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Abstract

Background & Aims—Despite the availability of endoscopic therapy, many patients in the
United States undergo surgical resection for non-malignant colorectal polyps. We aimed to
quantify and examine trends in the use of surgery for non-malignant colorectal polyps in a
nationally representative sample.

Methods—We analyzed data from the Healthcare Cost and Utilization Project National Inpatient
Sample for the years 2000 through 2014. We included all adult patients who underwent elective
colectomy or proctectomy and had a diagnosis of either non-malignant colorectal polyp or
colorectal cancer. We compared trends in surgery for non-malignant colorectal polyps with surgery
for colorectal cancer and calculated age, sex, race, region, and teaching status/bed-size specific
incidence rates of surgery for non-malignant colorectal polyps.

Results—From 2000 through 2014, there were 1,230,458 surgeries for non-malignant colorectal
polyps and colorectal cancer in the United States. Among those surgeries, 25% were performed for
non-malignant colorectal polyps. The incidence of surgery for non-malignant colorectal polyps has
increased significantly, from 5.9 in 2000 to 9.4 in 2014 per 100,000 adults (incidence rate
difference, 3.56; 95% CI 3.40-3.72), while the incidence of surgery for colorectal cancer has
significantly decreased, from 31.5 to 24.7 surgeries per 100,000 adults (incidence rate difference,
-6.80; 95% CI, —7.11 to —6.49). The incidence of surgery for non-malignant colorectal polyps has
been increasing among individuals 20-79, in men and women and including all races and
ethnicities.
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Conclusions—In an analysis of a large, nationally representative sample, we found that surgery
for non-malignant colorectal polyps is common and has significantly increased over the last 14

years.
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Introduction

Methods

An estimated 6.3 million screening colonoscopies are performed annually in the United
States.] Among patients undergoing an average-risk screening colonoscopy, 4-11% will be
found to have a large colorectal polyp.2 Traditionally, many of these more complex
colorectal polyps were managed surgically with a partial colectomy. With advances in
endoscopic mucosal resection, this practice should be changing. Compared with surgical
resection, endoscopic resection is associated with a reduced risk of adverse events3-> and is
more cost effective.5 7 Prior to consideration of surgical resection, guidelines now
recommend referral to an advanced endoscopist for repeat colonoscopy and if appropriate,
attempted endoscopic resection.8-10

Despite strong evidence favoring endoscopic resection, partial colectomies for non-
malignant colorectal polyps continue to be performed frequently in the United States.1
Elective colectomy is often complicated by adverse events, and more so in older adults who
are disproportionally affected with non-malignant colorectal polyps.3 11 One in seven
patients who have surgery for a non-malignant colorectal polyp will have at least one major
post-operative event.3 The most common adverse events within 30-days are readmission
(8%), reoperation (4%) and anastomotic leak or abscess (3%).3 While surgery for the
management of non-malignant colorectal polyps is commonly utilized in the United States,
national incidence rates and trends for this surgery have not been published.

Understanding volume and trends in surgery for non-malignant colorectal polyps in the
United States can increase awareness of how non-malignant colorectal polyps are managed
and better identify barriers to endoscopic management. To this end, we examined trends in
surgery for non-malignant colorectal polyps stratified by patient characteristics and hospital-
level factors in a nationally representative sample. To put these trends into context, we
compared this data to data on surgery for colorectal cancer from the same national sample.

Study Design and Population

We used the Healthcare Cost and Utilization Project National Inpatient Sample (NIS) for the
years 2000-2014 to obtain incidence estimates for surgery for non-malignant colorectal
polyps and colorectal cancer. The NIS is the largest publicly available all-payer inpatient
health care database in the United States, yielding national estimates of hospital inpatient
stays. Unweighted, it contains data from more than 7 million hospital stays, at over 1,000
hospitals, each year. Prior to 2012, the NIS performed a stratified random sample of 20% of
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participating hospitals, with all discharge records from selected facilities included. In 2012,
the NIS redesigned the sampling strategy to a stratified random sample of all discharge
records. The NIS contains information on patients, regardless of payer, including individuals
covered by Medicare, Medicaid, or private insurance, and those who are uninsured.

