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Abstract

Background: The number of bariatric surgeries performed in the United States has increased
substantially since the 1990°s. However, the prevalence and prognostic impact of bariatric surgery,
or weight-loss surgery (WLS), among cancer patients are not known.

Objectives: We investigated the population-based prevalence of WLS in women with breast or
endometrial cancer and conducted exploratory analysis to examine whether post-diagnosis WLS is
associated with survival.

Setting: Administrative statewide database.

Methods: WLS records for women with non-metastasized breast (n=395,146) or endometrial
(n=69,859) cancer were identified from the 1991-2014 California Cancer Registry data
linked with the California Office of Statewide Health Planning and Development database.
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Characteristics of the patients were examined according to history of WLS. Using body

mass index data available since 2011, a retrospective cohort of breast and endometrial cancer
patients with obesity (n=12,540) was established and followed until 2017 (5% loss-to-follow-
up). Multivariable cause-specific Cox proportional hazards models were used to examine the
associations between post-diagnostic WLS and time to death.

Results: WLS records were identified for 2,844 (0.7%) breast and 1,140 (1.6%) endometrial
cancer patients; about half of the surgeries were performed after cancer diagnosis. Post-diagnosis
WLS was performed in ~1% of patients with obesity and was associated with a decreased hazard
for death (cause-specific hazard ratio=0.37; 95% confidence interval=0.014-0.99; P=0.049),
adjusting for age, stage, comorbidity, race/ethnicity, and socioeconomic status.

Conclusions: About 2,000 breast or endometrial cancer patients in California underwent post-
diagnosis WLS between 1991 and 2014. Our data support survival benefits of WLS after breast
and endometrial cancer diagnosis.
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Introduction

The prevalence of obesity, defined as a body mass index (BMI) of =30kg/m?, steadily
increased in recent decades in the United States (US), affecting nearly 40% of adults in
2015-20161. Obesity is associated with numerous health conditions including diabetes,
coronary heart disease, and many types of cancer including cancers in the esophagus, colon,
rectum, endometrium, breast (among postmenopausal women) and others?4. Endometrial
cancer has been the cancer type most strongly associated with obesity3-4; risk decreased
significantly in association with weight loss®. Data from >36,000 postmenopausal women
in the Women’s Health Initiative (WHI) observational study have shown that women

who intentionally lost =5% of their baseline weight were at a significantly lower risk of
endometrial cancer compared to women with stable weight (hazard ratio (HR)=0.60; 95%
confidence interval (C1)=0.42-0.86)°. The WHI observational study also reported reduced
risk of postmenopausal breast cancer in association with =5% weight loss (HR=0.88; 95%
C1=0.79-0.98)5".

Obesity has been also associated with all-cause mortality® and mortality from breast and
endometrial cancer®. Obesity has been consistently associated with poorer overall-and breast
cancer-specific survival as well as progression-free survival among women with breast
cancer1®-13 independent of stage and treatment4-17. In a meta-analysis of 82 studies,
relative risk (RR) of death comparing women with obesity vs. normal weight was 1.41, and
RR of death per 5 kg/m? increase in BMI was 1.1710. Although data for endometrial cancer
have been less consistent'8-22, a significant association between obesity and poorer survival
has been reported in a 2016 meta-analysis?3 and in all five larger studies (n>500 patients)
conducted in the US19-21.24.25 independent of stage and treatment in studies that adjusted
for these factors 19:20.25,
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Bariatric surgery, or weight-loss surgery (WLS), is now considered as the most effective
treatment in maintaining significant long-term weight loss in patients with obesity26-30,
The number of WLS performed in the US increased exponentially in the 1990°s and early
2000°s31-35, The estimated WLS procedures performed in 2019 was about 256,000 3234,
Inverse associations between WLS and endometrial cancer risk were reported in a 2018
meta-analysis (RR=0.32)3% and four additional studies (RR ranging from 0.21 to 0.56)37-40,
For breast cancer, inverse associations (RR ranging from 0.17 to 0.75) were reported from
all37-43 put one** of the published studies.

Given the reported strong inverse associations between WLS and risk of breast38:39:41:43
and endometrial cancer3’-39 and the well-established association between obesity and
all-cause and cancer-specific mortality8?, it is possible that an increasing number of
breast and endometrial cancer patients may opt to undergo WLS. However, the population-
based prevalence of WLS among breast and endometrial cancer patients is not known.
Furthermore, the association between post-diagnostic WLS and survival in breast cancer
and endometrial cancer patients has not been investigated to our knowledge. Using data
from the California Cancer Registry (CCR) and the California Office of Statewide Health
Planning and Development (OSHPD) that includes inpatient, emergency department, and
ambulatory surgery data, we examined the prevalence of WLS in women with breast
cancer and endometrial cancer and evaluated whether post-diagnosis WLS is associated
with survival outcome.

