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Abstract

Purpose Postoperative adhesions can be prevented by the use of bioabsorbable anti-adhesion barriers. Although the occur-
rence of postoperative bowel obstruction is an important concern for patients, at the time of approval of anti-adhesion bar-
riers, its effectiveness in preventing postoperative bowel obstruction had not been evaluated. We aimed to retrospectively
evaluate the incidence of bowel obstruction after colectomy in patients with colon cancer using an insurance claims database.
Methods This retrospective cohort study analyzed the data of colon cancer patients (between 2005 and 2017 from a national
insurance claims database) who underwent colectomies to compare the proportion of individuals with postoperative bowel
obstruction between the barrier and no barrier groups.

Results Of the 587 patients who met the inclusion criteria, 308 and 279 patients were identified as the barrier and no barrier
groups, respectively. The incidence of postoperative bowel obstruction was significantly lower in the barrier group (log-rank
test, P=0.0483). The cumulative incidence of postoperative bowel obstruction 37 months after the initial colectomy was
6.1% and 10.9% in the barrier and no barrier groups, respectively. Moreover, consistent results were obtained in the matched
cohort.

Conclusion In colectomies for patients with colon cancer, the use of anti-adhesion barriers could significantly reduce the
incidence of postoperative bowel obstruction. Evaluations using insurance claims databases could provide important infor-
mation on outcomes following implementation of medical devices.

Keywords Postoperative adhesions - Anti-adhesion barriers - Colectomy - Bowel obstruction - Real-world data

Introduction

Postoperative adhesions occur commonly and frequently
after various abdominal surgical procedures, such as after
93-100% and 67-93% of upper and lower gastrointestinal
surgeries, respectively [1]. In extreme cases, adhesions can
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cause postoperative bowel obstruction (PBO), resulting in
prolonged hospitalization or reoperation. Approximately
60% of bowel obstructions are caused by postoperative
adhesions. This poses a huge mental, physical, and eco-
nomic burden on patients and their caregivers [2—5]. The
mean duration of hospitalization for PBO was reported to
be 16.3 and 7.0 days for surgical treatment and conservative
treatment, costing £4,677.41 and £1,6006.15, respectively
[6].

The prevention of postoperative adhesions is the best
strategy to prevent PBO, and one strategy for the prevention
of postoperative adhesions is the use of a bio-absorbable
anti-adhesion barrier during surgery. Currently, in Japan,
four medical devices, namely Seprafilm® (a film product
containing sodium hyaluronate and carboxymethylcellu-
lose; Baxter, Chicago, IL, USA), Interceed® (a cloth-like
sheet of oxidized regenerated cellulose; Johnson & Johnson,
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New Brunswick, NJ, USA), Ad Spray® (a spray gel of
N-hydroxysuccinimidated carboxymethyl dextrin/treha-
lose hydrate; Terumo, Tokyo, Japan), and Tenaleaf® (a film
product of gelatin derived from swine skin; Gunze, Tokyo,
Japan) have been approved. Although the main ingredients
of the products differ, all four products transform into a gel
at the surgical site, work as adhesion barriers, and are bio-
degradable and absorbable.

Considering the characteristics of these medical devices,
their efficacies were assessed by their preventive effects
against postoperative adhesions and not against PBO in
clinical trials. The primary endpoints of previous clinical
trials were occurrence, area, the severity of postoperative
adhesions in patients after total colectomies with ileosto-
mies, and pelvic peritoneal adhesions in patients with rec-
tal cancer or after uterine myomectomies [7—10]. It has
been reported that Seprafilm® significantly decreased the
occurrence and total area of postoperative adhesions and
the reoperation rate of abdominal surgery in patients with
inflammatory bowel disease. However, it showed no obvi-
ous preventive effect against the occurrence of PBO, mainly
due to the low incidence of PBO [11, 12]. To clarify the
effectiveness of anti-adhesion barriers against PBO, more
patients may have been needed, which is not ideal for clini-
cal trials. To the best of our knowledge, there is no medi-
cal evidence that the intra-operative use of a bioabsorbable
anti-adhesion barrier prevents PBO. Although the preven-
tive effects against postoperative adhesions were shown for
the purpose of receiving approval, their preventive effects
against PBO are still unknown.

The occurrence of PBO is an important concern for
patients, especially those with high co-morbidity, and there-
fore, it is of great significance to evaluate.

In this study, we focused on patients who underwent
colectomies for colon cancer because this surgical opera-
tion has a high risk of PBO [13, 14]. We used real-world
data from a Japanese nationwide health insurance claims
database. In Japan, a universal health insurance system has
been adopted, and insurance claims data can be treated as
a registry of long-term medical records. These large data-
sets were expected to provide a sufficient number of cases
without exposing patients to the risk of being placed in the
no-treatment arm in clinical trials in order to evaluate the
impact of anti-adhesion barriers on PBO.