All patients =20 years old, who had diagnoses for either benign neoplasms of the colon,
rectum, or anal canal (International Classification of Disease, Ninth edition (ICD-9) codes:
211.3 or 211.4) or colorectal cancer (ICD -9 codes: 153 — 154.8, 230.3, or 230.4), and
underwent elective colectomy or proctectomy (ICD -9 procedure codes: 17.3 — 17.39, 45.7
—45.79, or 48.4 — 48.59) were eligible for inclusion. Patients with diagnoses for both benign
neoplasms and colorectal cancer were classified as having colorectal cancer. We excluded
patients classified as having benign neoplasms and intestinal perforation (ICD-9 code
569.83), all patients diagnosed with inflammatory bowel disease (555 — 555.9 and 556 —
556.9) and all patients who underwent total colectomy (45.8 — 45.83) (Supplemental Figure
1). To assess whether the polyps might be an incidental finding, we excluded all patients
diagnosed with diverticulitis (ICD-9 code 562.11) in a sensitivity analysis. For the sake of
clarity, benign neoplasms of the colon and rectum are referred to as non-malignant
colorectal polyps throughout the manuscript. Discharge weights were applied to estimate the
national incidence for surgery for non-malignant colorectal polyps and colorectal cancer.
The University of North Carolina at Chapel Hill Office of Human Research Ethics
determined this study to be exempt from continuing review given use of deidentified data.

Statistical Analysis

Results

Patient demographics and hospital characteristics, stratified by patient diagnosis (non-
malignant colorectal polyp versus colorectal cancer), were described using descriptive
statistics. The yearly incidence of surgery for non-malignant colorectal polyps and colorectal
cancer, respectively, was calculated using Poisson regression, and expressed as the number
of procedures per 100,000 US adults. The number of US adults was obtained using available
2010 US Census data. Additionally, age, sex, race/ethnicity, and region stratified rates of
surgery for non-malignant colorectal polyps per 100,000 US adults were also calculated
using Poisson regression. Age was categorized as 20 — 49 years old, 50 — 64 years old, 65 —
79 years old, and =80 years old. The rates of surgery for non-malignant colorectal polyps
across teaching status/location and bed size were assessed among all US adults. A hospital is
considered to be a teaching hospital if it has an American Medical Association approved
residency program, is a member of the Council of Teaching Hospitals or has a ratio of full-
time equivalent interns and residents to beds of .25 or higher. Incidence rate differences
(IRDs) comparing the rates in 2014 to 2000 were also calculated and were expressed as rates
per 100,000 adults. Significant change in the rate of surgery for non-malignant colorectal
polyps between 2000 and 2014 was assessed using a likelihood ratio test. All analyses were
performed using SAS 9.4 (SAS Inc., Cary, North Carolina).

In the United States, there were an estimated 1,230,458 surgeries for either non-malignant
colorectal polyps or colorectal cancer between 2000 and 2014 (Table 1). Among these
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surgeries, 25% (n=304,578) were performed for non-malignant colorectal polyps. The
majority of patients having surgery for non-malignant colorectal polyps were non-Hispanic
white, had Medicare, and were in the highest category of household income. Most surgery
for non-malignant colorectal polyps was performed in hospitals categorized as large bed
size, urban teaching hospitals and in the Southern region of the United States.

Incidence Estimates

Trends

In 2014, the incidence rate for non-malignant colorectal polyp surgery was 1.0 per 100,000
among those 20-49 years old, 14.4 per 100,000 among those 50-64 years old, 34.5 per
100,000 among those 65-79 years old, and 13.4 per 100,000 among those =80 years old
(Table 2). The incidence estimates for men and women were similar (9.7 vs. 9.2 per
100,000, respectively). Non-Hispanic whites compared with non-Hispanic blacks and
Hispanics had a higher rate of surgery (10.5 vs. 8.6 vs. 3.7 per 100,000, respectively).
Incidence rates per 100,000 US adults were higher in the Midwest (10.8 per 100,000) and
South (10.6 per 100,000) compared with the Northeast (7.8 per 100,000) and West (7.5 per
100,000). The incidence rates for surgery were highest in large (3.1 per 100,000) and
medium (1.8 per 100,000) urban teaching hospitals and large (1.4 per 100,000) urban
nonteaching hospitals (Table 3).

