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Effects of bariatric surgery on cancer incidence in obese
patients in Sweden (Swedish Obese Subjects Study):
a prospective, controlled intervention trial

Lars Sjostrom, Anders Gummesson, C David Sjostrom, Kristina Narbro, Markku Peltonen, Hans Wedel, Calle Bengtsson, Claude Bouchard,
Bjérn Carlsson, Sven Dahlgren, Peter Jacobson, Kristjan Karason, Jan Karlsson, Bo Larsson, Anna-Karin Lindroos, Hans Lonroth, Ingmar Ndslund,
Torsten Olbers, Kaj Stenldf, Jarl Torgerson, Lena M S Carlsson, for the Swedish Obese Subjects Study

Summary

Background Obesity is a risk factor for cancer. Intentional weight loss in the obese might protect against malignancy,
but evidence is limited. To our knowledge, the Swedish Obese Subjects (SOS) study is the first intervention trial in the
obese population to provide prospective, controlled cancer-incidence data.

Methods The SOS study started in 1987 and involved 2010 obese patients (body-mass index [BMI] 234 kg/m2 in men,
and =38 kg/m2 in women) who underwent bariatric surgery and 2037 contemporaneously matched obese controls,
who received conventional treatment. While the main endpoint of SOS was overall mortality, the main outcome of
this exploratory report was cancer incidence until Dec 31, 2005. Cancer follow-up rate was 99-9% and the median
follow-up time was 10-9 years (range 0-18-1 years).

Findings Bariatric surgery resulted in a sustained mean weight reduction of 19-9 kg (SD 15-6 kg) over 10 years,
whereas the mean weight change in controls was a gain of 1-3 kg (SD 137 kg). The number of first-time cancers after
inclusion was lower in the surgery group (n=117) than in the control group (n=169; HR 0-67, 95% CI 0-53-0-85,
p=0-0009). The sex—treatment interaction p value was 0-054. In women, the number of first-time cancers after
inclusion was lower in the surgery group (n=79) than in the control group (n=130; HR 0-58, 0-44-0-77; p=0-0001),
whereas there was no effect of surgery in men (38 in the surgery group vs 39 in the control group; HR 0-97, 0-62-1-52;
p=0-90). Similar results were obtained after exclusion of all cancer cases during the first 3 years of the intervention.

Interpretation Bariatric surgery was associated with reduced cancer incidence in obese women but not in obese

men.

Funding Swedish Research Council, Swedish Foundation for Strategic Research, Swedish Federal Government under
the LUA/ALF agreement, Hoffmann La Roche, Cederoths, AstraZeneca, Sanofi-Aventis, Ethicon Endosurgery.

Introduction

A recent meta-analysis, including 282 000 incident cancer
cases over more than 133 million person-years of
follow-up, shows that high body-mass index (BMI) is
associated with an increased incidence of many types of
cancer.' Since obesity is increasingly common throughout
the world, its effect on cancer occurrence is substantial.
In the USA, where the prevalence of obesity was 32-9%
among adults in 2003-04,” it has been estimated that
being overweight or obese accounts for 14% of cancer
deaths in men and 20% in women, making it the largest
avoidable cause of cancer with the exception of
smoking.*

In obese individuals, intentional weight loss might
reduce cancer morbidity and mortality, particularly in
women,”” but the evidence for this is limited.
Observational studies*™ are hard to interpret owing to
the difficulty of separating intentional from unintentional
weight loss, the latter often being caused by disease.
Additionally, few obese people are successful in long-term
weight reduction. So far, the best evidence that weight
loss reduces cancer risk comes from two very recent,
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retrospective cohort studies of obese patients treated with
bariatric surgery."” Both studies, which appeared after
the current Swedish Obese Subjects (SOS) report was
submitted, showed reductions in overall cancer incidence
in patients who underwent surgery compared with those
who did not.

The SOS Study, which to our knowledge is the first
prospective, controlled intervention study that investigates
the effect of long-term weight loss™* on disease and death
rates, recently showed that bariatric surgery is associated
with reduced overall mortality.” However, although cancer
was the most common cause of death, the study was not
sufficiently powered to assess mortality due to specific
causes.” Therefore, the aim of the present study is to
investigate whether bariatric surgery is associated with
reduced overall incidence of fatal and non-fatal cancer. As
a secondary subgroup analysis, we also examined the
effects of changed bodyweight and caloric intake on cancer
incidence. Given the unexpectedly strong effect of cancer
on mortality in the SOS Study, we consider this exploratory
examination of importance, despite the fact that cancer
incidence was not a predefined endpoint.
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Methods

Patients

Briefly, the ongoing SOS trial enrolled 4047 obese patients
at 25 surgical departments and 480 primary health care
centres in Sweden between Sept 1, 1987, and Jan 31,
2001.%" The cutoff date for our current analysis was
Dec 31, 2005. Seven regional ethics review boards
approved the study protocol. Informed consent was
obtained from all participants.

After recruitment campaigns in the mass media and
at 480 primary health-care centres, a matching
examination was completed by 6905 patients, 5335 of
which were eligible (figure 1). Among them,
2010 individuals electing surgery constituted the surgery
group, and a contemporaneously matched control group
of 2037 individuals was created using 18 matching
variables, indicated with M in table 1. The remaining
1288 eligible patients were not used by the automatic
matching system,” since they offered less optimal
matches. Although a surgery patient and his or her
conventionally treated control always started the study
on the day of surgery, the matching was not based on
individuals in the sense that a given surgery patient and
his or her control should necessarily be as similar as
possible. Instead the matching algorithm selected
controls in such a way that the current mean values of
the matching variables in the control group moved as
much as possible in the direction of the current mean
values in the surgery group.

Procedures

Baseline examinations in the surgery and control groups
took place approximately 4 weeks before the start of the
intervention. The two study groups had identical inclusion
and exclusion criteria, and all controls were eligible for
surgery. The inclusion criteria were age 37-60 years and a
BMI of 34 kg/m2or more for men and 38 kg/m?2 or more
for women. Young people were excluded to increase
overall risk and thereby minimise the size of the study.
The chosen BMI cutoffs correspond to a doubled mortality
as compared with BMI 20-25 kg/m? according to the
largest Nordic study available before the start of the
study.” The exclusion criteria were: earlier operation for
gastric or duodenal ulcer; earlier bariatric surgery; gastric
ulcer during the past 6 months; ongoing malignancy;
active malignancy during the past 5 years; myocardial
infarction during the past 6 months; bulimic eating
pattern; drug or alcohol (>0-75 L 40% liquor per week
or corresponding ethanol amount) abuse; psychiatric or
cooperative problems contraindicating bariatric surgery;
other contraindicating conditions (such as continuous
glucocorticoid or antiphlogisitic treatment).