Methods

The study protocol was approved by the Ethics Commit-
tees of the Pharmaceuticals and Medical Devices Agency
(approval number: R02-1, May 22, 2020) and Gifu Pharma-
ceutical University (approval number: 22, July 31, 2020).
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The requirement for informed consent was waived due to
the untraceable and anonymous nature of the data.

Data Sources

This retrospective cohort study used an anonymized nation-
wide claims database constructed by the Japan Medical
Data Center (JMDC) (Tokyo, Japan). JMDC has anony-
mized monthly billing receipts collected from hospitals,
clinics, and pharmacies, providing datasets that make it
possible to track individual data [15]. Data from January
2005 to December 2017 were collected, which included
data from 25 health insurance associations on 1.9 million
people insured under 75 years of age and their families. This
constituted 1.5% of the Japanese population. Each product
has been used in Japan since 1991 for Interceed®, 1997 for
Seprafilm®, 2016 for Ad Spray®, and 2021 for Tenaleaf®.
This means that the use of Interceed®, Seprafilm®, and
Ad Spray® were included in the data of this study. In this
study, the codes based on the International Classification of
Diseases, 10th Edition (ICD-10), Anatomical Therapeutic
Chemical, and medical device billing, medical procedure
and surgery fee codes are denoted in brackets.

Study Cohort

Patients who underwent their first colectomy (K719 as sur-
gery fee code) between January 2005 and December 2017
were included. The following patients were excluded from
the analysis: those with receipt records less than 6 months
prior to surgery, those with no diagnosis of colon cancer
(C108-C189) prior to surgery, and those with insufficient
information on the date of surgery. The selected patients
were classified as follows: “group with an anti-adhesion bar-
rier (Barrier group)” and “group without an anti-adhesion
barrier (No barrier group),” according to the use of anti-
adhesion barriers (730,840,000, 710,011,008, 710,011,009
as medical device billing code).

Outcome Measures

The primary outcome measure was the occurrence of
PBO. PBO was defined as long tube insertion for ileus
(140,007,010 as procedure fee code) or bowel obstruc-
tion surgery (150,180,210, 150,180,350, 150,180,650,
150,180,750, 150,180,850, 150,180,950, 150,271,550,
150,299,350 as procedure fee code). Baseline demographics
included age, sex, follow-up period, previous intra-abdom-
inal surgery, simultaneous surgeries, pre-/postoperative
radiotherapy, history of diabetes, and postoperative chemo-
therapy. Radiotherapy was defined as the implementation
of radiotherapy (M001-MO005), and a history of diabetes
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mellitus (DM) was defined as the presence of prescribed
DM medications (A10). Patients with type 1 and type 2
DM were not distinguished in this study. Considering that
postoperative chemotherapy is recommended for patients
with high-risk stage II and III cancer [16], the presence
or absence of prescriptions for anti-cancer agents (LO1)
within 3 months after surgery was included as supplemental
information regarding the cancer stage. These items were
selected based on patient backgrounds in previous studies
[12,17].

Statistical Analyses

Data of patients who withdrew their insurance were consid-
ered censored. Continuous variables are expressed as medi-
ans and interquartile ranges (IQRs). Categorical variables
are expressed as absolute numbers and percentages (%).
Continuous and categorical variables were compared using
the Mann—Whitney U and chi-squared tests, respectively.
To balance patient backgrounds, propensity score match-
ing was performed when the standardized mean difference
between groups exceeded 0.1. Kaplan—Meier analysis was
performed to evaluate the differences in the cumulative inci-
dence of PBO, the primary endpoint, and a log-rank test was
performed. P-values less than 0.05 were considered statisti-
cally significant. JMP Clinical 8.0 (SAS Institute Inc., Cary,
NC, USA) was used for the statistical analysis.

Results

From claims data of 1.9 million people from 2005 to 2017,
we identified 973 patients who underwent colectomy and
excluded 386 patients based on at least one exclusion cri-
terion. A total of 587 patients were eligible, of which 308
had anti-adhesion barriers and 279 did not (Fig. 1). Because
the standardized mean difference between groups at base-
line exceeded 0.1, we performed propensity score matching.
Covariates were age, sex, previous abdominopelvic surgery,
simultaneous surgeries, radiotherapy, postoperative radio-
therapy, DM, and postoperative chemotherapy, and the pro-
pensity score was calculated by logistic regression analysis.
Tables 1 and 2 summarize the patient characteristics in the
unmatched cohort and matched cohort, respectively.