The incidence rate of surgery for non-malignant colorectal polyps has significantly increased
over time from 5.9 in 2000 to 9.4 in 2014 per 100,000 adults (IRD 3.56, 95% CI 3.40, 3.72)
(Figure 1). During this time, the rate of surgery for colorectal cancer has significantly
decreased from 31.5 to 24.7 surgeries per 100,000 adults (IRD —-6.80, 95% CI -7.11, —6.49).

The rate of surgery for non-malignant colorectal polyps has significantly increased across
the study period among adults 50-64 years olds (IRD 7.95, 95% CI 7.58, 8.31), and 65-79
years old (IRD 12.13, 95% CI 11.26, 12.99) (Table 2 and Figure 2). Adults =80 years old
were significantly less likely to have surgery for a non-malignant colorectal polyp in 2014
compared to 2000 (IRD -2.60, 95% CI —3.61, —1.59), though this age group experienced
higher rates of surgery for polyps between 2004-2008, followed by a decline.

Stratified by sex, the incidence rate of surgery for non-malignant colorectal polyps has
significantly increased among both men (IRD 3.61, 95% CI 3.37, 3.84) and women (IRD
3.51, 95% ClI 3.29, 3.73) (Table 2). Stratified by race/ethnicity, the incidence rate of surgery
for non-malignant colorectal polyps has significantly increased among non-Hispanic whites
(IRD 4.88, 95% CI 4.68, 5.08), non-Hispanic blacks (IRD 5.08, 95% CI 4.66, 5.50),
Hispanics (IRD 2.65, 95% CI 2.40, 2.89), and other race (IRD 3.12, 95% ClI 2.73, 3.51)
adults (Table 2 and Supplemental Figure 2).

Stratified by region, the incidence rate of surgery for non-malignant colorectal polyps has
significantly increased among hospitals in the Northeast (IRD 1.37, 95% CI 1.01, 1.74),
Midwest (IDR 3.98, 95% CI 3.61, 4.35), South (IRD 4.78, 95% CI 4.50, 5.05), and West
(IRD 2.94, 95% CI 2.64, 3.24) (Table 2 and Figure 3).
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Stratified by teaching status, urban/rural location and bed size, the incidence rate of surgery
for non-malignant colorectal polyps has significantly increased in urban, teaching hospitals
of all bed sizes (small: IRD 0.89 [95% CI 0.85, 0.95]; medium: IRD 1.13 [95% CI 1.06,
1.19]; large: IRD 1.46 [95% CI 1.37-1.55]) (Table 3 and Figure 4). The rate of surgery has
increased in small (IRD 0.07, 95% CI 0.03, 0.10) and medium (IRD 0.12, 95% CI 0.07,
0.17) sized urban nonteaching hospitals but decreased in large (IRD —0.13, 95% CI -0.20,
-0.06) urban nonteaching hospitals. The rate of surgery has increased in small (IRD 0.08,
95% CI 0.07, 0.10) rural nonteaching hospitals, is unchanged in medium (IRD 0.00, 95% CI
-0.02, 0.03) rural nonteaching hospitals and decreased in large (IRD -0.06, 95% CI -0.10,
-0.01) rural nonteaching hospitals.

Among our cases with non-malignant colorectal polyps, 4.4% also had an ICD 9 code for
diverticulitis compared with 1.2% of patients with colorectal cancer. To address this
difference, we performed a sensitivity analysis excluding all patients with an ICD 9 code for
diverticulitis and found no meaningful change in our results (Supplemental Tables).

