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Abstract

Setting: Although bariatric surgery has been associateld sviteduction in risk of
obesity-related cancer, data on the effect of béimterventions on other cancers is
limited.

Objectives: This study aimed to examine the relationship betweiatric interventions
and the incidence of various cancers followingdtaid surgery.

Methods: The New York Statewide Planning and Research @atipe System
database was used to identify all adult patierdagrihsed with obesity between 2006 and
2012 and patients who underwent bariatric procedwrthout pre-existing cancer
diagnosis, alcohol or tobacco use. Subsequent cdragmoses were captured up to
2016. Multivariable proportional sub-distributioazard regression analysis was
performed to compare the risk of having cancer apualrese patients with and without
bariatric interventions.

Results: We identified 71,000 patients who underwent badaurgery and 323,197
patients without a bariatric intervention. Patiemtslergoing bariatric surgery were less
likely to develop both obesity-related cancer (mdzatio (HR) 0.91; 95% CI, 0.85-0.98;
p=0.013) and other cancers (HR 0.81; 95% CI, 0.82:(p<0.0001). Patients undergoing
Roux-en-Y gastric bypass had a lower risk of dgwelg cancers that are considered non-
obesity related (HR 0.59; 95% CI, 0.42-0.83; p=@90compared to laparoscopic sleeve
gastrectomy.

Conclusions. Bariatric surgery is associated with a decreaisidof obesity-related
cancers. More significantly, we demonstrated thegiclnship between bariatric surgery

and the reduction of the risk of some previouslsigieated non-obesity related cancers,
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as well. Reclassification of non-obesity relatedasas and expansion of bariatric

indications for reducing the risk of cancer mayaeranted.

Keywords: Bariatric surgery; obesity-related cancer; non-dpeslated cancer; obesity;

cancer
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INTRODUCTION

Obesity has emerged as an epidemic in Americat[ibjas estimated that the
mean body weight of the average American has iseckay nearly 10% in the two
decades since 1980, after adjusting for age arghhfi]. At the same time, the
prevalence of clinical obesity has almost doublgdThere is no significant gender
difference in the prevalence of obesity [2]. Theaxiated comorbidities such as
hypertension, type 2 diabetes (T2D), dyslipidergall bladder disease, osteoarthritis,
etc. has been demonstrated in numerous studids T3 International Agency for
Research on Cancer (IARC) has also designatedp®$ tyf cancer as obesity-related,
such as esophageal, gallbladder, liver, pancreatiorectal, thyroid, renal, prostate,
ovarian, endometrial and postmenopausal breasecanéemales [6-9]. It is estimated
that obesity alone accounts for 20% of all caneeises [6]. Obesity is also found to be a
cause in 14% of cancer deaths in males and up%odt@ancer deaths in females [7].

Bariatric surgery has become a popular treatmembrofor morbidly obese
patients due to its effectiveness, significant Wwergduction and reduction in developing
comorbidities such as cardiovascular, endocrinei@fiedtious disorders [10]. However,
studies evaluating the relationship between bagiatrgery and risk reduction of
different types of cancer are limited. Previougsiss have demonstrated that insurance
status affects cancer-related health care qualilyotcomes [11, 12], suggesting the
existence of health care disparity. Understandiegmpact of insurance on cancer
incidence is particularly relevant given the neeéxpand health insurance in the US.

The purpose of this study was to determine if bacigurgery is associated with a lower
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incidence of obesity-related and non-obesity relatgncer compared with a matched

cohort of obese patients with the same age, geratss,and ethnicity.