The primary endpoint of SOS was overall mortality,
which was published in 2007 Secondary endpoints were
diabetes,* gall bladder disease,” and cardiovascular
disease (not yet published). Cancer was not specified as a
secondary endpoint.

All participants were examined at the matching and
baseline examinations and after 0-5, 1, 2, 3, 4, 6, 8, 10,
and 15 years. Centralised biochemical examinations were
undertaken at the matching and baseline examinations
and after 2, 10, and 15 years. Self-reported total energy
intake was obtained from the validated SOS food
questionnaire.™

In the surgery group, 376 patients underwent non-
adjustable or adjustable banding, 1369 underwent vertical
banded gastroplasty, and 265 underwent gastric bypass.”
Omentectomy was not done in any of the operated cases.
Control participants received the customary treatment
for obesity at their centres of registration. The quality of
treatment ranged from advanced life-style advice at some
sites to no treatment at all in many practices. The
treatment of controls started at baseline, varied in
duration, and was interrupted and restarted in many
cases.

Cancer incidence was obtained by cross-checking social
security numbers from the SOS database with the
Swedish National Cancer Registry, the Cause of Death
Registry and the Registry of the Total Population (to trace
the 24 emigrants). At record linkage (March 26, 2007), the
Cancer Registry was complete up to Dec 31, 2005.

Statistical analysis

Mean values and standard deviations or 95% CI were
used to describe the baseline characteristics and changes
over time. Baseline characteristics between the treatment
groups were compared with t-tests for continuous
variables and Fisher’s exact test for dichotomous variables.
Time of progression to first malignant cancer after
inclusion was compared between treatment groups with
Kaplan—Meier estimates of cumulative incidence rates.
Additionally, hazard ratios from a Cox proportional-
hazards model® with a single covariate for treatment
group were calculated. Calculations were done with and
without cancer cases that occurred during the first 3 years
of the intervention to account for undetected prevalent
cancer at baseline.

Multiple Cox proportional-hazards models based on
matching data or baseline data were also used to assess
time to cancer (from baseline) while adjusting for
significant confounders. These models were built using a
forward stepwise procedure. At each step, all terms were
required to be marginally significant at the 0-05 level.
Each of the variables in table 1 (except BMI, waist-hip
ratio, and pulse pressure, which were excluded for
colinearity reasons) were entered in the model-selection
procedure. No interaction terms were considered in the
forward selection procedure. Missing values were replaced
by time (matching and baseline) and group (control and
surgery) specific medians. In this way all patients could
be used for multiple adjustments. Since it was not obvious
whether matching or baseline data should be used for the
multivariable adjustments, we used both datasets to
determine whether the resulting models gave similar
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cancer incidence hazard ratio values with respect to
treatment (surgery compared with controls).

Since a group match rather than individual matching
was used in SOS, we did not use procedures for paired
matched designs. Both when analysing the matching
dataset and the baseline dataset, all variables in table 1
(except those that caused colinearity problems) were

offered to the multivariable stepwise analyses. These
variables included all matching variables (table 1).

To calculate hazard ratios for subtypes of cancers, the
incidence of all other subtypes were censored at the time
of incidence.

In secondary subgroup analyses with limited statistical
power we also explored the relationships between

11453 standardised written applications

from potential participants sent to SOS

—PI 2487 candidates not eligible

A 4

8966 applicants fulfilling age and weight-for-height
criteria (self reported) obtained written
information and a questionnaire to return

—PI 1373 candidates did not return questionnaire

A 4

7593 candidates returned the questionnaire to SOS
and were offered a matching examination

> 688 candid?tes did n.ot show up for
matching examination

A 4

examination

6905 candidates completed the matching

>

1570 candidates not eligible or not interested
any more

y

5335 eligible candidates from matching examination

) 1288 patients were not used by the
automatic matching programme

.

Baseline examination of surgery group
2010 eligible patients preferring surgery

Matching

b

Baseline examination of control group
2037 contemporaneously group-matched obese

constituted the surgery group

eligible patients preferring non-surgical
treatment

2 patients had their social security number deleted
on request

1 living emigrant had unknown health status

1 patient had obtained secret social security number

1 emigrant died from myocardial infarction
Cancer status before death not known

Dec 31,2005
2006 patients with information on vital status
and cancer (follow-up 99-80%)

Dec 31,2005
2036 patients with information on vital status
and cancer (follow-up 99-95%)

