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Abstract

Background—~Recent studies have suggested that metabolic surgery reduces cancer risk. This
study aims to determine if incident cancer is associated with the extent of weight loss after Roux-
en-Y Gastric Bypass (RYGB).
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Methods—~Patients at a large tertiary bariatric surgery center were retrospectively reviewed to
identify patients with no history of cancer at the time of RYGB. Diagnoses in the electronic health
record, a tumor registry, and chart review were used to identify post-operative incident solid organ
cancer. The overall incidence of organ cancer was estimated using Kaplan-Meier analysis. The
percent total body weight loss (% TWL) in the 48 months after surgery but prior to cancer was
compared between those that developed organ cancer versus those that did not using repeated
measures linear regression.

Results—The 2943 patients had a mean age of 45.6 years (SD=11.1), 81% were female, and a
mean baseline body mass index (BMI) of 47.2 kg/m? (SD=7.9). Median follow-up after surgery
was 3.8 years (range= [<1, 12]). Incident organ cancer developed and was verified in 54 of the
2943 patients (1.8%). Kaplan-Meier estimates for cancer at 3, 5, and 10 years post-surgery were
1.3%, 2.5%, and 4.2%. After adjusting for age, BMI, sex, diabetes, hypertension, and
dyslipidemia, patients that developed organ cancer achieved less weight loss (-1.5 % TWL, 95%
Cl=[-2.9%, -0.1%], p=0.034).

Conclusions—Greater weight loss after metabolic surgery may be associated with lower organ

cancer risk.
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Introduction

Between 1980 and 2008, the prevalence of overweight and obesity in developing countries
tripled from 250 million to 904 million. Combined with an increase in the developed world's
rates, a total of 1.5 billion overweight/obese adults was reached [1]. In the United States,
seven out of ten people are currently overweight or obese [2]. As a consequence of the
deleterious effects of obesity, a white male between the ages of 20 to 30 with a BMI of >45
will lose a maximum of 13 years of life as a result of obesity. This translates to a 22%
reduction in the life expectancy. Reduced life expectancy related to obesity results from an
increased risk of cardiovascular disease, hypertension, type 2 diabetes, stroke, gall bladder
disease, sleep apnea, asthma, depression, and certain cancers [3].

The 2007 World Cancer Research Fund/American Institute for Cancer Research (WCRF/
AICR) Diet and Cancer Report documented several common cancers linked to obesity, yet
less than one-half of all Americans are aware of this relationship [4]. The International
Agency for Research on Cancer (IARC) predicts that by the year 2032, new cancers will
increase by about 57% each year; cancer deaths will increase by about 59% [5]. According
to the AIRC, about 400,000 cases of the most common cancers in America can potentially
be prevented annually by maintaining healthy lifestyles which include maintaining a normal
weight [6]. Numerous large cohort studies with long-term follow-up, as well as meta
analyses and systematic reviews have demonstrated a consistent association between BMI,
mortality, and several cancers including breast, renal, ovarian, esophagus, pancreas, prostate,
cervix, hepatobiliary, gall bladder, colorectal, thyroid and melanoma [7-13].
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The health restorative power of metabolic surgery has been established by many long-term
studies which have demonstrated a benefit in all-cause mortality [14-17], improved
cardiovascular health [14-16], diabetes resolution [14-16], and resolution of metabolic
syndrome components [14]. More recent analysis of mortality benefits after metabolic
surgery suggest that a contributor to increased longevity is a reduced risk of cancer [18-20].
The results to date suggest that successful durable weight loss after metabolic surgery results
in lower cancer rates.

The inconsistencies in medical weight management may explain the lack of evidence
relating voluntary weight reduction to reduced cancer risk. Metabolic surgery is the only
current treatment which offers durable weight loss for extremely obese individuals. While
the majority of metabolic surgery patients experience successful post-operative weight loss,
the amount of weight loss varies between procedures and between patients having the same
procedure [21].

Although one might postulate that if weight loss causes the reduced cancer risk, then the
extent of weight loss should also be related to the reduced risk [7]. In at least one study, this
has been investigated and no correlation was found [20]. The purpose of this study is to
further assess the relationship between the magnitude of the weight loss achievement after
metabolic surgery and cancer incidence utilizing a large single-center clinical registry.