METHODS

We conducted a retrospective analysis study usatg flom the New York
Statewide Planning and Research Cooperative SYSBPARCS) administrative
database. SPARCS is a longitudinal comprehensitzerdporting system. Patient level
data such as patient characteristics, diagnoseseatthents, and services provided can
be collected. Data covering Januafy 2006 through December 312012 was used to
identify all patients who had obesity diagnosise Tihstitution Review Board of Stony
Brook University Hospital approved the study pratioc

International Classification of Diseases, ninth§iS) revision codes for obesity
(278.00, 278.01, 278.02, 278.03) were used to iyasthese adult patients. This included
all adult patients with body mass index (BMI) atatwove 30. Exclusion criteria included
age < 18 years, missing identifiers, missing gemdfermation, and duplicate records.
Two groups of patients — those who underwent bariatirgery and those who did not
were defined using records with obesity diagnd3igsrent Procedural Terminology
(CPT), ICD-9 codes for laparoscopic bariatric suygeocedures were then used to
identify bariatric surgery patients who underwetision bariatric surgery (diagnosis of
V45.86), Laparoscopic Sleeve Gastrectomy (LSG)8233.89 and 43775 with primary
diagnosis of 278.00-02), Roux-en-Y Gastric Byp&SgGB) (44.38, 43644 and 43645
with primary diagnosis of 278.00-02) and Laparoscdyljustable Gastric Banding

(LAGB) (44.95 and 43770 with primary diagnosis @B20-02). Patients with at least
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one primary or revisional bariatric surgery wereluided in the surgical group. Patients
from both the surgical and non-surgical group wWelewed starting from their earliest
records with an obesity diagnosis code during theysperiod. Patients having any
benign or malignant neoplasm diagnosis, tobacc@ndelcohol abuse, identified by
ICD-9 codes, in their earliest records or at theetof bariatric surgery were also
excluded (Figure 1). Subsequent cancer diagnadastified by ICD-9 and ICD-10
codes, were captured up to 2016 (See Appendix Adecific diagnosis codes used). To
investigate gender-specific difference betweerstirgical and non-surgical groups,
gender-specific cancers such as prostate cancergI€de: 185) were considered as
separate groups and were not included in the cgtejmbesity-related cancer even
though they were designated as such accordingR&lAtherwise, cancer diagnoses
were considered “obesity-related” or “non-obeséhlated” following IARC
classification.

All bariatric surgery patients were matched togras who did not have bariatric
surgery with identical race and ethnicity, gendsd age for our analysis cohort. Chi-
square tests with exact P-values based on Monie Siarulation were utilized to
compare patients’ characteristics between bariatnigery and non-bariatric surgery
patients, as well as those between bariatric sygients with different bariatric
surgery types. Univariate proportional sub-disttidau hazards models (Fine-Gray
models) were utilized to examine the marginal assion between potential factors
(surgical or non-surgical groups, patients’ chagastics, complications, comorbidities)
and the risk of obesity-related, non-obesity relaed any type of cancer. Fine-Gray

models were utilized since death was treated asmpeting risk event for cancer
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development. Patients’ group and other factorgedlto each outcome that were
significant (p-value<0.05) based on univariate gsialwere further considered in
multivariable Fine-Gray models. A separate subgrnglysis was performed among
primary bariatric surgery patients to compare dieasilated, non-obesity related and any
types of cancer risks across the three bariatrigesy types. In Fine-Gray models, a
hazard ratio (HR) >1 indicated higher risk of cambevelopment, while an HR <1
indicated lower risk. Statistical analysis was perfed using SAS 9.4 (SAS Institute,

Inc., Cary, NC) and significance level was set.@60

RESULTS

Patients in the surgical and non-surgical groups

We identified 765,500 obese patients- 71,000 afhtbhederwent bariatric surgery
and 694,500 of them did not. After matching foreand ethnicity, age and gender,
323,197 records from the non-surgical group wept Kgee Appendix B for patient
characteristics in the surgical and non-surgicaligs before and after matching). Thus,
in total, we used 394,197 records in analysesaBarisurgery patients were matched to
patients who did not have bariatric surgery in ppraximately 1:5 ratio based on the
available number of records from the non-surgicalg. The number of patients
collected per year between 2006 and 2012 is disdlay Appendix C. The number of in-
hospital deaths in surgical and non-surgical graiypsg the follow up period is
illustrated in Appendix D. Over 76% of the patiemsre female, based on surgical trends

and the matching algorithm (See Appendix E forgrdgtcharacteristics in the surgical
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and non-surgical groups). 1,448 (2.04%) surgicaepts developed cancer compared

with 7,695 (2.38%) non-surgical patients.

