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Obesity: is it responsible for cancer? 

Data and possible mechanisms



Obesity Cancers

Endometrial Cancer

Cervical Cancer

Vaginal Cancer

Vulval Cancer

Ovarian Cancer

Breast Cancer

Colorectal Cancer etc.



Challenges of Obesity & CancerΧ

Understanding the magnitude of the problemΧ
Epidemiological research

Manage medical and surgical challenges
Surgical trials, new technologies

Answer scietific gaps... Explore mechanims
Lab-based research

Improve prevention
Education, better detection, chemoprevention



Obesity: a Global EpidemicΧ

Statistics on Obesity, physical activity & diet :England 2010 in NHS information 

centre for life style statistics 2010.

National Health & Nutrition Examination Survey (NHANES) 2007 -2008 

ÅObesity rates are rising worldwide

Å2008: 1.5 billion  <20y are obese

ÅUK: 25% of adults are obese

50% of women will be obese by 2050 

[The Government commissioned Foresight report 2007]

ÅUSA: one-third of adults (33.8%) obese

Obesity: Preventing and managing the global epidemic. Geneva : WHO , 2000.
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2011

Females
É Crown copyright and database rights 2013 Ordnance Survey 100016969Adult obesity: BMI Ó 30kg/m2

Prevalence of obesity in adults (aged 16+)

Source: Health Survey for England

1993



2025

Obesity:   18%            21% 

Severe Obesity: 6%         9%

1975

2014



J NatlCancer Inst. 

1981 Jun;66(6):1191-308. 

Population Attributable Risks(%):
Smoking 29-31
Diet 20-50
Alcohol 4-6
Infection 10-20
Occupation 2-4
Reproductive hormones          10-20

No.1 No.2

WHO: overweight and obesity are the most important known avoidable cause of cancer after tobaccoΧ

WHO/FAO, Joint WHO/FAO Expert Consultation on Diet, Nutrition and the Prevention of Chronic Diseases, in WHO 

Technical Report Series. 2003, WHO: Geneva
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Risk Factors for Cancer
Colditzet al., Ann Rev Pub Health, 2012; 33: 137-56





Age-Standardized 
Endometrial Cancer 

Incidence Rates, 2012

Globocan

Age-Standardized 
Ovarian Cancer 
Incidence Rates, 

2012



Incidence Mortality

Breast cancer 795,000 313,000

Cervical cancer 450,000 300,000

Ovarian cancer 165,000 101,000

Endometrial cancer 142,000 42,000

Cancer Research UK (2011) CancerStats: Ovarian Cancer

Western societies:
Better prevention of some cancers like Cx Ca
BUT also 
Obesity pandemic and diabetesΧ
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The 20 Most Commonly Diagnosed 

Cancers: 1999-2001 and 2008-2010
Percentage Change in European Age-Standardised

Incidence Rates per 100,000 Population, Females, UK

Endometrial Cancer: Incidence & Deaths 
England & Wales (1997)

40%

Type 1 EC accounts for incidence 
increase

USA

New Cases: 47,130 - Deaths: 8,010

Most common Gynae Ca

6% of all cancer in women

UK: similar Χ.

4000/year in E&W

25-30% of all Gynae Ca
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2017

204 meta-analyses ïincidence & mortality from 36 cancers 



Downloaded from: The Sun online, https://www.thesun.co.uk/wp-content/uploads/2017/02/dk-composite-graphic-cancer2.jpg?strip=all&w=750



2017

204 meta-analyses ïincidence & mortality from 36 cancers 

-Risk increase ranged from 9% for rectal cancer among men to 56% 
for biliary tract system cancer for every 5 kg/m2 BMI 

-Risk of postmenopausal breast cancer among women who have 
never used HRT increased by 11% for each 5 kg of weight gain

-Risk of endometrial cancer increased by 21% for each 0.1 increase 
in waist to hip ratio. 



Challenges of Obesity & Gynae CancerΧ

Understanding the magnitude of the problemΧ
Epidemiological research

Manage medical and surgical challenges
Surgical trials, new technologies

Answer scietific gaps... Explore mechanims
Lab-based research

Improve prevention, survival..
Education, better detection, chemoprevention



Å Is surgical staging ςLND required in Endometrial Cancer?...

ÅPrimary or Interval debulking in Ovarian Cancer?....

ÅHow about Laparoscopicstaging?....

Debates - ControversiesΧ.

Tailored approachΧ.

BMI major factor that often affects our 
surgical approach & decision makingΧ



Lymphadenectomyé..