Discussion

In this large nationally representative sample, surgery for non-malignant colorectal polyps is
common. While the volume of colorectal resection procedures has remained stable in the
United States over the last decade,!? the rate of surgery for non-malignant colorectal polyps
has increased in individuals aged 20-79 among both men and women and including all
races/ethnicities. This increase is nationwide and is primarily taking place in urban teaching
hospitals.

The increase in surgery for non-malignant colorectal polyps is concerning. The literature to
date is clear that endoscopic resection is the preferred management of non-malignant
colorectal polyps.8-10. 13. 14 This recommendation is based on evidence that almost all
(>90%) complex non-malignant colorectal polyps, regardless of size, can be safely resected
endoscopically with an outpatient procedure.> Compared with partial colectomy, endoscopic
resection is more cost effective® 7 and is associated with a reduced risk of adverse events.3—>
Among patients who have surgery for a non-malignant colorectal polyp, 14% will have at
least one major short-term postoperative event.3 Partial colectomy can be complicated by
need for an ostomy and postoperative infection, wound dehiscence, readmission,
reoperation, and less commonly, death.2 Notably, non-malignant colorectal polyps have no
risk of lymph node metastasis and are amenable to endoscopic cure.

We had hypothesized that surgery for non-malignant colorectal polyps would be both
uncommon and declining in teaching hospitals where providers are more likely to be
familiar with current guidelines and to have access to endoscopic mucosal resection. Instead,
we found that surgery for non-malignant colorectal polyps is both common and significantly
increasing in teaching hospitals. These findings are difficult to understand or explain.

First, we considered the possibility that surgery for non-malignant colorectal polyps might
be concentrating in teaching hospitals because more cases were referred to high-volume
centers. In the United States, there has been a trend towards centralization of cancer
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procedures because increasing procedure volumes are associated with improved clinical
outcomes. While this trend has been specific to esophageal and pancreatic procedures, there
has been little to no centralization of colon and rectal cancer procedures to explain the trends
we found.15

Alternatively, if referrals for endoscopic resection of non-malignant colorectal polyps are
increasing at teaching hospitals, inappropriate referrals and “failed” endoscopic resections
would result in an increased volume of surgery in these centers. Importantly, most of these
surgeries would be for either suspected or confirmed malignancy and would be captured
with a colorectal cancer code. This referral pattern would not translate into a substantially
increasing incidence of surgery for non-malignant colorectal polyps. In a meta-analysis of
the efficacy and safety of endoscopic resection of large colorectal polyps, 14% of patients
were sent to surgery before any attempt at endoscopic resection, because the endoscopic
appearance was suggestive of submucosal invasion. In the same analysis, 8% of patients
underwent surgery for non-curative resection and most of those (62%) were for invasive
cancer.®

We also considered whether increased colorectal cancer screening and therefore increased
detection of non-malignant colorectal polyps could explain the increase in surgery for non-
malignant colorectal polyps. While the proportion of adults screened for colorectal cancer
increased in the United States before 2010,16-18 the rate of screening did not significantly
change between 2010 and 2015 (60% in 2010, 59% in 2013, 63% in 2015).1° Furthermore,
three studies suggest that there has not been an increase in the annual number of screening
colonoscopies. The first study used data from the National Survey of Endoscopic Capacity
and found that there were 6—7 million screening colonoscopies performed in 2002 in the
United States20 and 6.3 million performed in 2012.1 The second study used administrative
data from 106 health plans and found that insured Americans aged 50 to 64 years
significantly reduced their use of screening colonoscopy during the 2007-2009 recession.?!
The third study used Medicare claims and found that the number of colonoscopies
performed declined from 91 procedures per 1,000 beneficiaries in 2006 to 84 procedures per
1,000 beneficiaries in 2009.22 Finally, the total volume of colonoscopies in the United States
appears to be static. Using data from National Survey of Endoscopic Capacity, there were an
estimated 14.2 million colonoscopies and 2.8 million flexible sigmoidoscopies performed in
200220 and 15 million total colonoscopies in 20121 in the United States. Using MarketScan
Commercial Claims and Encounters data (Truven Health Analytics, Ann Arbor, MI), we
have examined temporal trends in colonoscopy use in adults 18-64 years old. The overall
colonoscopy rate increased from 37.3 per 1,000 in 2001 to 48.5 per 1,000 person-years in
2008. Since 2008, the rate decreased and then plateaued (45.9 per 1,000 in 2010, 45.1 per
1,000 in 2012, 45.6 per 1,000 in 2014) (unpublished data). Thus, while we cannot
definitively exclude an association between secular trends in colonoscopy utilization and
surgery volumes, we believe this is an unlikely explanation for our findings.