Cancer incidence in surgical and non-surgical gsoup

The incidence of patients developing obesity-relatencer was 1.31% and 1.45%
for the surgical and non-surgical groups respelgtivéhe incidence for non-obesity
related cancer was 0.80% and 1.01% for the surgitdihon-surgical groups
respectively (Table 1). The estimated cumulatiwédence of any types of cancers for
the surgical group was 0.3% (95% CI, 0.3%-0.3%) ytar, 2% (95% ClI, 1.8%-2.1%) at
5 years and 5.3% (95% ClI, 4.8%-5.7%) at 10 yedn#ewhat for the non-surgical group
was 0.6% (95% ClI, 0.6%- 0.6%), 2.3% (95% ClI, 2.294%) and 6.0% (95% CI, 5.8%-
6.2%) respectively (Figure 2). The estimated cutiudancidence of any type of cancer,
obesity-related cancer and non-obesity relatedezandhe surgical and non-surgical

groups with respect to gender is illustrated in éqmghix F.

Comparison of the risk of cancer development imgisal and non-surgical groups

Bariatric surgery patients were less likely to degeany type of cancer (HR 0.87;
95% Cl, 0.82-0.92; p<0.0001), obesity related (HRLO95% Cl, 0.85-0.98; p=0.013)
and non-obesity related cancer (HR 0.81; 95% QH§-0.89; p<0.0001) than patients
who did not have bariatric surgery. Among obes#lgted cancer, the reduction of liver
and pancreatic cancer incidence was the most $yrasgociated with bariatric
interventions. Among non-obesity-related cances rdduction of bronchus and lung

cancer incidence was the most strongly associaitddoariatric interventions (Table 1).
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For male specific cancer, there was no significkffieérence between bariatric surgery
and non-bariatric surgery patients in the develagroéprostate cancer (HR 1.15; 95%

Cl, 0.98-1.35; p=0.0931) (See Appendix G for estedénazard ratios).

Cancer incidence with different bariatric procedure

The incidence of developing post-operative candg#rimveach bariatric
procedural group are reported in Table 2. 1.29%atients undergoing sleeve
gastrectomy, 1.65% of gastric bypass patients a8@P2 of gastric banding patients
developed any type of cancer. This was also the fmaobesity-related cancer (LSG:
0.76%, RYGB: 1.07%, LAGB: 1.45%), non-obesity rethtancer (LSG: 0.56%, RYGB:
0.64%, LAGB: 1.01%) and male specific cancer (L8@5%, RYGB: 0.58%, LAGB:
0.87%). Among obesity-related cancer, the reduahdhe incidence of gallbladder and
extrahepatic bile duct cancer was the most stroaggpciated with laparoscopic sleeve
gastrectomy. The reduction of melanoma incidence tiva most strongly associated with

laparoscopic sleeve gastrectomy among all non-tbedated cancer.

Comparison of the risk of cancer development ifediint bariatric surgeries

Among the three different types of bariatric surggerlaparoscopic sleeve
gastrectomy, Roux-en-Y gastric bypass and lapapsealjustable gastric banding, there
was no significant difference between the threteims of the risk of postoperative
obesity-related cancer (Table 3) and male specéicer. However, patients undergoing
Roux-en-Y gastric bypass had a lower risk of dgwelg non-obesity related cancer (HR

0.59; 95% ClI, 0.42-0.83; p=0.0029) (Table 4) angtgpe of cancer (HR 0.69; 95% ClI,



183 0.55-0.86; p=0.0002) than laparoscopic sleeve getsimy. Patients undergoing Roux-
184 en-Y gastric bypass also had a lower risk of dgualpnon-obesity related cancer (HR
185 0.78; 95% CI, 0.63-0.95; p=0.0029) and any typeawicer than laparoscopic adjustable
186 gastric banding (HR 0.80; 95% CI, 0.71-0.92; p=02)0There were no significant

187 differences between laparoscopic adjustable gasnding and laparoscopic sleeve
188 gastrectomy in terms of the risk of postoperatiga-nbesity related cancer (HR 0.76;
189 95% CI, 0.55-1.06; p=0.0029) and any type of cafid& 0.86; 95% CI, 0.69-1.07;

190 p=0.0002). Within the surgical group, patients wvatdmmercial insurance had a lower
191 risk of developing obesity-related (HR 0.67; 95% @53-0.84; p=0.0057), non-obesity-
192 related cancer (HR 0.71; 95% CI, 0.54-0.93; p=0)@@& any type of cancer (HR 0.64;

193 95% ClI, 0.54-0.76; p<0.0001) compared to patieritis Medicare.