Materials and Methods

Database:

The CCR is the statewide population-based cancer registry in California and provides
demographic, tumor characteristic, and survival data on all incident cancer patients
diagnosed among residents in California since 1988. The CCR regularly conducts data
linkage with the OSHPD database#>~47. Since 1991, OSHPD provides inpatient discharge
data (Patient Discharge Data (PDD)) from California-licensed hospitals. Additionally, since
2005, Emergency Department Data (EDD) from hospitals licensed to provide emergency
medical services in California and Ambulatory Surgery Data (ASD) from licensed surgical
clinics and hospitals licensed for outpatient surgery in California®® are available. Licensed
hospitals include general acute care, acute psychiatric, chemical dependency recovery, and
psychiatric health facilities#8. The CCR database includes the Charlson Comorbidity Index,
a weighted score of 16 co-morbid medical conditions including diabetes identified using
the OSHPD records between 1 year prior to cancer diagnosis and 6 months after cancer
diagnosis?*’.

Identification of non-metastasized (localized/regional stage) breast and endometrial

cancer:

We identified from the CCR non-metastasized first primary invasive breast (n=405,517)
and endometrial (n=72,121) cancer between 1991 and 2014 in California among women
aged 20 or older at diagnosis (see Supplementary Methods for details). Patients diagnosed
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with distant (metastasized) or unknown stage were excluded because these patients may not
consider WLS for their obesity.

Identification of WLS:

WLS procedures in OSHPD data were identified using the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes (for PDD)
and Current Procedural Terminology (CPT) codes (for EDD and ASD) for records noted
with diagnosis of obesity or morbid obesity (Supplementary Methods), using similar
approaches as previous studies31:40:49-52 \We applied the same list of procedure codes used
in the report published by the OSHPD#® with minor modifications to exclude non-specific
procedures in the stomach (Table 1 and Supplementary Table 1).

Construction of a retrospective cohort of breast and endometrial cancer patients with
obesity for exploratory survival analysis:

We retrospectively constructed a cohort of breast and endometrial cancer patients with
obesity diagnosed at localized or regional stage to conduct exploratory analysis to evaluate
the association between WLS and time to death (see Statistical Analysis for methods to
minimize potential biases). Patients who underwent WLS prior to cancer diagnosis were not
included in this cohort. Information on BMI/obesity is typically not available in the OSHPD
database except for WLS patients whose obesity condition was indicated by the diagnosis
codes at the time of WLS. To identify cancer patients with obesity but without WLS
diagnosis codes, we used height and weight information that became available in the CCR
database starting around 2011. For cancer patients diagnosed in 2011-2012 and 2013-2014,
height and weight information was available for ~20% and ~30%, respectively, allowing us
to identify a large number of patients with obesity (BM1=30 kg/m?2). Specifically, among
97,071 women diagnosed with a first primary localized or regional stage breast cancer
(n=76,261) or endometrial cancer (n=15,810) between 2011-2014, 13,617 patients (9,941
breast cancer; 3,676 endometrial cancer) had obesity. Of these, we excluded 959 patients
who underwent WLS prior to cancer diagnosis (723 breast cancer; 236 endometrial cancer),
and 79 patients whose survival time information was missing, and 39 patients with unknown
dates of second primary cancer diagnosis. The final retrospective cohort for survival analysis
consisted of 12,540 patients with obesity diagnosed with breast (n=9,151) or endometrial
(n=3,389) cancer between 2011-2014.

Statistical analysis:

We conducted descriptive analysis to evaluate the frequency of WLS in 395,146 breast
cancer patients and 69,859 endometrial cancer patients after excluding patients diagnosed
with cancers of digestive tract (Supplementary Methods).