ChallengesΧ.
Pre-Operative Issues 
Å Diagnostic challenges: difficult to examine, perform endometrial biopsy, hysteroscopy, TVS
Å Imaging challenges:  MR scanners have weight limit, Unable to radiologicallystage, ? Use equine scanner
Å Nursing challenges:  Moving, wound dressing, mobilising
Å Equipment challenges:  Weight limit of bed, operating table, buy specialist equipment

AnaestheticIssues
Å Co-morbidities
Å IV access
Å Ventilation: poor lung compliance, high pressures 
Å Intubation difficulties

Surgical Challenges
Å Difficult moving patient to correct postion
Å Difficult access
Å Limited head down for laparoscopic surgery
Å Anatomical landmarks not relevant due to abdominal pannus
Å Intra-abdominal fat 

Post-Surgical Risks
Å Higher rate of conversion of lap procedures to open 
Å Wound infections, dehiscence , hernias
Å PE , DVTs
Å Cardiac events: arrhythmias, Mis
Å Chest Infections
Å Sleep Apnoea



Laparoscopic surgery: as safe, less morbidΧ



Obesity & Conversion rates

Conversion rate: 10.8% - increases with BMI
Not cost-effective BMI>35 depends on 
surgeonΩs experience

Conversion rate: 26% 
(obeseςaged)

Farthing et al. 2010

201 pts with 62% BMI>30

Conversion rate: 1%

Need to centralisecases

	



Challenges of Obesity & Gynae CancerΧ

Understanding the magnitude of the problemΧ
Epidemiological research

Manage surgical and post-operative challenges
Surgical trials, new technologies

Answer scietific gaps... Explore mechanims
Lab-based research

Improve prevention, survival..
Education, better detection, chemoprevention



Potential mechanisms

Being overweight/obese it causes lots of 
disruption of hormonal and metabolic pathwaysΧ 

Excess fat has been linked to 

higher oestrogenlevelsΧ

higher insulin levels Χ

and increased inflammationΧ

all of which can affect cell division



Å Obesity
Å Early Menarche
Å Late Menopause
Å PCOS
Å Type 2 Diabetes
Å Hypertension
Å An-ovulatory Infertility
Å HNPCC (hereditary 

non-polyposis colon Ca)
Å Tamoxifen
Å HRT
Å Ethnicity (white north 

americans)
Å Pelvic RDT

Risk factors for Endometrial Cancer

Å COC
Å E+P
Å MirenaIUS?
Å Smoking?? 

(weight 
related)

Å Caffeine?



Åd

Risk factors & Endometrial Cancer: umbrella review
Raglan, KallialaI, MarkozannesG, Gunter M, ParaskevaidisE, GabraH, Martin-Hirsch P, TsilidisK, Kyrgiou M

2017 (under review)



Mechanisms Growth 

factors

Adipokines, 

Inflammation 

Steroid 

hormones

Insulin 

resistance

Biomarkers
Insulin

C-Peptide 

HbA1c

Oestrogen

Progesterone

SHBG

Leptin

CRP 

TNF-Ŭ

IGF-1

IGFBP-3

Free IGF-I

Cancer
Endpoint

Exposures ObesityDiet Physical

activity

Obesity and Cancer: Mechanisms

?
Genetic 

variation



20 cancer 
sites

EC incidence 

strongest 
association



Å case-cohort study 
ÅWomenΩs Health Initiative Observational Study
Å 250 cases and 465 controls

Å Insulin positively associated with EC [HRq4-q1: 2.33, 1.13-4.82] 
after adjustment for age and estradiol

Å Free IGF-I inversely associated with EC [HRq4-q4: 0.53, 0.31-0.90] 
after adjustment for age, HRT, and estradiol 

Å Both associations stronger among overweight/obese, especially the 
association between insulin and EC (HRq4-q1, 4.30, 1.62-11.43)

Hyperinsulinemia may represent a risk factor independent of estradiol 

Cancer Epid Cancer Prev 
2008



Are metabolic defects associated 
with cancer?





Insulin and IGF-I Signalling

Is there a significant 
relationship between 
insulin, IGF - I and 
cancers related to 
obesity and diabetes?