194

195 DISCUSSION

196 Obesity is associated with multiple comorbiditiesduding coronary artery

197 disease and vascular disorder, hypertension [1A), [L4], and respiratory conditions

198 [15, 16]. Itis also known to be a risk factor teveloping many different types of cancer
199 [6-9]. Although several previous studies demonsttdhat bariatric surgery decreases the
200 risk of obesity-related cancer [17-21], this is tinst study to specifically examine the

201 efficacy of different types of bariatric intervemris on reducing the risk of cancer, in

202 addition to investigating the effect of bariatricgery on obesity-related, non-obesity

203 related and gender specific cancer.
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Bariatric surgery has been shown to be associaitthd@duced risk of obesity-
related cancer [17-21]. The International AgenayResearch on Cancer (IARC)
designated obesity-related cancers include hepatlzcecarcinoma, exocrine pancreatic,
gallbladder, cholangiocarcinoma, colorectal, readénocarcinoma of the esophagus and
gastric cardia, prostate, postmenopausal breadneetrial, ovarian, thyroid cancer and
multiple myeloma [22-25]. In an observational 2-cdfstudy by Christou, there was
significant and sustained weight loss as well asaally significant reductions in the
incidence of breast, colorectal and pancreatic&anfollowing bariatric surgery [19].

The risk of obesity-related cancer after Roux-egastric bypass is lowered with a
hazard ratio of 0.62 (95% CI, 0.49-0.78; P<0.0(QZ). However, the risk reduction of
colorectal cancer after bariatric surgery doesapgear to be so clear-cut. In a systemic
review by Afshar et al., bariatric surgery is asatsd with a 27% lower colorectal cancer
risk [26]. On the other hand, increased standaddizeidence ratio of colorectal cancer
in bariatric surgery patients with longer follow-uas observed in a retrospective cohort
study by Derogar et al.; however, a similar patteas not observed in obese patients
without surgery [27]. Our study appears to agreé wie former, showing a lower
incidence of colorectal cancer in bariatric surgeaients when compared to non-
surgical patients (p=0.0043).

Bariatric surgery also appears to reduce the fislancers not designated as
obesity-related per IARC. A recent publication mh&uer et al. demonstrated that
patients undergoing bariatric surgery had a 33%efdvazard risk of developing any type
of cancer (HR 0.67; 95% ClI, 0.6, 0.74; p<0.001) swbempared to matched obese

patients who did not undergo bariatric surgery [Sghauer also demonstrated the
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relationship between bariatric surgery and riskuotidn in developing subsequent cancer
is stronger for obesity-related cancer than norsibpeelated cancer [20]. In addition to
obesity-associated cancers designated by IARCstadly also evaluated non-obesity
related cancers. We strikingly noted the decreasied risk of non-obesity related cancer
is more strongly associated with bariatric surgean obesity-related cancer. We
propose that previously designated non-obesitya@leancers may in fact be obesity-
related. This is supported by recent studieshhae demonstrated an association
between bariatric surgery and a reduced risk oamwha and skin cancer in general
[28], both of which were not previously classifiasl obesity-related cancers.

Various mechanisms have been proposed linking thtscancer. Chronic
hyperinsulinemia of obesity exposes tissue to timeaic effects of insulin receptors
found in (pre)neoplastic cells [29, 30]. Adipositigo influences the synthesis and
increased bioavailability of estrogen, androgend, @grogesterone, each of which has
been linked to cancers through epidemiologicalistiff9, 30]. Chronic inflammation,
which has been associated with obesity, is angiftgposed mechanism. Two pro-
inflammatory pathways, c-Jun NH2-terminal kinadéKY and kB kinasep (IKK-p), are
increased in adiposity and may be part of the lietwween adipose tissue, inflammation,
and immune cells that play a role in cancer forarafB0]. Chronic inflammation also
contributes to the development of insulin resistan@ previous proposed tumorigenic
mechanism [29, 31, 32].