Figure 1: Trial profile
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Women Men
Surgery Control p Surgery Control p
Mean (SD) Number  Mean (SD) Number Mean (SD) Number  Mean (SD) Number
with with with with
missing missing missing missing
data data data data
Number of individuals 1420 1447 590 590
Postmenopausal (n[%]); M 452 (31-8) 0 513 (355) 0 0-044 na na na na na
Age at exam (years); M 461 (5:9) 0 47-6 (6-2) 0 <0-001 460 (5-6) 0 46-8 (5-8) 0 0-015
Daily smokers (n [%]); M 393(277) 0 272 (18:8) 0 <0-:0001 167 (283) 0 140 (237) 0 0-084
Previous myocardial infarction 8(0-6) 0 8(0-6) 0 1.000 21(3:6) 0 14 (2-4) 0 0-30
(n[%])
Previous stroke (n [%]) 8(0-6) 0 12 (0-8) 0 0-502 7(12) 0 7(12) 0 1.000
Previous cancer (n [%]) 18 (1-3) 0 19(1:3) 1.000 5(0-8) 0 1(0-2) 0 0-22
Diabetes (n [%]); M 81(57) 0 75(52) 0 0565 67 (11-4) 0 50 (8-5) 0 012
Sleep apnoea (n [%]) 230 (16:3) 6 234 (16:5) 25 0-92 247 (42:0) 2 216 (37:0) 6 0-083
Lipid lowering medication (n [%]) 13(0-9) 0 4(0-3) 0 0-029 9(15) 0 11(1.9) 0 0-82
NSAID therapy (n [%]) 157 (11-1) 0 127(8:8) 0 0-045 46 (7-8) 0 36 (6:1) 0 030
Antidepressive therapy (n [%]) 96 (6-8) 0 92 (6-4) 0 071 25(4-2) 0 12 (2-0) 0 0147
Weight (kg); M 114-5 (13:30) 0 112:9 (13-9) 0 0-0017 1305 (16-4) 0 126-8 (14-4) 0 <0-0001
Height (m); M 165 (0-06) 0 165 (0-06) 0 0-83 179 (0:07) 0 180 (0-07) 0 017
Body-mass index (kg/m?)* 422 (41) 0 416 (4-2) 0 <0-0001 406 (47) 0 392 (4-1) 0 <0-0001
Waist circumference (cm); M 122:2 (10-0) 1 1206 (10-4) 0 <0.0001  1287(10-8) 0 1261(82) 0 <0-0001
Hip circumference (cm); M 1273 (91) 1 1259 (9-1) 1 <0-0001  122:7(101) 0 120-8 (87) 0 0-0007
Waist-hip ratio* 0-961(0-066) 1 0959 (0:069) 1 041 1.049(0-051) 0 1.045(0:047) 0 0099
Sagittal diameter (cm) 277 (33) 2 27-4(33) 1 0-022 302(37) 0 292(32) 0 <0-0001
Neck circumference (cm) 416 (2.9) 5 417 (3-2) 0 0-42 47-8 (3:6) 0 477 (33) 1 0-59
Upper arm circumference (cm) 39:6 (3:9) 1 393(37) 0 0-020 39-4(3-4) 1 392 (3-2) 0 036
Thigh circumference (cm) 760 (7- ) 1 754 (7-0) 0 0-017 722 (6-3) 0 70-8 (5 ) 2 <0-0001
Systolic blood pressure (mm Hg); M~ 139:6 (187 1 139-1(18-0) 0 0-41 143-0 (18-2) 1 142:1(176 0 0-40
Diastolic blood pressure (mm Hg) 862 (10- 8) 2 85-8(10-3) 3 039 90-6 (11.6) 1 90-3 (10- 9) 0 0-61
Pulse pressure (mm Hg)* 53-4 (135) 2 53-3(132) 3 076 52-4(13-1) 3 51-8 (13-0) 0 041
Glucose (mmol/L) 52(17) 0 52(1.9) 2 038 7 (2+4) 0 -6 (2:2) 1 0-30
Insulin (mU/L) 19-6 (127) 1 18-4 (113) 2 0-0049 25.6 (17-1) 5 241 (147) 1 012
Triglycerides (mmol/L); M 2:02(1:07) 1 1.90 (1-09) 0 0-0037 2:73(1:99) 1 2:75(2:09) 0 0-85
Total cholesterol (mmol/L); M 579 (1-10) 1 5-70 (1-06) 0 0-016 597 (1-16) 1 5-87(112) 0 013
HDL cholesterol (mmol/L) 1.25(0-29) 37 1.25(0-30) 18 0-43 1.09 (0-25) 32 1.07 (0-28) 21 0-25
Uric acid, mmol/L 332:3(73-8) 1 328:3(70-2) 1 014 4011 (750) 1 404-8 (80-0) 1 041
ASAT, IU/L 22:7(0-190) 0 22:8 (13-20) 1 077 302(197) 0 29:9 (15-6) 1 075
ALAT, IU/L 305 (17:6) 0 31.0 (21-1) 1 0-66 485 (25-4) 0 48-4(257) 1 098
ALP, IU/L 184 (52-8) 0 184 (54:0) 1 0-96 183 (48:3) 0 177 (45:0) 1 0-043
Bilirubin, pmol/L 870 (3-70) 0 909 (3:64) 1 0-0047 10-53 (4-61) 0 10-60 (4-49) 1 078
Energy intake, kcal/day 2831 (1180) 19 2727 (1152) 5 0018 3426 (1347) 6 3229 (1196) 1 0-0083
Current health; Mt 213(6-1) 0 22:6(6:1) 0 <0-0001 21.6 (6:0) 0 23.0(62) 0 <0-0002
Monotony avoidance; Mt 221(51) 0 224(51) 0 022 235 (4-9) 0 232 (4-8) 0 0-46
Psychasthenia; Mt 240 (5-2) 0 232(53) 0 <0-0001 23:9(51) 0 231(52) 0 0015
Quantity of social support; Mt 5.99 (2-38) 0 6:07 (2-46) 1 037 6-11(2:53) 0 6-10 (2-44) 0 0-93
Quality of social support; Mt 433 (1-27) 0 434 (1-26) 0 0-94 4-06 (1-41) 0 413 (1-39) 0 0-37
Stressful life events; M 2:57(131) 0 249 (1.27) 0 0-096 232(1:28) 0 2:27(1:31) 0 056

HDL=high-density lipoprotein. ASAT=aspartate aminotransferase. ALAT=alanine aminotransferase. ALP=alkaline phosphatase. na=not applicable. NSAID=non-steroidal anti-inflammatory drug. Values are
means (SD) unless otherwise indicated. Sex and all variables indicated with M were matching variables. *This variable was not used in the multivariable stepwise regression analysis because it was derived from
other variables in this table. tFor psychosocial measurements, higher scores represent better current health (range 9-36), more of the personality traits; monotony avoidance (range 10-40) and psychasthenia
(range 10-40), a higher quantity of social support (range 0-12), a better quality of social support (range 0-5), and a greater number of stressful life events (range 0-8).

Table 1: Characteristics of the surgically treated and control patients at the matching examination shown separately for men and women
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changes in bodyweight or energy intake during the first
year and the cancer incidence from start of year 4. In
patients with missing information on weight or energy
intake change during the first year, sex-specific and
group-specific (surgery subtype and control) median
1-year values were imputed.

All p values are two-sided and p<0-05 was considered
as statistically significant. Statistical analyses were done
using the STATA statistical package 9.2.