The CCR routinely ascertains vital status of cancer patients by following up with hospitals
and conducting linkages to state and national large administrative databases®3. A patient
whose vital status has not been updated for more than 15 months after the last contact is
considered lost to follow-up®*; 5% of our survival analysis cohort were lost to follow-up
at the end date of follow-up (December 31, 2017). We calculated the survival time from
date of first cancer diagnosis (breast or endometrial) to date of death, date of diagnosis
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of second primary cancer, date of last known follow-up, or the end date of follow-up,
whichever came first. For patients who were still alive at time of last follow-up, time to
death was censored at the date of last known follow-up or the end date of follow-up.
Because diagnosis of second primary cancer may influence the decision to 20 undergo WLS
and prognosis of these patients would be primarily determined by the type of cancer rather
than WLS, we treated patients who developed a second primary cancer during the follow

up period as a competing risk and removed them from the risk set by censoring them at the
time of second cancer diagnosis (n=732 and n=237 among breast and endometrial cancer
patients, respectively). Patients with an incomplete date (unknown month/day) of second
cancer diagnosis (n=30) had dates assigned at the middle of the year/month (e.g., June/15).
A cause-specific Cox proportional hazards model, where “cause-specific” refers to deaths of
all causes as the outcome of interest and considers diagnosis of another cancer as censoring,
was used to evaluate the association between WLS and time to death. The association is
quantified through the cause-specific HR and corresponding 95% CI. We treated WLS as

a time-varying covariate to account for the length of time between WLS and first cancer
diagnosis for each subject®®.

We conducted multivariable analyses separately for breast cancer and endometrial cancer
patients as well as combining the two sets of patients (stratified by cancer site). As WLS

is an elective procedure and healthier cancer-free patients might be more likely to opt for
WLS, we statistically adjusted for prognostic factors, including stage, Charlson Comorbidity
Index?’, age at cancer diagnosis, race/ethnicity, and neighborhood socioeconomic status
(SES)6:57 (Supplementary Methods). Given the limited number of deaths relative to the
number of covariates in the model, we additionally constructed a multivariable model
adjusting for quintiles of a propensity score calculated based on the covariates listed
above®859, In addition, we conducted a series of sensitivity analyses to evaluate whether

the observed associations are robust (Supplementary Methods), such as increasing BMI cut
point to =35 kg/m? (instead of =30 kg/m?2) for inclusion as non-WLS group and additionally
adjusting for BMI by restricting the participants to those with BMI information (about 30%
of the survival analysis cohort). All p-values reported are two-sided.

Descriptive analysis

Among the 395,146 breast cancer patients and 69,859 endometrial cancer patients diagnosed
in California between 1991-2014, we identified WLS records for 2,844 breast cancer
patients (0.7%) and 1,140 endometrial cancer patients (1.6%) (Table 2). Because of

the cross-sectional nature of the CCR-OSHPD linkage, follow up time to ascertain post-
diagnosis WLS varied depending on the year of cancer diagnosis. For example, cancer
patients diagnosed in 2011-2014 have been followed for post-diagnostic WLS only for a
maximum of 4 years (i.e. up to December 31, 2014; the most recent OHSPD data available
for this analysis). Despite this limitation, a significant proportion of WLS we identified was
performed after cancer diagnosis (49% for breast cancer patients (n=1,407) and 59% for
endometrial cancer patients (n=677)). Consistent with the differences in follow-up time after
cancer diagnosis, patients who underwent WLS affer cancer diagnosis were diagnosed in
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earlier years than patients who underwent WLS prior to cancer diagnosis. Compared to the
no-WLS group, the two WLS groups were younger at cancer diagnosis and more likely to
have a comorbid condition(s), particularly for the group with a WLS record prior to cancer.
The proportion of Asian/Pacific Islanders was much lower in both WLS groups compared
to the no-WLS group. Although the no-WLS group had a higher SES than the two WLS
groups, this difference was not observed when limiting the comparisons to patients with
obesity. In the breast cancer cohort, patients who underwent WLS after cancer diagnosis
were more likely to have an ER-negative tumor, but this difference disappeared when
examining women of ages 50 or older. Stage at diagnosis was similar across the three groups
for breast cancer patients. For endometrial cancer patients, patients who underwent WLS
after cancer diagnosis had a much higher proportion of localized stage cancer.

The majority (97%) of the WLS group had only one record of WLS; 4-5% had a

record of revision/removal of a previous bariatric procedure or device(s) (Table 2). Among
patients who underwent WLS after cancer diagnosis, average time interval between cancer
diagnosis and WLS was 6.4 years and 5.5 years for breast and endometrial cancer patients,
respectively.

Almost all the bariatric surgeries were inpatient procedures: 94% from the PDD, 6% from
the ASD, and no records from the EDD (Supplementary Table 1). The most common

WLS procedures codes were 44.38 (laparoscopic gastroenterostomy) and 44.31 (high
gastric bypass). Other codes observed for ~200 to ~400 records include 44.39 (other
gastroenterostomy without gastrectomy), 43.82 (laparoscopic vertical (sleeve) gastrectomy),
44.95 (Laparoscopic gastric restrictive procedure), and 43.89 (open and other partial
gastrectomy).