The risk of gender specific cancer is also foundgaeduced in multiple studies.
In an observational cohort study by Christou, ledaurgery patients had lower

incidence of postoperative endometrial and bremsters when compared to those who
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did not have bariatric surgery [18]. Specificallyere is a 71% reduction in the risk of
developing uterine malignancy for obese women wdmb thariatric surgery compared to
those who did not [33]. A meta-analysis demonstratmilar findings, where the relative
risk of endometrial cancer is 0.4 for bariatricipats compared to obese control patients
[34]. A decreased risk of prostate cancer was niotedriatric patients during follow-up,
however, it was not statistically significant [3&]Jur study aligned with these previous
results; the risk of female-specific cancer wasioed after bariatric surgery [36] but
there was no significant difference in the riskuetibn of prostate cancer in both groups.
Despite both arms of our study having increasedafeipatients due to matching
algorithms, we still had 15,219 and 76,095 malépéd in the surgical and non-surgical
groups respectively. Since most gender specific&amare also obesity-related, it is
expected to show similar pattern as those fourabesity-related cancer. In addition to
gender specific effects, our study showed thatp#iwith commercial insurance
appeared to have lower risk of developing canceanndompared to patients with
Medicare. This might be attributed to enhancedesgrg in commercial insurance
holders. Further study is essential to identifyréeson behind the healthcare disparity
associated with insurance status.

A limited number of studies compared the differgpies of bariatric
interventions in decreasing the risk of cancer. Tha@erlying mechanisms of bariatric
intervention on cancer risk reduction may involeghbweight-dependent and weight-
independent effects. From other published studiisswell known that with any bariatric
procedure, on average, sustained weight loss is\aghthrough caloric restriction [37].

Other possible mechanisms include improvementsaflin resistance and glucose



273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

13

metabolism, which attenuate metabolic syndromeredesed inflammation and oxidative
stress, improved regulation of sex hormones, gastéstinal hormone ghrelin, improved
cellular energy homeostasis and increased enemgfétiency [38]. Our study showed
that Roux-en-Y gastric bypass appears to be arlgiproach compared to laparoscopic
adjustable gastric banding and laparoscopic slgasgectomy in terms of cancer risk
reduction. Patients undergoing Roux-en-Y gastrjgasg has also been shown to have
greater weight loss compared to laparoscopic ajlesgastric banding and laparoscopic
sleeve gastrectomy [39]. Assuming the patient patpr of our study is similar to
previous studies and follows average weight logsames, the observation of lower
cancer risk in patients undergoing Roux-en-Y gadiypass may be attributed by the
greater body weight loss achieved through Roux-egaitric bypass [39]. However, it is
also suggested that rectal mucosal changes may ioc@lation to malabsorptive effects
of Roux-en-Y gastric bypass, which can possiblyease the risk of colorectal cancer
after surgery [27]. This implies that it is impartao compare the effect of different types
of bariatric interventions on the risk of post-goaf cancer occurrence.

The rigor of this retrospective study is limitedthwe use of administrative data.
Clinical information such as BMI before and aftariatric surgery is not available. BMI
is a significant variable that can affect the assest of surgery outcomes. There appears
to be some association between BMI and the riskudfiple cancers [40-42]. Therefore,
preoperative and postoperative BMI is an importaterminant of cancer risk.
According to George et al., the use of the ICD#&ydbsis code for obesity was shown to
identify morbidly obese patients easily; many pasevnith morbid obesity had ICD-9

code for obesity, but not specifically as morbieésiby used in clinical databases [43].