Methods and Materials

Metabolic surgery patients were enrolled into an IRB-approved research program on obesity
at the Center for Nutrition and Weight Management at Geisinger Clinic. The program
includes a standardized pre-operative program and comprehensive clinical data collection
before and after surgery [22]. For this study, the parent cohort included patients with primary
RYGB surgery completed between 1/1/2002 and 6/30/2013 (n=3087). All patients had a
baseline BMI >35 kg/m? and at least 30 days of follow-up after surgery. A thorough review
of electronic medical records and local tumor registries was conducted to identify and
exclude those with a history of cancer prior to RYGB (n=107). The remaining 2983 patients
were reviewed for post-operative cancer diagnoses.

Both electronic health records and the health system tumor registry were used to identify
and confirm patients with post-operative incident solid organ cancer. In both cases, the
timing and type of cancers were noted and compared between the two sources. All
discrepancies were resolved through subsequent chart review. Patients with benign tumors
(n=12), skin cancers (n=17), bone cancers (n=1), or blood-cell derived cancers (n=7) were
excluded from the analysis, leaving 2943 patients in the final analysis. The list of post-
surgery new solid organ cancer patient cases were categorized according to organ systems
including Breast/Genitourinary, Digestive, Endocrine, Respiratory, and Nervous System.

The characteristics of patients that developed solid organ cancers were compared to those
that did not using two-sample t-tests and Chi-squared tests. The overall incidence of post-
operative solid organ cancer was estimated using Kaplan-Meier analysis. Post-operative
weight measures at 6, 12, 24, 36, and 48 months post-surgery were evaluated for all patients.
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If a patient developed solid organ cancer, only weight measures occurring before the organ
cancer diagnoses were included. The weight measures were used to calculate percent of total
body weight loss (%TWL) at each time point. % TWL was compared between those that
developed organ cancer and those that did not at each time point using two-sample t-test. In
multiple regression analysis, a repeated-measures model was used to determine if overall
weight loss was lower in the cancer group after adjusting for BMI, age at surgery, sex, and
metabolic co-morbidity burden. SAS version 9.3 was used for statistical analysis and p-
values <0.05 were considered significant.

The 2943 patients had a mean age of 45.6 years (SD=11.1), 81% were female, and a mean
baseline BMI of 47.2 kg/m? (SD=7.9). Median follow-up after surgery was 3.8 years
(range=[<1, 12]). Incident solid organ cancer was verified in 54 of the 2943 patients (1.8%).
The most common organ system with incident cancer was breast/genitourinary (n=29),
followed by digestive (n=15), endocrine (n=5), respiratory (n=4), and nervous system (n=1)
(Figure 1).

Patients that developed cancer were older at surgery as compared to those that did not
develop cancer (53.3 years versus 45.4 years, p<0.0001, Table 1). Mean BMI (p=0.825) and
sex distribution (p=0.608) were similar between the groups. Though not significant, the
organ cancer group had a higher percentage of patients with diabetes (44% vs 35%,
p=0.161) and hypertension (57% vs 49%, p=0.203). The percent with a dyslipidemia
diagnosis was 39% in both groups (p=0.940). Kaplan-Meier estimated rates of incident solid
organ cancer at 3, 5, and 10 years post-surgery were 1.3%, 2.5%, and 4.2% (Figure 2).

At 6 months and 12 months post-surgery, the mean % TWL in the solid organ cancer group
was significantly lower than the %TWL in the no solid organ cancer group (6 months:
22.2% vs 24.2%, p=0.017; 12 months: 27.8% vs 31.1%, p=0.0079; Table 2). Though not
significant, the %TWL was 1.3-3.4% lower in the organ cancer group at 24 and 48 months
after surgery. In the regression model for % TWL across the 48 months after surgery, the
patients that developed a solid organ cancer had a net decrease of 2.3% less TWL (95%
ClI=[-3.7%, -0.9%], p=0.0012). After adjusting for age, BMI, sex, diabetes, hypertension,
and dyslipidemia, patients that developed organ cancer had a net decrease of 1.5% less TWL
(95% CI=[-2.9%, -0.1%], p=0.034) (Figure 3).