Survival analysis among patients with obesity diagnosed with breast or endometrial
cancer between 2011 and 2014

Compared to patients who did not undergo WLS, those who underwent WLS after cancer
diagnosis were younger, of higher SES, more likely to have been diagnosed at localized
stage. Average time interval between cancer diagnosis and WLS was 1.74 and 1.52 years for
breast and endometrial cancer patients, respectively (Supplementary Table 2). Patients who
underwent WLS after their cancer diagnosis had a statistically significantly decreased hazard
for death of any cause (cause-specific HR=0.37, 95% CI=0.14-0.99, P=0.049) compared to
patients with breast cancer or endometrial cancer and obesity who had not yet undergone
WLS when adjusting for stage, age at cancer diagnosis, SES, race/ethnicity, and comorbidity
(Table 3). The statistical significance of this association weakened slightly in the alternative
multivariable model adjusting for propensity score, but the HR estimate was essentially
identical (HR=0.38; 95% CI=0.14-1.04; P=0.059).

As 75% of patients were enrolled (i.e., diagnosed with cancer) in 2013-2014 and could

be followed up for a maximum of 3—-4 years (Supplementary Table 3), there is a large
decrease in the number at risk between years 3-5 (Supplementary Table 4). Multivariable
HRs for covariates are presented in Supplementary Table 5. The association between WLS
and death remained in the same direction for all of the sensitivity analyses and, in general,
the magnitudes of the HRs were similar to the primary analysis including when the no-
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WLS group included patients with BMI 35-<80 kg/m? only (Figure 1). When limiting the
analyses to women with a Charlson Comorbidity Index of 0, the association was attenuated
(cause-specific HR=0.76, 95% CI1=0.242.40) but remained in the same direction. When

we restricted the analyses to women with BMI information (kg/m?2) at the time of cancer
diagnosis (i.e., ~30% of the survival analysis cohort), an inverse association (HR=0.61; 95%
Cl1=0.15-2.43) was still observed.

Discussion

Using the population-based cancer incidence data from the CCR linked with the population-
based hospital discharge database in California, our analysis is among the first to describe
the population-based prevalence of WLS in women with breast cancer and endometrial
cancer, showing that more than half of WLS among these cancer patients were performed
after their cancer diagnosis. Our analysis provides the first evidence that WLS after breast
cancer or endometrial cancer diagnosis is associated with better survival.

In California, about 14,000 bariatric surgeries were performed each year between 2005~
20149, Our cross-sectional analysis of the CCR-OSHPD data found that 2,844 breast cancer
patients and 1,140 endometrial cancer patients diagnosed between 1991 and 2014 underwent
WLS either before or after their cancer diagnosis. Demographic characteristics of the WLS
group are in line with the previously reported characteristics of WLS patients in the general
population. For example, the race/ethnicity distribution of the WLS group in our study

was similar to the distribution reported among WLS patients in the general population in
California in 2005-2009 (~68% NHW,; ~9% non-NHB, ~ 18% Hispanic; 3% Asian/Pacific
Islander)#®. In our study, the mean age at breast cancer diagnosis was younger in the

WLS group than in the no-WLS group, especially for the group who underwent WLS after
cancer diagnosis (Table 2), consistent with the report that the majority (97%) of bariatric
surgeries are conducted for women younger than age 654°. The difference in age at cancer
diagnosis likely explains the apparent difference in ER-positivity across WLS and no-WLS
groups because ER-positivity is more common in older patients9 and the difference in ER
positivity was not observed among women of ages 50 or older. The higher proportion of
patients with comorbidity in the two WLS groups is likely to reflect the common indications
for WLS: morbid obesity or obesity with a comorbid condition®.

Consistent with the established association of obesity with increased risk of endometrial
cancer34 and postmenopausal breast cancer2:63, as well as poorer survival in breast
cancer patients1®11 and possibly in endometrial cancer patients'®20, our data demonstrate
a decreased risk of death (cause-specific hazard) in at-risk breast cancer and endometrial
cancer patients who subsequently underwent WLS. Weight loss following WLS in cancer
survivors was shown to be similar to that in the general population®4. The survival

benefits following WLS are likely, at least partially, to be due to reduction in excess
weight and improvement in metabolic disorders including diabetes or insulin resistance and
dyslipidemia26:30.65.66 \W|_S has been also shown to lower levels of systemic inflammation
markers such as C-reactive protein (CRP)%5-69, Markers of systemic inflammation such

as CRP, neutrophil-lymphocyte ratio, or platelet-lymphocyte ratio, and dyslipidemia were
shown to be correlated with crown-like structures in the breast tissue, a marker of breast
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adipose tissue inflammation’%:71, and associated with poor survival among breast’2-"° and
endometrial cancer patients’®77.