Role of the funding source

No sponsors have influenced data interpretation or
manuscript production. All authors had access to the raw
data. The corresponding author had full access to all data
and had final responsibility to submit the manuscript.

Results

The matching procedure created biologically similar
surgery and control groups in both sexes, although some
group differences reached significance owing to the
comparatively large number of participants (table 1).
71% (2867 of 4047) of patients were women.

Because of long surgical waiting lists, the median
waiting time between the matching and the baseline
examination was 13 months (range 0-38 months), and
during this time bodyweight and associated risk factors
increased in the surgery group and decreased in controls
(webappendix). The webappendix also shows measured
weight changes from baseline separately for men and
women over periods of up to 15 years. Over the first
10 years, the mean weight loss was 19-9 kg (SD 15-6 kg)
in the surgery group, while a mean weight gain of 1-3
(SD 13-7 kg) was observed in the control group. The
baseline-adjusted overall mean weight loss over 10 years
after gastric bypass was larger in women (-35-2 kg [SD
17-9]) than in men (-23-9 kg [SD 15-4]) (p=0-024).

Information on cancer occurrence could be obtained
for 4042 of 4047 patients, corresponding to a follow-up
rate of 99-80% (2006 of 2010) in the surgery group and
99-95% (2036 of 2037) in the control group (figure 1).
The median follow-up time was 10-9 years (range
0-18-1years; mean [SD] 10-7 [3- 6] years).

Of the 286 first-time cancers recorded during the
follow-up period, 169 occurred in the control group and
117 in the surgery group. Compared with patients in the
control group, patients in the surgery group had a hazard
ratio (HR) for overall incident cancer of 0-67 (95% CI
0-53-0-85; p=0-0009; figure 2). After the exclusion of
45 cancers that occurred during the first 3 years, the HR
was virtually unchanged (0-67; 0-52-0-86, p=0-002).

There were no covariate-treatment interactions with
respect to menopausal, diabetic, BMI, age, or smoking
status (figure 2). The p value for the sex—treatment
interaction was 0-054 (figure 2). Figure 3 shows the
unadjusted cumulative incidences for fatal plus non-fatal
cancer separately for men and women. Although bariatric
surgery was not related to cancer incidence in men (39 in

www.thelancet.com/oncology Vol 10 July 2009

the control group vs 38 in the surgery group [HR 0-97,
95% CI 0-62-1-52; p=0-90]), we observed a marked
reduction of risk in women (130 vs 79 cases [HR 0-58;
0-44-0-77, p=0-0001]). Exclusion of all cancer events over
the first 3 years of the intervention (two men in the
control group, seven men in the surgery group, 25 women
in the control group, and 11 women in the surgery group)
did not affect these sex differences (events from start of
year 4 in men: 37 cases in the control group and 31 cases
in the surgery group [HR 0-84; 95% CI 0-52-1-34,
p=0-46]; events from the start of year 4 in women:
105 cases in the control group, 68 cases in the surgery
group [HR 0-61, 0-45-0-83, p=0-0016].

The treatment effect in the total study group (HR 0-70;
95% CI 0-55-0-89, p=0-0033) and in women (HR 0-58;
0-44-0-77, p=0-0002) remained highly significant after
taking significant confounders into account (table 2).
Similar multivariable-adjusted treatment effects were
obtained with or without exclusion of cancer events
during the first 3 years (HR for all: 0-72; 95% CI

See Online for webappet

ndix

Surgery  Control HR (95% CI) p
(cancers) (cancers)
Gender
Men 38 39 0-97 (0-62-1-52) 0-90
Women 79 130 —.— 0-58 (0-44-0-77)  0-0001
p for interaction=0-054
Menopause
Before 47 71 —B— 073(055-097)  0-031
After 32 59 —B— 056 (0-36-0-86)  0-0088
p for interaction=0-30
Diabetes
No 109 157 B 068(053-087)  0.0021
Yes 8 12 L 055 (0-22-1:35) 019
p forinteraction=0-58
BMI (kg/m?)
<40-6 49 91 _.— 0-65 (0-46-0-92) 0-015
>40-6 68 78 — 067(0:48-0-93)  0-016
p for interaction=0-90
Age, years
<465 41 48 —— 070 (0-46-1:06)  0-093
>46.5 76 121 —B— 072(0-54-0-96)  0:028
p for interaction=0-93
Smoking
No 73 126 —— 061(0-46-0-82)  0-0009
Yes 44 43 —m 074 (0:49-1-13) 0-16
p for interaction=0-49
Overall 117 169 ‘ 0-67 (0-53-0-85)  0-0009
T T T T T T T
0-2 0-4 0-6 0-8 1 12 14 1.6
Hazard ratio

Figure 2: Unadjusted subgroup-treatment interactions with respect to overall fatal plus non-fatal cancer

Dots with bars represent the hazard ratio (HR) and its 95% Cl for subgroups. Areas of squares are proportional to
the number of cancer cases within subgroups. The rhombus at the bottom of the figure illustrates the total
treatment effect (HR and 95% Cl) taking all patients into account. Results of this figure were based on matching

data. For BMI and age, medians were used for the cutoffs.
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Men Women
0-16— —— Control — n=130
—— Surgery
HR 0-97 (95% Cl 0-62-1-52) n=39 HR 0-58 (95% Cl 0-44-0-77)
012+ p=0-90 -| p=0-0001
8
5]
o n=38
£
g
§ 008 . n=79
2
£
2
£
S
0-04 -
0 T T T T T T T 1 T T T T T T T 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Follow-up time (years) Follow-up time (years)
Number at risk
Control 590 577 457 228 49 1447 1410 966 498 118
Surgery 590 568 458 236 62 1420 1390 1108 526 129

Figure 3: The unadjusted cumulative fatal plus non-fatal cancer incidence from the start of the intervention by sex in surgically treated obese individuals and

in obese control individuals

All patients (N=4047)

Women (N=2867) Men (N=1180)