The Womenôs Health Initiative

>160,000 

postmenopausal 

women enrolled U.S 

from 1993-1998 & FU 

continuously 

- Breast, bowel, womb Ca

- Heart Disease/Stroke

- Osteoporosis/fracture



Obesity Pathways & Cancers in Postmenopausal Women

Insulin

IGF-I

Free IGF-I

IGFBP-1

IGFBP-3

Glucose

HOMA-IR

Insulin/IGF Axis

Sex Hormone Axis
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Inflammatory 
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CRP HGF
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Womenôs Health Initiative 

Observational Study (N=93,676)

Representative 
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(N=900)

Endometrial 

Cancer

N=400

Colorectal 

Cancer

N=500

Breast Cancer

N=900



Metabolic Subtypes in Obesity

Not all obesity is the same - is this relevant for cancer?

BMI<25 + HOMA Q1 BMI<25 + HOMA Q3-4 BMI>25 + HOMA Q1 BMI>25 + HOMA Q3-4

Gunter et al., 2015 ; Cancer Research; 75 : 270 

Womenôs Health Initiative (500 cases, 2,380 controls)

Metabolically-defined 

Obesity Subtypes & 

Breast Cancer Risk
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RR

Quartile of Serologic Parameter

Oestradiol

Ptrend = 0.01

IGF-I

Ptrend = 0.10

Hazard 
Ratio

P<0.001

Multivariate model 
includes age, stage, 

grade, BMI

Gunter et al., 2014

Obesity

Risk of recurrence & 

survival

Insulin, IGF-I, IGFBP-3 & Progression Free Survival in GOG-0210
(n = 800 patients, n = 310 recurrences to date)

Quartile of Serologic Factor



Important Unanswered Questions

What are the precise metabolic and biochemical pathways 

that increase risk of developing endometrial and ovarian 

cancer?

ïEnhance understanding of aetiology and biological 

mechanism

ïIdentify biomarkers of susceptibility in healthy women

ÅRisk Prediction

ÅRisk Stratification, surveillance

ÅInterventions?

Do metabolic factors play a role in recurrence of endometrial 

& ovarian cancer and can they be used as prognostic tools?

Gunter et al., 2014



Biobank

EPIC

Bariatric Sx

Cross-sectionalΧ

LongitudinalΧ

InterventionΧ

Serum markers  

mRNA 

RPPA

Metabonomics Χ

Program of research

Biochemical entities 
known a priori 
(targeted)

Unknown 
(untargeted)



A Typical Metabolomic Experiment

N samples

Data
acquisition

Multivariate
statistics

Biomarker
identification

X metabolites

ÅN = ~520,000 recruited across 23 centres
ÅOn-going follow-up since 1992
Å~ 30,000 cancer cases & ~20,000 deaths
ÅHigh quality anthropometric, medical & lifestyle data
ÅSerum, tissue blocks

European Prospective Investigation into Cancer (EPIC)



Weight Loss & Colorectal Ca: INTERCEPT

Blood, urine, stool, colon biopsies 
banked

Intensive Weight 
Loss (VLCD)
(10-20%)

General 
Dietary Advice

(1-2%)

Blood, urine, stool, 
colon biopsies banked

obese subjects enrolled

6-9 months

(i) Insulin/IGF/mTOR     (ii) Adipokine/Inflammatory pathways  (iii) DNA Methylation

Ki67-

Post-

weight 

loss

Ki67-

Pre-

weight 

loss



Phosphorylated Insulin/IGF Receptor Expression in Postmenopausal Endometrium
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OBITEC: Bariatric surgery & Endometrial Ca

Diabetes remission at 2 years:
95% in biliopancreatic-diversion group

MingroneNEJM 2012 



Population screening & Preventive Measures
Screening
ÅNo certain method for screening population at risk

ÅOutpatient endometrial sampling & TVS: may be used in combination, but 
invasive ?value

ÅTumours usually present early with symptomsΧ

Preventative measures
ÅWeight loss: Life Style changes(diet & exercise)

Pharmaco-therapy 
Bariatric surgeries

ÅChemo-prophylaxis :*COCP
*Oral progesterone
*Injectable progesterone
*Mirena IUS      (FEMME trial ςno update)
*Metformin ςmTOR inhibitors



Schmidt 2015:
Meta-analysis of 33 studies on physical activity
RR=0.80, 0.75ς0.85 

Bandera 2007:
Meta-analysis of 17 studies high vs. low categories of vegetable intake reported 
RR=0.71, 0.55ς0.91

Mulholland 2008:
Meta-analysis of 5 studies of high GL consumers 
RR=1.20, 1.06 ς1.37) 

Upala 2015: 
meta-analysis of 6 studies on the effect of bariatric surgery
RR=0.40 (0.20-0.79)



MetforminΧŀƎŀƛƴǎǘ ŎŀƴŎŜǊ

Åd

Dowling et al, Journal of Molecular Endocrinology (2012)