There are other potential explanations for the increasing rate of surgery. There is evidence
that polyp detection (particularly detection of adenomatous polyps) is improving with time,
however the improved detection appears to be attributable to small or diminutive non-
advanced adenomas, which would not be expected to contribute to (appropriate) surgery.
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23,241t js also conceivable that increasing production pressure and inadequate
reimbursement for endoscopic mucosal resection may persuade endoscopists to refer
patients with complex non-malignant colorectal polyps for surgery. Finally, there is the issue
of risk. The most common risks associated with a complex endoscopic resection include
incomplete resection, bleeding and perforation. For endoscopists without additional training
in advanced endoscopic resection these risks may be perceived as too great, especially when
they have the option of referring for a surgical resection. In contrast, from a surgeon’s
perspective a laparoscopic resection of a non-malignant colorectal polyp is generally simpler
and easier then a resection for an inflammatory process or bulky cancer.2® These relative
risks could drive a tendency for endoscopist to refer and for surgeons to operate.

It is important to emphasize that not all surgery done for non-malignant colorectal polyps is
inappropriate—some polyps may not be amenable to endoscopic resection, and some patients
may opt to pursue colectomy as a more definitive procedure. It may be that the literature
recommending endoscopic resection for complex non-malignant colorectal polyps is
somehow inaccurate, failing to capture a large patient population for whom surgical
resection is the better choice despite its increased risks.

Conversely, it is possible that we are failing to implement our guidelines,8-19 which
recommend referral to an advanced endoscopist for attempted endoscopic resection. If so,
we have to ask why.26-28 Are patients aware of the endoscopic option for their non-
malignant colorectal polyp? Are they even aware that their lesion is non-malignant? Do
patients prefer the more definitive procedure? Are endoscopists able to identify an
endoscopically curable polyp? Are endoscopists familiar with the spectrum of lesions
amenable to endoscopic resection? Is there a lack of access to a local or regional advanced
endoscopist? What proportion of patients have a repeat endoscopy with an advanced
endoscopists? Can our health care system meet the demand for advanced endoscopists?

Our study has several strengths. We used nationally representative data that included
information on patients, regardless of payer, and generated national estimates of hospital
inpatient stays for surgery for non-malignant colorectal polyps. To put these trends into
context, we also generated national estimates for surgery for colorectal cancer. As expected,
with the declining incidence of colorectal cancer in the United States,2? the rate of surgery
for colorectal cancer has significantly decreased during the study period.

Our study has several limitations. We utilized administrative codes to identify our cases. The
sensitivity of ICD-9 codes for non-malignant colorectal polyps is unknown, but this
definition has been used previously®: 30 and we would expect it to have a high specificity.
We could have underestimated the incidence of surgery for non-malignant colorectal polyps
if these cases were miscoded as colorectal cancer or missing a diagnosis code. Likewise, we
could have overestimated the incidence of surgery for non-malignant colorectal polyps if
these cases had colorectal cancer but were miscoded as non-malignant colorectal polyps. To
reduce the risk of misclassification, patients with diagnoses for both benign neoplasms and
colorectal cancer were classified as having colorectal cancer. We excluded those patients
with inflammatory bowel disease or those who underwent a total colectomy because these
patients are more likely to have familial adenomatous polyposis To assess whether polyps
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might be an incidental finding, we excluded all patients diagnosed with diverticulitis (ICD-9
code 562.11) in a sensitivity analysis. While the ICD-9 code for benign polyp includes
lesions of the anal canal, our analysis only included procedure codes for the colon and
rectum.

