by reporting that selective endoscopic submucosal dissection
strategy became less costly and more effective when the performance of endoscopic lesion assessment
was enhanced.!’ Currently, image-enhanced endoscopy such as narrow-band imaging is the most
commonly used method for endoscopic assessment of submucosal invasion.??2* However, the
diagnostic accuracy in the differential diagnosis between superficial and deep SMCRC is not
satisfactory and is affected by the morphological types of colorectal lesions.?? Further studies and
improvement in the endoscopic assessment of invasion depth are required for a more cost-effective
ER for suspected SMCRC.

There were differences in several baseline characteristics between the two groups, such as the

larger tumor size and more common polypoid lesion in the SR group. We performed a propensity



score matching analysis to overcome the effect of these differences in baseline characteristics, and
found that the propensity score-matched cohort showed similar findings in most analyses to those in
the overall cohort. We suggest that the consistency in the results between the overall cohort and the
propensity score-matched cohort has important clinical implications. First, the overall cohort may be
accurately representing the real-life clinical situation, in that large polypoid bulky lesions may be
treated more commonly by SR. Thus, the lower cumulative cost in the ER group in the overall cohort
may suggest a better cost-effectiveness of ER in the management of SMCRC in daily clinical practice.
Second, the analyses in the propensity score-matched cohort represent the fair comparative results
between ER and SR groups, which may imply that ER can be the initial treatment choice even in
cases with large bulky lesions and suspected histology of superficial SMCRC, provided that
successful ER is deemed technically feasible.

The present study has several limitations. First, the cost analysis in our study was based on the
healthcare system in South Korea. Medical costs are significantly affected by the patterns in clinical
practice, which are determined by the respective healthcare system such as medical resources and
budgets. Therefore, our results may not be uniformly applicable in other countries with different
healthcare systems. Our findings in the current study should be interpreted with caution by
considering the cost for each procedure in a particular healthcare system. Second, as this was a
retrospective study, it could have various biases such as the choice of treatment method between ER
and SR even though we performed propensity score matching analyses to reduce the influence of such
possible confounding factors. Third, we did not investigate indirect costs such as the opportunity cost
for hospital stay and readmission. Despite these limitations, we believe that our findings are
meaningful because, to the best of our knowledge, our study is the first comparative cost analysis
between ER and SR in the management of SMCRC.

In conclusion, ER showed a lower cumulative cost during initial resection procedures and follow-
up for more than four years compared with SR in the management of SMCRC. Considering the
similar long-term clinical outcomes including cancer recurrence, ER can be considered a more
practical option for initial treatment in cases with suspected superficial SMCRC. A more accurate

prediction of submucosal invasion depth to avoid unnecessary additional surgery may be needed to
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further improve the cost-effectiveness of ER in cases with suspected superficial SMCRC.
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