HR (95% Cl) p HR (95% Cl) p HR (95% Cl) )
Treatment: surgery vs control 0-70 (0-55-0-89) 0-0033 0-58 (0-44-0-77) 0-0002 na
Age (per year) 1.08 (1-06-1-10) <0-0001 107 (1-04-1.09) <0:0001 110 (1-06-1-14) <0-0001
Smoking (yes/no) 1-41(1-08-1-83) 0-010 1-40 (1-03-1-91) 0-034 na
Sagittal diameter (per 10 cm) 1-46 (1-07-2:00) 0-017 1-99 (1:36-2-90) 0-0004 na
Quantity of social interaction* (per 5 units) ~ 0-73 (0-57-0-94) 0-013 na - na
ASAT (per IU/L) na na - 1-01 (1-00-1-03) 0-036

ASAT=aspartate aminotransferase. HR=hazard ratio. na=variables not entering the indicated multivariable model. Statistically significant predictors from a forward stepwise
procedure: analyses based on prospectively collected information on cancer incidence from start of the intervention and on the baseline examination with respect to all
variables in the webappendix except those with colinearity properties. Missing values were imputed by using group-specific and sex-specific median values. *A questionnaire-
based, normally distributed variable ranging from 0-12, with the highest score for the most frequent contact with family and friends.

females and males

Table 2: Multiple Cox proportional hazards models of fatal and nonfatal cancer events from the start of the trial done in all patients and separately for

0-55-0-93, p=0-0013; HR for women only: 0-60;
0-44-0-81, p=0-0009), with or without imputation for
missing data (ie, after the exclusion of 202 women and
118 men with missing values regarding at least one
potential covariate: HR for all: 0-73; 95% CI 0-57-0-93,
p=0-011; HR for women: 0-59, 0-44-0-79, p=0-0004)
and, with baseline and matching datasets (HR for all:
0-70; 0-55-0-89, p=0-0035; HR for women: 0-60,
0-45-0-80, p=0-0005). Additionally, age, sagittal trunk
diameter (a proxy for intra-abdominal adiposity)” and

smoking contributed to the explained variance in women
(table 2).

First-time tumours of different origins in men and
women over the first 3 years and over the entire
observation period are given in the webappendix. In
men, the incidence reduction did not reach significance
for any type of cancer. In women, most cancer types were
less common in the surgery group, but a significant
treatment effect was seen only for malignant melanoma,
haematopoietic cancers, and for cancers of an origin
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Figure 4: Unadjusted cumulative incidence of fatal plus non-fatal cancer from start of year 4 and onwards, stratified by weight-change tertiles (kg) during

the first year

Analyses were done separately for women who underwent surgery and controls. 36 cancer events that occurred during the first 3 years were excluded from the
analyses. In individuals with missing information regarding bodyweight at 12 months, the 6-month weights were used. In 103 controls and 16 women who
underwent surgery, both 6-month and 12-month weights were missing. In these cases group-specific (surgery subtype/control) median 1-year weight changes in

women were imputed.

other than those specified in the figure (see
webappendix).

In men, reduced cancer incidence was not seen for any
of the three surgical techniques (p of 0- 56-0-77) whereas
in women HR was 0- 54 for banding (95% CI 0-31-0-93,
p=0-026), 0-60 for wvertical banded gastroplasty
(0-44-0-82, p=0-0012), and 0-54 for gastric bypass
(0-26-1-15, p=0-11) (webappendix).

To examine whether weight changes were related to
cancer incidence in patients with the same type of
treatment, unadjusted analyses of cancer incidence from
the start of year 4 by weight-change tertiles during the
first year were done separately among women who
underwent surgery and women in the control group.
There were no significant relationships between cancer
incidence and weight change in women in the surgery or
control groups (figure 4).

The female cancer incidence from the start of year 4
was also analysed in a multivariable Cox-regression
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HR (95% Cl) p
Treatment 0-38 (0-20-0-73) 0-0036
Weight change (per 10 kg) 0-97 (0-75-1-26) 0-83
Treatmentxweight change 0-88 (0-64-1-20) 0-41
Age (per year) 1.07 (1-04-1-09) <0-0001
Smoking (yes or no) 1-49 (1-06-2:09) 0-022
Sagittal diameter (per 10 cm) 1-61 (1-05-2-51) 0-030

N=2831. Predictors include weight change during the first year after inclusion,
treatment group (surgery or control), treatmentxweight change interaction, and
the significant variables of table 2. Hazard ratios and corresponding 95% Cls are
shown. In women with missing information regarding bodyweight at 12 months,
the 6-month weights were used. In 103 control women and 16 surgery women
both 6-month and 12-month weights were missing. In these cases, group-specific
(surgery subgroup or control) median 1-year weight changes were imputed.

36 cancer events occurring during the first 3 years after inclusion were excluded
from the calculations. The effect of weight change and treatmentxweight change
interaction are the only non-significant variables shown.

Table 3: Multiple Cox proportional hazards model for female cancer
incidence from start of year 4
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model that included all significant variables indicated
in table 2 and changes in bodyweight during
the first year (table 3). Under these circumstances the
treatment group (ie, surgery or control) was a significant
predictor of cancer incidence (HR 0-38, 95% CI
0-20-0-73; p=0-0036), whereas changes in body weight
was not (0-97, 0-75-1-26; p=0-83) (table 3). The
treatmentxweight change interaction was non-significant
(p=0-41), suggesting that the direction of the weight-
change effect on cancer incidence was no different in
surgery and control women. Baseline age, smoking, and
sagittal trunk diameter were also significantly related to
female cancer incidence (table 3). When all patients who
had missing baseline or missing weight-change
information were excluded the results were very similar
(data not shown).

When change in energy intake during the first year was
assessed in the same way as weight change (figure 4 and
table 3) no significant effects on the female cancer
incidence were seen (HR per 500 kcal/day difference
0-98;95% CI 0-87-1-11, p=0-77).

Within 90 days from the start of the study, five of
2010 patients (0-25%) in the surgery group and two of the
2037 (0-10%) patients in the control group died. As
reported elsewhere for 1164 patients,” 151 (13%) patients
had 193 postoperative complications (bleeding in 6 of
1164 patients [0-5%]; thrombosis and embolism in
9 patients [0-8%]; wound complications in 21 patients
[1-8%)]; deep infections in 24 patients [2-1%]; pulmonary
complications in 71 patients [6-1%]; and other
complications in 62 patients [5-3%]). In 26 patients
(2-2%), the postoperative complications were serious
enough to require reoperation.