In conclusion, surgery for non-malignant colorectal polyps appears to be both common and
increasing. These findings appear to be independent of screening colonoscopy utilization
during the time period observed and stand against a body of research that suggests
endoscopic resection of non-malignant colorectal polyps is safer and more cost-effective.
Further research will be necessary to better understand who these patients are and why they
are undergoing surgical procedures that may not be indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Annual incidence rate for non-malignant colorectal polyp and colorectal cancer surgery per

100,000 US adults (=20 years old) in the United States between 2000 and 2014
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Figure 2.

Annual incidence rate for non-malignant colorectal polyp surgery per 100,000 US adults,

stratified by age.

Gastroenterology. Author manuscript; available in PMC 2019 April 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Peery et al.

Incidence Rate of Non-Malignant Colorectal

Polyp Surgery, per 100,000 adults

40-

30+

10+

Page 13

— Northeast
==+ Midwest
—— South

- West

Year

Figure 3.
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Annual incidence rate for non-malignant colorectal polyp surgery per 100,000 US adults,

stratified by hospital region.
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Figure 4.
Annual incidence rate for non-malignant colorectal polyp surgery per 100,000 US adults,

among A) urban, teaching hospitals, B) urban, nonteaching hospitals, and C) rural,
nonteaching hospitals, stratified by bed size.
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Estimated number of cases and characteristics of adults having surgery for non-malignant colorectal polyps or

Table 1

colorectal cancer in the US between 2000 and 2014.

Non-malignant colorectal polyp

Colorectal cancer

n =304,578 n = 925,880

Sex, n (%)

Male 151,797 (49.9) 460,032 (49.7)

Female 152,432 (50.1) 464,944 (50.3)
Age, mean (standard deviation) 65.9 (24.6) 68.4 (27.9)
Race/Ethnicity, n (%)

Non-Hispanic white 201,467 (81.1) 589,731 (79.7)

Non-Hispanic black 25,550 (10.3) 68,607 (9.3)

Hispanic 12,274 (4.9) 43,042 (5.8)

Other 9,101 (3.7) 38,622 (5.2)

Missing 56,186 185,877
Primary insurance, n (%)

Medicare 165,005 (54.3) 554,232 (60.1)

Medicaid 7,873 (2.6) 32,380 (3.5)

Private 122,678 (40.4) 306,528 (33.2)

Other insurance 5,418 (1.8) 15,520 (1.7)

Self-pay 2,760 (0.9) 13,878 (1.5)

Household income?, n (%)

Low 56,920 (19.0) 175,011 (19.3)
Medium 75,123 (25.1) 234,029 (25.7)
High 79,176 (26.5) 234,285 (25.8)
Highest 87,948 (29.4) 265,859 (29.2)
Hospital bed sizeb, n (%)
Small 34,722 (11.4) 110,733 (12.0)
Medium 77,701 (25.6) 230,784 (25.0)
Large 191,225 (63.0) 581,898 (63.0)
Hospital type, n (%)
Urban, teaching 140,953 (46.4) 431,046 (46.7)
Urban, nonteaching 128,818 (42.4) 374,241 (40.5)
Rural, nonteaching 33,877 (11.2) 118,128 (12.8)

Hospital region, n (%)

Northeast 57,260 (18.8) 183,891 (19.9)
Midwest 72,165 (23.7) 228,297 (24.7)
South 121,704 (40.0) 332,809 (36.0)
West 53,449 (17.6) 180,883 (19.5)
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aBetvveen 2000 and 2002 household income was characterized by the following quartiles: $1-$24,999 (low), $25,000-$34,999 (medium),
$35,000-$44,999 (high), and $45,000 and above (highest); from 2003 onward, income was characterized into quartiles within each ZIP code

Hospital size categories are based on the number of hospital beds; cut points were chosen for each region and location (rural, non-teaching, urban
non-teaching, and urban teaching) combination so that approximately 4 of hospitals would appear in each size category
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