296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

14

Moreover, the effect of morbid obesity defined gsi@D-9 codes and BMI on
complications were similar [43]. This suggests thatuse of ICD-9 codes to identify
patients with obesity may be comparable to usind.BMwever, the use of diagnosis
codes limits the accuracy and severity of the diagn Esophageal adenocarcinoma is
associated with obesity; however, the use of diaignmdes alone will detect both
esophageal adenocarcinoma and esophageal squagticces@noma but not specifically
esophageal adenocarcinoma. Since there are mangheasity related cancers, only
certain non-obesity related cancers were investtand included in this study, which
may not be accurate to generalize. The use of astmadtive data also gives rise to the
potential of miscoding. Selection bias can exiatigmts who undergo bariatric
procedures may have large variations in termdesdtlyle and different social factors,
which cannot be accounted for in this study. Howgethe large sample size is the
strength of our study. Since New York SPARCS datalzapture records across all
participating hospitals within New York State,stan ideal database to capture patients
undergoing bariatric procedures. Patients each hawpie identifiers and as such the
true incidence of any cancer diagnosis managedyataspital within the state can be
captured, not limited to the hospital for the anggibariatric procedure. Administrative
data was also used for some other large cancefeince studies [10, 18, 20]. Although
the use of such a large population-based databdiseited in terms of the clinical
information, it is the only way to provide someigid into low count events, such as the
development of cancer.

Since our study was observational and retrospettinature, it is not a proof of a

direct effect but rather allows for the novel destoation of a possible relationship
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319 between bariatric surgery and reduced risk of sylpsat cancer development. Bariatric
320 surgery is not to be considered as a treatmergfiocer, but rather a possible intervention
321 to prevent development of cancer. This is espguaiadportant in certain cancer-prone
322 populations, such as those who have a strong fdnstgry of cancer. Therefore, the
323 argument for expanded coverage for bariatric syrggemclude those who are

324 overweight or obese and at an increased risk afezashould be explored.

325

326 CONCLUSION

327 Our study confirms bariatric surgery is associatétl a reduction in the risk of obesity-
328 related cancers. More importantly, the evidenggest bariatric surgery is also

329 associated with a reduction in the risk of someipresly designated non-obesity related
330 cancers as well. This significant finding may veatrfurther investigation and possible
331 reclassification of non-obesity related cancersiiesity-related. No significant

332 association between bariatric surgery and maleHspeancer was noted. The present
333 study also provides evidence supporting the expard bariatric surgery coverage to
334 include overweight and obese patients who are ataeased risk of cancer.

335
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Figure 1. Cohort consort for surgical and non-surgical cdstro

Figure 2. Cumulative incidence of obesity-related, non-otyeslated and any types of
cancer by patients’ group



Table 1. Incidence of cancer development by surgical and non-surgical group

Non-sur gical
Total group Surgical group P-
Cancer type (N=394,197) (N=323,197) (N=71,000) values*
Any type of cancer
Any type of cancer 9143 (2.32%) | 7695 (2.38%) | 1448 (2.04%) | <.0001
Obesity related cancer
Obesity related cancer 5635 (1.43%) | 4702 (1.45%) | 933 (1.31%) | 0.0042
Malignant neoplasm of esophagus 223 (0.06%) 191 (0.06%) 32 (0.05%) 0.1547
Liver cancer 368(0.09%) | 324 (0.10%) 44 (0.06%) | 0.0025
Pancreatic cancer 555 (0.14%) | 481 (0.15%) 74 (0.10%) | 0.0041
Cancer of the gallbladder, extrahepatic bile duct 172 (0.04%) 138 (0.04%) 34 (0.05%) 0.5489
Kidney cancer 1131 (0.29%) 937 (0.29%) 194 (0.27%) 0.4519
Colorectal cancer 1574 (0.40%) | 1334 (0.41%) | 240 (0.34%) | 0.0043
Gastric cancer 136 (0.03%) 120 (0.04%) 16 (0.02%) 0.0580
Multiple Myeloma 386 (0.10%) 322 (0.10%) 64 (0.09%) 0.4642
Thyroid cancer 1418 (0.36%) | 1140 (0.35%) | 278(0.39%) | 0.1177
Non-obesity related cancer
Non-obesity related cancer 3830 (0.97%) | 3265 (1.01%) 565 (0.80%) <.0001
Bronchus and Lung cancer 1561 (0.40%) | 1362 (0.42%) 199 (0.28%) <.0001
Heart cancer 5 (0.00%) 5 (0.00%) 0 (0.00%) 0.5874
Head and neck squamous cell carcinoma 149 (0.04%) 128 (0.04%) 21 (0.03%) 0.2133
Melanoma of skin 515(0.13%) | 410(0.13%) | 105(0.15%) | 0.1601
Non-Hodgkin Lymphoma 1031 (0.26%) 867 (0.27%) 164 (0.23%) 0.0783
Bladder Cancer 698 (0.18%) 603 (0.19%) 95 (0.13%) 0.0025