Overall, the median follow-up period was 26 months
(IQR: 11.0-52.0) for both the unmatched and matched
cohorts.

Figure 2 shows the primary endpoint findings of the
unmatched cohort. The cumulative incidence of PBO
throughout the follow-up period, the primary endpoint, was
significantly lower in the group with barriers (log-rank test,
P=0.0483). The cumulative incidence of PBO, 37 months
after the initial colectomy (when the last PBO occurred),
was 6.1% and 10.9% in the barrier and no barrier groups,
respectively. Figure 3 shows the primary endpoint findings
of the matched cohort. The cumulative incidence of PBO
throughout the follow-up period, the primary endpoint, was
significantly lower in the group with barriers (log-rank test,
P=0.0153). The cumulative incidence of PBO, 32 months
after the initial colectomy (when the last PBO occurred),

Fig. 1 Patient selection flowchart
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Table 1 Characteristics of colon cancer patients (Unmatched Cohort)

Barrier No barrier P value Std
group group Diff
Number of patients 308 279 - -
Age (Year) 56 (IQR: 55 (IQR: 0.5252 0.03
47.3-62.0) 47.0-61.0)
Male (n) 190 (61.7%) 177 0.6614 0.03
(63.4%)
Follow-up period 26 (IQR: 27 (IQR: 0.8554 0.03
(Month) 11.0-52.8) 11.0-52.0)
Experience in abdomi- 34 (11.0%) 39 (14.0%) 0.2811 0.09
nopelvic surgery (n)
Simultaneous surgeries 61 (19.8%) 41 (14.7%) 0.1027 0.14
()
Radiotherapy (n) 11 (3.6%) 16 (5.7%)  0.2115 0.10
Postoperative radio- 16 (5.2%) 18 (6.5%)  0.5151 0.06
therapy (n)
Diabetes (n) 59 (19.2%) 59 (21.2%) 0.5478 0.05
Postoperative chemo- 146 (47.4%) 116 0.1562 0.12

therapy (n) (41.6%)

IQR: interquartile range. Std Diff: standardized differences

Table 2 Characteristics of colon cancer patients (Matched Cohort)

Barrier No barrier P value Std
group group Diff
Number of patients 256 256 - -
Age (Year) 55.5(IQR:  55(IQR: 0.5562 0.03
49.0-61.0) 47.0-61.0)
Male (n) 164 (64.1%) 165 (64.5%) 0.9265 0.01
Follow-up period 25.5(IQR: 27 (IQR: 0.6703 0.04
(Month) 11.0-52.75)  11.0-51.75)
Experience in abdomi- 27 (10.5%) 28 (10.9%) 0.8865 0.01
nopelvic surgery (n)
Simultaneous surgeries 38 (14.8%) 38 (14.8%) 1.0000 0.00
()
Radiotherapy (n) 9 (3.5%) 11 (4.3%) 0.6480 0.04
Postoperative radio- 13 (5.1%) 12 (4.7%) 0.8375 0.02
therapy (n)
Diabetes (n) 53(20.7%) 51(19.9%) 0.8261 0.02

Postoperative chemo-
therapy (n)

IQR: interquartile range. Std Diff: standardized differences

110 (43.0%) 112 (43.8%) 0.8584 0.02

was 5.1% and 11.8% in the barrier and no barrier groups,
respectively.

Discussion

This study used an anonymized insurance claims database
to evaluate the efficacy of anti-adhesion barriers in prevent-
ing PBO in patients with colon cancer undergoing colecto-
mies. To the best of our knowledge, this is the first study
to assess the preventive efficacy of anti-adhesion barriers
against PBO after colectomies. The study found a signifi-
cant reduction in the incidence of PBO after the first colec-
tomy with the use of an anti-adhesion barrier compared with
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the use of no anti-adhesion barrier. Conducting a random-
ized controlled trial on a medical device that has already
been approved is difficult from a patient-ethics perspective.
This study is unique in that the long-term effectiveness of
anti-adhesion barriers for PBO was evaluated using real-
world data.

The strength of this study lies in its objective and rigor-
ous definition of the target patients and outcomes. In this
study, eligible patients and outcomes were defined using
procedure codes. Although the Japanese claims database
has a high specificity regarding codes for procedures, pre-
scriptions, and devices, it has been noted that diagnostic
names may contain “provisional diagnoses” for billing pur-
poses and that codes must be combined [18, 19]. Outcomes
were evaluated based on this objective definition, so the risk
of detection bias was low.