Discussion

Only a small fraction of all cancers can be related to
genetic factors, while most are influenced by lifestyle and
environment?” and might therefore be preventable.
Cancer incidenceis clearly increased in obese individuals,'
although it has been less clear whether obesity treatment
decreases cancer incidence. In this Article, bariatric
surgery was associated with a significant reduction in
cancer incidence in the entire study group. Unexpectedly,
however, cancer incidence was only reduced in women
(HR 0-58; 95% CI 0-44-0-77, p=0-0001). Since cancer
incidence was not a predefined endpoint of the SOS
Study it is not possible to assess the robustness of our
findings in any way other than by means of observed CI
and p value. However, to put this risk reduction into
perspective, it might be helpful to compare it with statin
treatment, where the HR for reduction in incidence of
fatal plus non-fatal myocardial infarction (vs placebo) has
been in the order of 0-80.

The main limitation of the SOS Study was that the
intervention could not be randomised for ethical reasons.
At baseline, the prevalence of previous cancer was similar
in the surgery and control groups. At both matching and

baseline examinations, BMI and some risk factors were
slightly higher in the surgery group than in the control
group, indicating that the unadjusted risk reduction
reported for the surgery group is conservative. Over the
first 15 years of follow-up, there were ten pre-defined
visits in both surgery and control groups, suggesting that
the chance for cancer detection was similar in both
groups. If anything, the weight reduction in the
surgery group would facilitate cancer detection,” but the
cancer incidence was still lower in this group.

Another limitation is that cancer incidence was not
specified as a secondary endpoint in the study protocol.
When SOS was planned in 1985-87, available literature
indicated that fatal plus non-fatal myocardial infarction
would become the most common endpoint, and we
wanted to limit the number of secondary endpoints as
much as possible. In reality, it turned out that the
incidence of myocardial infarction in the control group
was only about 70% of that for cancer. Since the current
report is exploratory, new controlled, and preferably
randomised bariatric surgery interventions for cancer are
needed. These studies need to be about three times larger
than SOS so that the statistical power permits a proper
examination of the relationships between weight loss
and cancer. These studies would be very expensive, and it
would be very difficult to find patients willing to accept
randomisation over prolonged periods of time. Such
studies might also be difficult to do because of ethical
concerns, since several studies now show that bariatric
surgery reduces overall mortality”” and has many other
positive effects in obese individuals.”

Epidemiological studies suggest that the beneficial
effect of weight loss on cancer is greater in women than
in men.* Two reports™"” from retrospective cohort studies
on bariatric surgery and cancer incidence have recently
been published. In one of them, the cancer incidence
was not reported by sex." In the other,” bariatric surgery
had a significant effect on cancer incidence in women
(HR 0-73; p=0-0004) but not in men (HR 1-02; p=0-91),
thus supporting our prospective results.

It has been claimed that bariatric surgery mainly affects
obesity-related cancers,” but whether a clear-cut
distinction can be made between obesity-related and
non-obesity-related cancers is uncertain. In Renehan’s
extensive meta-analysis,' the risk ratios (RR) per 5 BMI
units difference at baseline showed a continuum, and
80% of examined cancer types had a RR above 1-0.
Furthermore, in the meta-analysis of women, the RR of
endometrial (1-59) and kidney (1-34) cancers were high,'
while the effect of bariatric surgery on the incidences of
these conditions seemed to be low in our study.
Conversely, malignant melanoma was negatively related
to BMI in the meta-analysis of women," while bariatric
surgery had a favourable effect on this condition. In other
words, the sex-specific incidences of different cancer
types in obesity are not necessarily proportional to their
responses to bariatric surgery. In our study, the significant
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reduction in overall cancer incidence in the female
surgery group emanated from a variety of cancer types,
indicating a broad effect of bariatric surgery.

Increased cancer risk in obese patients might be related
to central obesity and metabolic deregulation. Exposure to
endocrine disruptors (food contaminants, stress, others)
affecting the normal regulation of oestrogens, androgens,
and insulin might also affect the development of obesity
and cancer.” Abdominal obesity is linked to alterations in
the levels or activities of three suggested mediators of
increased cancer incidence in obese individuals: insulin
and the insulin-like growth factor-1 (IGF-1);* sex
steroids;” and adipokines.® We investigated various
baseline variables of body composition and metabolism as
predictors of cancer occurrence. In addition to treatment,
the baseline sagittal trunk diameter” came out as a strong
multiple cancer predictor, whereas bodyweight and BMI
did not, indicating that visceral adiposity is a stronger risk
factor for cancer than obesity per se, at least in women.
Some studies have reported that gastric bypass has a
weight-loss-independent effect on insulin, mediated via
changed gastrointestinal hormone signalling.” In a
previous report, the reduction in insulin was twice as large
after gastric bypass as after restrictive bariatric procedures.*
If hyperinsulinaemia mediates cancer development, one
could therefore expect gastric bypass to be associated with
more pronounced cancer protection than restrictive
techniques. However, this was not the case in our study.
Also, insulin and anthropometric proxies for visceral
obesity” were higher in men than women but the
beneficial effect of bariatric surgery on cancer was seen
only in women. Future studies are needed to clarify which
endocrine disruptors or other cancer mechanisms that
can be more easily influenced in a favourable direction by
bariatric surgery in women.

Although the range of weight changes were large in
both study arms, the mean 10-year weight change was
close to zero (a gain of 1-3 kg) in the control group. The
large difference in weight change between the surgery
group and the control group was anticipated, since even
during specialised care, non-surgical treatment of obesity
was and is associated with small long-term weight
losses.”** Additionally, many patients do not obtain
advice from their primary health-care physicians on how
to lose weight efficiently.” In line with this, the prevalence
of obesity is increasing in many countries,” and we saw
no weight loss in the SOS controls.