*: P-values were based on Chi-squared test with exact p-value from Monte Carlo simulation.




Table 2. Incidence of cancer development by primary bariatric surgery types

Gastric Sleeve
Total Gastric Band Bypass Gastrectomy
Cancer type (N=58,127) (N=19,777) | (N=30,358) | (N=7,992) | P-values*
Any type of cancer
Any type of cancers 1075 (1.85%) | 472(2.39%) | 500 (1.65%) | 103 (1.29%) A <.0001
Obesity related cancer
Obesity related cancer 673 (1.16%) | 287 (1.45%) | 325(1.07%) | 61(0.76%) | <.0001
Malignant neoplasm of esophagus 21 (0.04%) 8 (0.04%) 10 (0.03%) 3 (0.04%) 0.9570
Liver cancer 31 (0.05%) 18 (0.09%) | 11(0.04%) & 2(0.03%) & 0.0166
Pancrestic cancer 48 (0.08%) 19 (0.10%) | 27 (0.09%) 2 (0.03%) 0.1465
Gallbladder, extrahepatic bile duct 25 (0.04%) 16 (0.08%) 9 (0.03%) 0 (0.00%) 0.0024
Kidney cancer 148 (0.25%) | 65(0.33%) | 70(0.23%) | 13(0.16%) @ 0.0221
Colorectal cancer 163 (0.28%) | 70(0.35%) | 77(0.25%) | 16(0.20%) @ 0.0399
Gastric cancer 11 (0.02%) 5 (0.03%) 5 (0.02%) 1 (0.01%) 0.7033
Multiple Myeloma 49 (0.08%) 22 (0.11%) | 22(0.07%) 5 (0.06%) 0.2649
Thyroid cancer 209 (0.36%0) 81(0.41%) | 106 (0.35%) | 22(0.28%) | 0.2169
Non-obesity related cancer
Non-obesity related cancer 438 (0.75%) | 199 (1.01%) | 194 (0.64%) | 45(0.56%) & <.0001
Bronchus and Lung cancer 153 (0.26%) 72 (0.36%) 67 (0.22%) | 14(0.18%) 0.0023
Head and neck squamous cell carcinoma| 18 (0.03%) 8 (0.04%) 8 (0.03%) 2 (0.03%) 0.7258
Melanoma of skin 83 (0.14%) 45 (0.23%) | 32(0.11%) 6 (0.08%) 0.0004
Non-Hodgkin Lymphoma 127 (0.22%) | 57 (0.29%) | 51(0.17%) | 19(0.24%) @ 0.0175
Bladder Cancer 76 (0.13%) 26 (0.13%) | 43(0.14%) 7 (0.09%) 0.4924

*: P-values were based on Chi-squared test with exact p-value from Monte Carlo simulation.




Table 3. Estimated hazard ratios of explanatory variables and their 95% confidence intervals for
post-operative obesity-related cancer development based on a multivariable Fine-Gray model