Conclusions

Metabolic surgery has emerged as a powerful tool restoring health and quality of life as
many of the important obesity-related medical conditions either resolve or improve in
association with surgical weight loss. The recent findings suggesting a reduction in cancer
risk with surgical weight loss provide additional support for the importance of this treatment.

The association between cancer and obesity is now well established. The IARC reviewed the
obesity prevalence in Europe and the current cancer risks in obesity from published studies
and found that obesity was associated with significant numbers of cancers of the colon,
breast, endometrial, and kidney, and esophagus [23]. In 2003, Calle prospectively studied
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over 900,000 cancer-free adults. With a follow-up of 16 years, 57,145 cancer fatalities were
noted. A higher BMI was associated with increased death rates from solid organ cancers [8].
The AICR and WCRF have reported that there is clear and consistent evidence showing that
body fatness increases the risk of esophageal, pancreatic, gall bladder, colorectal, post-
menopausal breast, ovarian, kidney, prostatic, endometrial, and liver cancers [24]. In a
prospective cohort study of over 1 million people in the United Kingdom, Reeves reported
that increasing obesity was associated with an increased incidence of endometrial cancer,
esophageal adenocarcinoma, renal cancer, leukemia, multiple myeloma, pancreatic cancer,
and non-Hodgkin's lymphoma [10]. In a review of published epidemiological studies of
obesity and cancer, Wolin estimated that overweight and obesity is responsible for 20% of
cancer cases [9]. These findings are also supported by several systematic reviews of the
association of increasing obesity and cancer incidence [7-8, 14]. In addition, recent studies
add strong evidence for an association between ovarian, prostate, and post-menopausal
breast cancer with increasing obesity [25].

The mechanisms which explain the relationship between obesity and its co-morbid
conditions which include diabetes, hypertension, cardiovascular disease, and cancer are felt
to be related to physiologic alterations in white adipose tissue (WAT) associated with
expansion in the setting of excess calorie intake. The primary function of WAT is energy
storage as lipids in order to maintain energy availability in case of caloric deprivation. In
addition to its known storage function, adipose tissue is now considered an endocrine organ
because of its secretory products called adipokines. Diet induced adipose tissue expansion
results in alterations in adipokine secretion resulting in systemic effects, which include
metabolic dysfunction, and a chronic state of low-grade inflammation, both of which are felt
to contribute to carcinogenesis, tumor progression and tumor spread [26].

The expansion of adipose tissue results in an influx of macrophages which stimulate the
release of TNF-a, IL-6, and IL-1p and enhance local inflammation. Alterations in intestinal
permeability may also result in translocation of bacterial products which contributes to the
chronic inflammatory state [27]. Increased inflammatory activity results contribute to
metabolic dysfunction and insulin resistance [26, 28]. Increases in inflammatory mediators
and associated metabolic dysfunction result in increased levels of insulin and estrogen which
have stimulatory effects on human cancers. Increases in insulin will increase levels of
insulin-like growth factor-1 (IGF-1) which also has mitogenic properties [28].

The favorable benefits of metabolic surgery on metabolic dysfunction, adipokine profile, and
inflammation likely explain the emerging evidence which suggests that metabolic surgery
reduces cancer risk. Christou compared health outcomes in 1035 patients who underwent
metabolic surgery compared with 5746 non-surgical obese controls and demonstrated
reductions in medical encounters for cardiovascular disease and other conditions including
cancer in the surgical cohort [16]. In a similar study with cancer as the primary endpoint,
these authors found a significant reduction in breast cancer cases and a trend toward
reduction in other cancers in metabolic surgery patients in comparison to non-surgical obese
controls [18]. In a similar sequence of studies, Adams demonstrated improved survival in
metabolic surgery patients when compared to non-operated controls [15] and, subsequently
showed that a contributor to the improved health outcomes associated with metabolic
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surgery was a reduced cancer incidence in women [19]. Similar findings have been reported
by Sjostrom in the Swedish Obesity Study demonstrating both improved survival as well as
a reduction in cancer incidence in obese women in longitudinal studies of metabolic surgery
outcomes when compared with non-surgical obese controls [17, 20]. Several recent studies
with the focus on longer term follow-up have raised questions about the relationship
between obesity, bariatric surgery, and colorectal cancer risk with suggestive evidence that
the risk of colorectal cancer may be increased after bariatric surgery [29-30]. However, the
large majority of evidence as well as several systematic reviews and a meta-analyses suggest
that bariatric surgery favorably affects the cancer risk for many solid organ cancers,
especially in women [7, 14, 31-32].