Noto et al, PLoS One, 2012

Rizos, Eur J Pharmacology 2013



Summary
Probing Further into the Obesity-Cancer RelationΧ

Å Obesity & diabetes are significant, positive risk factor for a number of cancers (e.g. 
bowel, womb, kidney, postmenopausal breast, liver, oesophageal) many of which 
are becoming increasingly more common
ï Many unanswered questions around causality, mechanism and heterogeneity across cancer 

subtypes

Å Growing evidence to implicate hyperinsulinemia, oestrogens and inflammatory 
factors in the biological mechanism underlying the association between obesity and 
some malignancies

Å Future and current studies 

- applying new molecular technique & more advanced óomicsôtechnologies to 

understand the obesity cancer relationship
Metabolomics ςEpigenetics - Genomics  (GxE; Mendelian Randomization)

- Intervention studies with molecular outcomes
Weight loss trial and effects on endometrial tissue biology

Å Impact of obesity & metabolic pathways on prognosis & survival among cancer 
patients?

- Insulin signaling pathway and high stage endometrial cancer recurrence

Å Anti-diabetes drugs and cancer (e.g. Metformin)-intensely studied area at present



Thank youé



A Tailored Approach





feMME Trial - Eligibility

Eligibility:

ÅComplex Endometrial Hyperplasia with atypia 
OR

ÅGrade 1 EAC ï

Åavoid enrolling patients with advanced 
disease who need expedited surgery

ï Patients at high surgical risks or wish to retain fertility 

ï BMI > 30 kg/m2 

ï CT scan: absence of extrauterine disease

ï Myometrial invasion <50% (MRI)

ï Serum CA125 Ò30 U/mL



ÅPrimary aim: Efficacy of Mirena 

metformin/weight loss to achieve a 

pathological complete response at 6 

months from randomisation

ïHypothesis: will improve response rate 

from 45% to 60%

ÅSecondary aims: Predict the response to 

Mirena metformin/weight loss through 

blood and tissue molecular biomarkers

AIMS



UNANSWERED QUESTIONS

ÅHOW LONG IS SAFE?

ÅWHICH IS BEST PROGESTERONE?

ÅWHAT IS THE BEST DOSE?

ÅWHAT IS OPTIMAL SURVEILLANCE

ÅMy answers!



Metformin and Ovarian cancer

Metformin supresses metastasis in 
xenograftmodels (Sridhar/Buckanovitch)Lengyel, Obstet Gynecol. 2012

Rattan et al, J Cell Mol Med

2009



Insulin signalling



The metabolic effects of insulin



+ve regulation

-ve regulation

+ve regulation by phosphorylation

Glycolysis
Glycogenesis

Gluconeogenesis

Regulation of metabolism by insulin

Lipogenesis



Study Design

ÅBlood Samples
ÅSerum
ÅPlasma 
ÅDNA

ÅDiet 
Questionnaire
ÅLifestyle

ÅWell-
characterised 
case-control set
ÅGenomics
ÅHyperinsulin
emia
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Epigenetic studies of Obesity and Cancer



Study Design and Aims

EPIC-Italy

NOWAC

NSHDS

EPIC-NL
Genome-wide

association study

N=1,941
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Results
Å40 óinformativeôCpG loci

ÅABCG1 associated with all 

four measures

ÅAlso associated with gene 

expression and biomarkers 

of glucose and lipid 

metabolism

DNA 
methylati

on

Transcripti
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BMI
WC

WHR
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Triglycerid
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Results

Å40 óinformativeôCpG loci

ÅABCG1 associated with all 

four measures

ÅAlso associated with gene 

expression and biomarkers 

of glucose and lipid 

metabolism

ÅThree CpGs associated with 

disease endpoints
ï Two with incident CRC (IL2RB, FGF18), one with incident BC 

(KIFC3)

ï ~2% increase in AUC beyond traditional risk factors



Pre-malignant conditions

ÅEndometrial hyperplasia +/- cellular atypia architecturally 
may be simple or complex

ÅRisk factors for these similar to EC

ÅRisk of progressing to endometrial cancer:
Simple 1% With atypia 8%
Complex 3% With atypia 30%
Risk even higher if patient is postmenopausal

ÅManagement 

Ådepends on age of patient & histological pattern of the 
hyperplasia

ÅTreat with progestogens & FU ebdometrial sampling

ÅOlder or postmenopausal patients treat with hysterectomy 
specially if histology is high risk