Hazard Ratio with 95%
Variable Level Confidence Interval P-value*
Surgery type Gastric Band vs Gastric Bypass 1.203 (1.019, 1.419) 0.0556
Gastric Band vs Sleeve Gastrectomy 0.957 (0.720, 1.273)
Gastric Bypass vs Sleeve Gastrectomy 0.796 (0.600, 1.056)
Gender Femaevs Male 0.809 (0.680, 0.963) 0.0169
Age (continuous) Unit=1 year 1.043 (1.034, 1.052) <.0001
Race/ethnicity Asian, non-Hispanic vs Black, non- 3.134 (1.260, 7.796) 0.0807
Hispanic
Asian, non-Hispanic vs Hispanic 2.866 (1.153, 7.125)
Asian, non-Hispanic vs Other 2.612 (1.059, 6.441)
Asian, non-Hispanic vs White, non- 2453 (1.017,5.917)
Hispanic
Black, non-Hispanic vs Hispanic 0.914 (0.644, 1.298)
Black, non-Hispanic vs Other 0.833 (0.599, 1.159)
Black, non-Hispanic vs White, non- 0.783 (0.598, 1.025)
Hispanic
Hispanic vs Other 0.912 (0.654, 1.271)
Hispanic vs White, non-Hispanic 0.856 (0.652, 1.124)
Other vs White, non-Hispanic 0.939 (0.741, 1.190)
Insurance Commercia vs Medicaid 0.878 (0.577, 1.335) 0.0057
Commercia vs Medicare 0.668 (0.533, 0.839)
Commercia vs Other or unknown 0.845 (0.541, 1.321)
Medicaid vs Medicare 0.762 (0.476, 1.219)
Medicaid vs Other or unknown 0.963 (0.531, 1.747)
Medicare vs Other or unknown 1.264 (0.777, 2.058)
Congestive heart failure YesvsNo 1.982 (1.093, 3.595) 0.0243
Hypothyroidism YesvsNo 1.285 (1.034, 1.596) 0.0236
Coagulopthy YesvsNo 2.589 (1.200, 5.586) 0.0153

*: P-value was the type-3 p-value from multivariable Fine-Gray model.




Table 4. Estimated hazard ratios of explanatory variablesthair 95% confidence intervals for
post-operative non-obesity related cancer developivesed on a multivariable Fine-Gray

model
Hazard Ratio with 95%
Variable Level Confidence Interval P-value*
Patients' groups Surgical vs Non-surgical 0.819 (0.751, 0.893) <.0001
Age (continuous) Unit=1 year 1.074 (1.070,1.077) A <.0001
Gender Female vs Male 0.751 (0.704, 0.801) | <.0001
Race/ethnicity Asian, non-Hispanic vs Black, non- 0.818 (0.529, 1.265) | <.0001
Hispanic
Asian, non-Hispanic vs Hispanic 0.923 (0.592, 1.438)
Asian, non-Hispanic vs Other 0.689 (0.445, 1.068)
Asian, non-Hispanic vs White, non- 0.483 (0.314, 0.744)
Hispanic
Black, non-Hispanic vs Hispanic 1.128 (0.979, 1.299)
Black, non-Hispanic vs Other 0.842 (0.743, 0.954)
Black, non-Hispanic vs White, non- 0.590 (0.535, 0.650)
Hispanic
Hispanic vs Other 0.747 (0.643, 0.868)
Hispanic vs White, non-Hispanic 0.523 (0.460, 0.595)
Other vs White, non-Hispanic 0.701 (0.631, 0.779)
Insurance Commercial vs Medicaid 0.847 (0.765, 0.937) | <.0001
Commercial vs Medicare 0.856 (0.792, 0.926)
Commercial vs Other or unknown 1.042 (0.911,1.191)
Medicaid vs Medicare 1.012 (0.898, 1.139)
Medicaid vs Other or unknown 1.230 (1.049, 1.443)
Medicare vs Other or unknown 1.216 (1.052, 1.407)
Alcohol abuse Yes vs No 1.165 (0.972, 1.397) A 0.0989
Tobacco use Yes vs No 2.143 (1.986, 2.311) | <.0001
Any other Yes vs No 1.063 (0.978,1.155) & 0.1516

comorbidities

*: P-value was type-3 p-value from multivariable&iGray hazards model.
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Highlights:

» Therisk of cancer after bariatric surgery for patients with obesity were studied

» Bariatric Surgery patients had alower risk of cancer than non-surgery patients

* Roux-en-Y gastric bypass patients had the lowest risk of any type of cancer

» Expansion of bariatric indications for reducing the risk of cancer may be warranted