In a 2014 survey of gynecologic oncology providers, only 51% consistently provided
counseling about weight loss to patients with overweight/obesity, but the majority of
respondents were open to offering WLS as a treatment if WLS is “proven to reduce the

risk of cancer, recurrence, or improve mortality”’8. Despite the paucity of data on the role of
WLS on survival in cancer patients, sufficient evidence on reduced risk of endometrial
cancer has led WLS to gain attention as a means to lower mortality in endometrial

cancer patients’%89. Our findings provide additional information for healthcare providers

to consider when consulting non-metastasized breast and endometrial cancer patients with
obesity or morbid obesity and referring their patients to medical or surgical weight loss.

The strength of our study is that it is the first investigation using population-based databases
to examine the prevalence of WLS and its potential impact on survival among cancer
patients. One of the limitations of our study is that BMI information was available for

only a subset of patients thus limiting the sample size for survival analysis and adjustment
for BMLI. In addition, we cannot exclude the possibility that healthier cancer-free patients
were more likely to choose to undergo post-diagnosis WLS, an elective procedure, whereas
patients with recurrent cancer or other serious health conditions would opt out of WLS.

We minimized this potential bias by adjusting for cancer stage and Charlson Comorbidity
Index in the analysis. The results did not change when we limited the analysis to patients
diagnosed with localized cancer and the direction of the association was unchanged when
the analysis was limited to women without comorbidity. Survival rates are high for localized
breast and endometrial cancer: for localized breast cancer, 5-year and 7-year relative
survival rates are 99% and 98%, respectively; for localized endometrial cancer, 95% and
949%, respectively8L. Thus, we believe that selective uptake of WLS based on their cancer/
prognostic status cannot completely explain the ~3-fold difference in survival between the
two groups.

Conclusions

About 2,800 patients with breast cancer and ~1,100 patients with endometrial cancer
diagnosed between 1991 and 2014 in California underwent WLS for obesity. More than

half of these WLS were performed after their cancer diagnosis. Our data support survival
benefits of WLS after breast or endometrial cancer diagnosis but confirmation of results

in a prospective study is needed. If medically indicated and benefits outweigh risks, WLS
might be an option to manage morbid obesity uncontrolled by lifestyle intervention in breast
cancer and endometrial cancer patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. Prevalence of bariatric surgery studied in breast/endometrial cancer survivors.

. ~2000 survivors in California diagnosed between 1988-2014 underwent
bariatric surgery.

. Survival benefits of post-diagnosis bariatric surgery observed.
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All Patients N = 12540 -

Exclude revision/removal procedures >12525 -

Exclude surgery within 6 months of diagnosis 12525 ——
Localized stage only 8627 -
Charlson Comorbidity Index = 0 6126 ——
Include BMI 35-<80 kg/m? only (in the no-WLS group) 6186 -

Remove patients with incomplete date 2nd diagnosis 12503 -

I T T T T 1

0 05 1 15 2 25
Cause-Specific Hazard Ratio

Figure 1.
Forest plot for the association between bariatric surgery and time to death among subgroups

of patients with obesity diagnosed with breast cancer and endometrial cancer between 2011
and 2014*

Abbreviations: BMI, body mass index; NHW, non-Hispanic white; NHB, non-Hispanic
black; SES, socio-economic status

* Stratified by cancer site and adjusted for stage (localized, regional), age at cancer
diagnosis (<40, 40-49, 50-59, 60-69, 70-79, =80), Charlson Comorbidity Index (0,

>1, unknown), race/ethnicity (NHW, NHB, Hispanic, Asian/Pacific Islanders/Other), SES
(quintiles)
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Diagnostic and procedure codes used to define WLS
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Data source

PDD (inpatient, 1991-2014)

ASD/EDD (2005-2014)

Procedure code format

ICD-9-CM

CPT code

Procedure codes for WLS

8 codes (43.7, 43.82, 43.89, 44.31, 44.38,
44.39, 44.68, 44.95)

9 codes (43644, 43645, 43770, 43775, 43842, 43843,
43845, 43846, 43847)

Procedure codes for revision
or removal of bariatric surgery

component

3 codes (44.5, 44.96, 44.97)

13 codes (43771, 43772, 43773, 43774, 43848, 43850,
43855, 43860, 43865, 43886, 43887, 43888, s2083)

Abbreviation: WLS, weight loss surgery; PDD, Patient Discharge Data; EDD, Emergency Department Data; ASD, Ambulatory Surgery Data;
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification, CPT, Current Procedural Terminology
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