The primary aim of SOS was to assess whether weight
loss, achieved by means of bariatric surgery, was associated
with reduced overall mortality. Although we showed that
bariatric surgery was associated with decreased mortality,
we were unable to show an association between weight
loss and overall mortality.”” Similarly, in the current report,
secondary subgroup analyses of the female surgery and
control groups did not detect associations between cancer
incidence and weight loss or reduced energy intake. In
fact, in the female surgery group, weight loss showed a
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non-significant association with increased cancer inci-
dence. The absence of a favourable weight loss effect on
cancer might well be a chance finding explained by limited
statistical power when the surgery and control groups were
further divided in weight-loss tertiles. In the multivariable
analyses, the colinearity between treatment group and
degree of weight loss might have obstructed the detection
of a weight-loss effect. The relation between weight change
and cancer deserves further exploration after longer
follow-up or in larger controlled intervention trials.

Although food questionnaires have very limited
precision on the individual level, the SOS questionnaire
is validated against 24-h energy expenditure and gives
reliable energy intake levels both in lean and obese weight-
stable study groups,” as well as reasonable energy intake
levels in the SOS surgery and control groups over 10 years
of observation.* Using this questionnaire, we were
unable to find significant associations between changed
energy intake and cancer incidence. Again, this absence
of an effect might be due to limited statistical power.

Energy reduction is associated with decreased breast-
cancer incidence in mice.** However, a prospective
randomised nutrition trial in 48835 postmenopausal
women showed no association between a reduced fat
intake and incidence of breast” or colon® cancer, and no
effects of fat reduction on the incidence of benign
proliferative breast disease,” a condition that is thought
to be precancerous. Published information is difficult to
interpret because of interactions between energy and
macronutrient intake, physical activity, body mass,
and metabolic efficiency,® and the relationships between
reduced energy and fat intake and cancer need to be
explored further.

Earlier reports from SOS show that bariatric surgery is
associated with reduced overall mortality, and has beneficial
effects on diabetes, other cardiovascular risk factors,
intima-media progression rate, cardiovascular symptoms,
sleep apnoea, joint pain, and health-related quality of life.”
The current exploratory report on cancer further under-
lines the favourable effects of bariatric surgery, particularly
in women. The intriguing but unproven possibility that
the beneficial effects of bariatric surgery on cancer are
mediated by mechanisms other than weight loss or
reduced energy intake needs to be further explored.
Contributors
The study was initiated by LS and designed by LS, HW, CBe, CBo, SD, BL,
and IN, done by the steering committee and supervised by the safety
monitoring committee. The steering committee consists of LS (chairman),
KN, CBe, CBo, JK, HL, IN, JT, and LMSC. The safety monitoring
committee consists of HW (chairman), SD and BL. Surgical expertise was
provided by SD, HL, IN, and TO, and CBe was an important link to the
Swedish primary health-care system. CBo, BC, PJ, and LMSC provided
genetic expertise. KN cross-checked the SOS database against public
registers and KN, CDS, and AG checked that all diagnoses were correct.
CDS traced and interviewed emigrants. LS, AG, CDS, KN, HW, and PJ did
initial calculations, and MP independently checked all data and did all
statistical analyses. LS and AG wrote the first version of the manuscript,

and all co-authors critically revised the manuscript. LS, AG, CDS, PJ, and
LMSC compiled the final manuscript, which was approved by all authors.

661



Articles

Conflicts of interest

SOS has previously been supported by grants to LS from

Hoffmann-La Roche, AstraZeneca and Cederroths. From 2007 LS is also
obtaining SOS grants from Sanofi-Aventis and Ethicon. LS has obtained
lecture and consulting fees from AstraZeneca, Biovitrum, BMS,
GlaxoSmithKline, Johnson and Johnson, Lenimen, Merck, Novo Nordisk,
Hoffmann-La Roche, Sanofi-Aventis, and Servier, and holds stocks in
Lenimen and is chairman of its board. BC is employed by AstraZeneca
and holds stocks in the same company. IN has obtained lecture fees from
Johnson and Johnson. A-KL has served as a consultant for Abbott. DS has
obtained consulting and lecture fees from Sanofi-Aventis and Ethicon.

PJ has obtained research grants from Hoffmann-La Roche. JK has served
as consultant for Pfizer. KS has served as consultant for AstraZeneca,
Janssen-Cilag, GlaxoSmithKline, BMS, MSD, Novo Nordisk and
SanofiAventis. J T obtained lecture grants from AstraZeneca, Johnson and
Johnson, and Roche, and consulting fees from Roche. LMSC has served
as a consultant for AstraZeneca and holds stocks in Sahltech. All other
authors declared no conflicts of interest.

Acknowledgments

We thank the staff members from the 480 primary health-care centres
and 25 surgical departments in Sweden that participated in the study.
Gerd Bergmark and Lisbeth Eriksson at the SOS secretariat are
acknowledged for invaluable administrative support.

References

1 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass
index and incidence of cancer: a systematic review and meta-analysis
of prospective observational studies. Lancet 2008; 371: 569-78.

2 Ogden CL, Yanovski SZ, Carroll MD, Flegal KM. The epidemiology
of obesity. Gastroenterology 2007; 132: 2087-102.

3 Calle EE, Rodriguez C, Walker-Thurmond K, Thun M]J. Overweight,
obesity, and mortality from cancer in a prospectively studied cohort
of US adults. N Engl ] Med 2003; 348: 1625-38.

4 Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C.
Prospective study of intentional weight loss and mortality in
never- smoking overweight US white women aged 40-64 years.

Am ] Epidemiol 1995; 141: 1128-41.

5  Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C.
Prospective study of intentional weight loss and mortality in
overweight white men aged 40-64 years. Am | Epidemiol 1999;

149: 491-503.

6 Parker ED, Folsom AR. Intentional weight loss and incidence of
obesity-related cancers: the lowa Women’s Health Study.
Int J Obes Relat Metab Disord 2003; 27: 1447-52.

7 Harvie M, Howell A, Vierkant RA, et al. Association of gain and loss
of weight before and after menopause with risk of postmenopausal
breast cancer in the Iowa women'’s health study.

Cancer Epidemiol Biomarkers Prev 2005; 14: 656—61.

8  Rodriguez C, Freedland SJ, Deka A, et al. Body mass index, weight
change, and risk of prostate cancer in the Cancer Prevention Study I1
Nutrition Cohort. Cancer Epidemiol Biomarkers Prev 2007; 16: 63-69.

9  Elliott AM, Aucott LS, Hannaford PC, Smith WC. Weight change
in adult life and health outcomes. Obes Res 2005; 13: 1784-92.