This study reflects a single center experience in review of new solid organ cancers identified
in metabolic surgery patients and attempts to explore the relationship between weight loss
and cancer incidence. We chose to include only those solid organ cancers where there is
strong evidence confirming an association between obesity and cancer risk. Tumors such as
melanoma, bone cancer, and blood-cell derived cancers where there is controversial or
limited evidence regarding an association with obesity were excluded from this study. In
sensitivity analysis, we found that the results of the study did not change due to the
exclusion of this small subgroup of patients.

Recommendations from the current literature suggest the use of %TWL versus %EWL when
comparing different patients or non-randomized groups of bariatric patients [33]. Therefore,
our analysis was described in %TWL. However, further calculations were performed and
after adjusting for baseline BMI, sex, age, diabetes, hypertension, and dyslipidemia, analysis
of the data by %EWL was no different.

In this study, post-operative patients who developed solid organ cancers were identified and
confirmed by review of electronic medical records, review of tumor registry data, and
confirmatory chart review. Although a single center for this study was employed, the data
came from a large, validated cohort of bariatric patients from a consistent source. An
additional strength of this study is the long-term follow-up time that included longitudinal
post-operative weight measurements.

Limitations of this study relate to the demographics of the study population, derived from a
homogenous population that was limited to RYGB surgery in a mostly Caucasian, rural
population thereby making it difficult to extrapolate results to other populations. The small
number of cases resulted in a lower statistical power, particularly if there was an interest in
determining if the association between weight loss and cancer is modified by the type of
organ cancer (e. g. breast versus digestive). In addition, the current methodology does not
exclude the possibility that some of the solid organ cancers identified in the early post-
operative period may have been present at the time of metabolic surgery. Acknowledging the
variation of the median follow-up after surgery, we also realize that the surgery effect may
be due to age at the incidence.

Our data demonstrates that there may be a relationship between the magnitude of weight
loss and the extent of cancer risk reduction following metabolic surgery. This is the first
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study which demonstrates a possible relationship between the extent of weight loss and
cancer risk reduction. Although the actual weight loss differences between those developing
cancer after metabolic surgery and the non-solid organ cancer group are statistically
significant only at 12 months, the regression model reflecting adjustment for age, BMI, sex,
gender, diabetes, dyslipidemia and hypertension demonstrates a statistically significant
reduction in weight loss across the 48 months in those who developed a new solid organ
cancer. We suspect that the lack of statistical significance at other points in time is a
combined result of the diminishing sample size at and after the 24-month time point (e.g.
only n=29 remaining in the organ cancer group at 24 months) and the diminishing effect of
surgery as time from surgery increases.

It is known that weight loss results in improvement in metabolic dysfunction, systemic
inflammation, and the adipokine secretory profile. Thus, it seems intuitive that more weight
loss might result in physiologic alterations which would favorably affect cancer risk [34].
Only one of the longitudinal studies addressing cancer occurrence after bariatric surgery has
addressed this issue. No association between the extent of weight loss and cancer risk was
noted [20]. Hopefully, these preliminary findings will lead to more formal studies of the
relationship between the extent of weight loss after metabolic surgery and cancer risk
reduction. Furthermore, a positive association between surgical weight loss and cancer risk
might prove to be an added incentive for patients to adhere to lifestyle changes that impact
their overall survival.
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Figure 1. Organ systemswith organ cancers after Roux-en-Y gastric bypass
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Figure 2. Kaplan-Meier curve for timeuntil incident organ cancer after Roux-en-Y gastric

bypass (N=2943)
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p-value=0.034
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Figure 3. Mean % EWL (raw means and model estimated means) compared between patients
that had post- Roux-en-Y gastric bypass organ cancer (n=54) ver sus those without organ cancer

(n=2889)
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