In a previous study conducted on patients with colorec-
tal cancer treated with colorectal resection, the incidence
of PBO occurring beyond 30 days and up to 20 months
(when the last PBO occurred) was 2.7% and 4.6% in the
Seprafilm® and control groups, respectively [17]. In the
present study, the cumulative incidence of PBO in the
unmatched cohort was 6.1% in the group with barriers and
10.9% in the group without barriers, compared to 5.1% in
the group with barriers and 11.8% in the group without bar-
riers in the matched cohort. These cumulative incidences of
PBO were both higher than in a previous study. One reason
for this difference is presumably that this study could not
exclude PBO caused by cancer progression due to the lack
of information in the datasets. We believe that this does not
affect our conclusions because PBO caused by cancer pro-
gression occurs in both the barrier and no barrier groups.

Another study conducted on patients with colon cancer
treated with colectomies reported that 7.8% and 10.6%
of patients in the Seprafilm® and control groups, respec-
tively, had PBO [20], which was generally consistent with
our results. In this study, both groups showed a continu-
ous increase in the incidence of PBO over approximately
3 years. This trend is similar to those reported in previous
studies [12, 20]. Postoperative adhesion formation may
contribute to the development of PBO after several years
after surgery, and long-term observation may be necessary
to evaluate PBO.

Note that there have been changes in the treatment of
colorectal cancer between 2005 and 2017 in terms of the
increase in laparoscopic surgery and the first approval of
molecularly targeted drugs in 2007 [21, 22]. However, these
occurred in both the barrier and no barrier groups, and there-
fore, we do not consider them to affect our conclusions.

Laparoscopy with a scheduled second look is the primary
method of evaluating and diagnosing adhesions by visual-
ization of their presence and extent [23]. In terms of this
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technique, it has been noted that although a single band of
adhesive tissue can cause PBO, extensive and dense intra-
abdominal adhesions may also be asymptomatic [24]. How-
ever, the more important clinically relevant outcomes are
PBO and operative time for reoperation, which are difficult
to compare in prospective trials owing to the diversity of
causes and the need for long-term follow-up data [25]. From
a health-economic perspective, hospitalization for PBO
reportedly costs approximately €2,000 for non-operative

cases and €16,000 for cases requiring surgery [26], empha-
sizing the importance of evaluating clinically relevant
outcomes, such as PBO. PBO is a significant mental and
physical burden for patients, and it is significant to evalu-
ate the occurrence of PBO as an outcome. The insurance
database is unique in that it can identify the same individual
even if he or she has been treated at different medical insti-
tutions within the same health insurance association enroll-
ment period. In addition, data pertaining to procedure fees,
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drug prescriptions, and the use of specific insured medical
devices are reflected with extreme accuracy, as reimburse-
ment is not available unless a claim is filed. Evaluation
using insurance claims databases may be useful for issues
where the procedure is the endpoint and long-term follow-
up is required and may help to compensate for aspects of
efficacy that are difficult to assess using clinical trials alone.
The limitations of this study are mentioned below.

e The data we analyzed did not include medical informa-
tion, such as laboratory, imaging, and physical findings
of the patients, or the diagnosis of symptoms and stage
of the disease by the healthcare provider; these require-
ments have not been considered. Therefore, it was not
possible to determine whether PBO was caused by ad-
hesions resulting from surgery or by other factors (e.g.,
aggravation of the underlying disease). Determination
of the cause of PBO could help in the reduction of its
incidence. We do not believe that our conclusions are
affected by this limitation since aggravation of the un-
derlying disease occurs in both the barrier and no barrier
groups.

e No surgical information was provided. Therefore, infor-
mation on the location of the placement of anti-adhesion
barriers was not collected. A drawback of anti-adhesion
barriers is that their actions are limited to the site of
placement [24]. The effects of different placements are
not reflected in the results. In addition, its direct applica-
tion to intestinal anastomoses has been reported to in-
crease the complications of fistula formation [27]; how-
ever, this disadvantage has not been evaluated.

e Because people over 75 years of age are not eligible
for health insurance coverage by health insurance asso-
ciations, data for these individuals are not included in
the JMDC database [15]. Patients over 75 years of age
should be evaluated using a different data source.

e Data from 25 health insurance associations on 1.9 mil-
lion insured persons under the age of 75 years and their
families, representing 1.5% of the Japanese population,
were used. Data from a limited number of facilities were
used, and thus, it may not be sufficient for generalization.

e Not all potential confounders and risk factors for PBO
were included in the database, and unmeasured factors
have not been adjusted for. Combining this with the data
from another database would provide more accurate
results.

@ Springer

Conclusion

During colectomies for patients with colon cancer, the use
of anti-adhesion barriers could significantly reduce the inci-
dence of PBO compared to the non-use of anti-adhesion
barriers. This study evaluated the effectiveness of these
medical devices using outcomes of interest to patients. This
study provides important information for future research on
medical device evaluation.
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