10 Trentham-Dietz A, Newcomb PA, Egan KM, et al. Weight change
and risk of postmenopausal breast cancer (United States).

Cancer Causes Control 2000; 11: 533-42.

11  Christou N, Lieberman M, Sampalis F, Sampalis JS. Bariatric
surgery reduces cancer risk in morbidly obese patients.
Surg Obes Relat Dis 2008; 4: 691-95.

12 Adams T, Stroup A, Gress R, et al. Cancer incidence and mortality
after gastric bypass surgery. Obesity 2009; 17: 796-802.

13 Sjostrom L, Larsson B, Backman L, et al. Swedish obese subjects
(SOS). Recruitment for an intervention study and a selected description
of the obese state. Int J Obes Relat Metab Disord 1992; 16: 465-79.

14 Sjéstrom L, Lindroos AK, Peltonen M, et al. Lifestyle, diabetes, and
cardiovascular risk factors 10 years after bariatric surgery.

N Engl ] Med 2004; 351: 2683-93.

15  Sjostrém L, Narbro K, Sjostrom CD, et al. Effects of bariatric
surgery on mortality in Swedish Obese Subjects. N Engl ] Med 2007;
357: 741-52.

16 Waaler H. Height, weight and mortality. The Norwegian experience.
Acta Med Scand Suppl 1984; 679: 1-56.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Torgerson JS, Lindroos AK, Nislund I, Peltonen M. Gallstones,
gallbladder disease, and pancreatitis: cross-sectional and 2-year data
from the Swedish Obese Subjects (SOS) and SOS reference studies.
Am ] Gastroenterol 2003; 98: 1032—41.

Lindroos AK, Lissner L, Sjostrom L. Validity and reproducibility of
a self-administered dietary questionnaire in obese and non-obese
subjects. Eur J Clin Nutr 1993; 47: 461-81.

Sjostrom L. Surgical intervention as a strategy for treatment of
obesity. Endocrine 2000; 13: 213-30.

Cox D. Regression models and life-tables (with discussion).

J R Stat Soc 1972; B50: 225-66.

Sjostrom L, Lonn L, Chowdhury B, et al. The sagittal diameter is

a valid marker of visceral adipose tissue volume. In: Angel A,
Anderson H, Bouchard C, Lau D, Leiter L, Medelson R, eds. Recent
Advances in Obesity Research VII. London: John Libbey and Co Ltd;
1996. 309-19.

Anand P, Kunnumakkara AB, Sundaram C, et al. Cancer is a
preventable disease that requires major lifestyle changes.

Pharm Res 2008; 25: 2097-116.

Preiss D, Sattar N. Lipids, lipid modifying agents and cardiovascular
risk: a review of the evidence. Clin Endocrinol 2009; 70: 815-28.
Wee CC, McCarthy EP, Davis RB, Phillips RS. Screening for
cervical and breast cancer: is obesity an unrecognized barrier to
preventive care? Ann Intern Med 2000; 132: 697-704.

Adams TD, Gress RE, Smith SC, et al. Long-term mortality
following gastric bypass surgery. N Engl | Med 2007; 356: 753-61.
Sjostrom L. Swedish Obese Subjects: a review of results from a
prospective controlled intervention trial. In: Bray GA, Bouchard C,
eds. Handbook of Obesity. Third edn. New York, NY: Informa
Health Care; 2008: 503-15.

Hansson MA, Gluckman PD. Developmental origins of health and
disease. Basic Clin Pharmacol Toxicol 2008; 102: 90-93.

Renehan A, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role
of the insulin-IGF axis. Trends Endocrinol Metab 2006; 17: 328-36.
Key TJ, Appleby PN, Reeves GK, et al. Body mass index, serum sex
hormones, and breast cancer risk in postmenopausal women.

J Natl Cancer Inst 2003; 95: 1218-26.

Barb D, Williams CJ, Neuwirth AK, Mantzoros CS. Adiponectin in
relation to malignancies: a review of existing basic research and
clinical evidence. Am J Clin Nutr 2007; 86: s858—66.

Le Roux C, Welbourn R, Werling M, et al. Gut hormones as
mediators of appetite and weight loss after Roux-en-Y gastric
bypass. Ann Surg 2007; 246: 780-85.

Stunkard AJ, McLaren-Hume M. The results of treatment for
obesity. Arch Intern Med 1959; 79: 103-18.

Glenny AM, O’Meara S, Melville A, Sheldon TA, Wilson C.

The treatment and prevention of obesity: a systematic review of
the literature. Int | Obes Relat Metab Disord 1997; 21: 715-37.
Torgerson |S, Hauptman J, Boldrin MN, Sjéstrém L. Xenical in
the prevention of diabetes in obese subjects (XENDOS) study:

a randomized study of orlistat as an adjunct to lifestyle changes for
the prevention of type 2 diabetes in obese patients. Diabetes Care
2004; 27: 155-61.

MclInnis K]J. Diet, exercise, and the challenge of combating obesity
in primary care. J Cardiovasc Nurs 2003; 18: 93-100.

Dirx M, Zeegers M, Dagnelie P, van den Bogaard T,

van den Brandt P. Energy restriction and the risk of spontaneous
mammary tumors in mice: a meta-analysis. Int ] Cancer 2003;

106: 766-70.

Prentice RL, Caan B, Chlebowski RT, et al. Low-fat dietary pattern
and risk of invasive breast cancer: the Women'’s Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA 2006;
295: 629-42.

Beresford SA, Johnson KC, Ritenbaugh C, et al. Low-fat dietary
pattern and risk of colorectal cancer: the Women’s Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA 2006;
295: 643-54.

Rohan TE, Negassa A, Caan B, et al. Low-fat dietary pattern and risk
of benign proliferative breast disease: a randomized, controlled
dietary modification trial. Cancer Prev Res 2008; 1: 275-84.

Pan SY, DesMeules M. Energy intake, physical activity, energy
balance, and cancer: epidemiologic evidence. Methods Mol Biol 2009;
472:191-215.

www.thelancet.com/oncology Vol 10 July 2009



	Effects of bariatric surgery on cancer incidence in obese patients in Sweden (Swedish Obese Subjects Study): a prospective, controlled intervention trial
	Introduction
	Methods
	Patients
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


