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Abstract

IMPORTANCE Obesity, defined as a body mass index (BMI) greater than 30, is associated with a
significant increase in the risk of many cancers and in overall mortality. However, various studies have
suggested that patients with cancer and no obesity (ie, BMI 20-25) have worse outcomes than
patients with obesity.

OBJECTIVE To assess the association between obesity and outcomes after a diagnosis of cancer.
DATA SOURCES PubMed, the Cochrane Library, and EMBASE were searched from inception to
January 2020.

STUDY SELECTION Studies reporting prognosis of patients with obesity using standard BMI
categories and cancer were included. Studies that used nonstandard BMI categories, that were
limited to children, or that were limited to patients with hematological malignant neoplasms were
excluded. Screening was performed independently by multiple reviewers. Among 1892 retrieved
studies, 203 (17%) met inclusion criteria for initial evaluation.

DATA EXTRACTION AND SYNTHESIS The Meta-analysis of Observational Studies in Epidemiology
(MOOSE) and Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guidelines were reporting guideline was followed. Data were extracted by multiple
independent reviewers. Risk of death, cancer-specific mortality, and recurrence were pooled to
provide an adjusted hazard ratio (HR) with a 95% CI . A random-effects model was used for the
retrospective nature of studies.

MAIN OUTCOMES AND MEASURES The primary outcome of the study was overall survival (OS) in
patients with cancer, with and without obesity. Secondary end points were cancer-specific survival
(CSS) and progression-free survival (PFS) or disease-free survival (DFS). The risk of events was
reported as HRs with 95% Cls, with an HR greater than 1associated with a worse outcome among
patients with obesity vs those without.

RESULTS A total of 203 studies with 6 320 365 participants evaluated the association of OS, CSS,
and/or PFS or DFS with obesity in patients with cancer. Overall, obesity was associated with a
reduced OS (HR, 1.14; 95% Cl, 1.09-1.19; P < .001) and CSS (HR, 1.17; 95% Cl, 1.12-1.23; P < .001).
Patients were also at increased risk of recurrence (HR, 1.13; 95% Cl, 1.07-1.19; P < .001). Conversely,
patients with obesity and lung cancer, renal cell carcinoma, or melanoma had better survival
outcomes compared with patients without obesity and the same cancer (lung: HR, 0.86; 95% Cl,
0.76-0.98; P = .02; renal cell: HR, 0.74; 95% Cl, 0.53-0.89; P = .02; melanoma: HR, 0.74; 95% Cl,
0.57-0.96; P < .001).

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question s obesity associated with
better prognosis in patients

with cancer?

Findings This meta-analysis of 203
studies with more than 6.3 million
participants found that obesity was
associated with increased overall and
cancer-specific mortality, especially
among patients with breast, colon, and
uterine cancer. In contrast, patients with
obesity and renal cell carcinoma, lung
cancer, or melanoma had better survival
than patients without obesity.

Meaning These findings suggest that
survival outcomes are poor among
patients with obesity and cancer, except

in lung cancer and melanoma.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this study, obesity was associated with greater mortality
overall in patients with cancer. However, patients with obesity and lung cancer, renal cell carcinoma,
and melanoma had a lower risk of death than patients with the same cancers without obesity.
Weight-reducing strategies may represent effective measures for reducing mortality in these
patients.
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Introduction

Obesity, defined as a body mass index (BMI; calculated as weight in kilograms divided by height in
meters squared) greater than 30, is a chronic disease with increasing prevalence around the world,
largely contributing to important health issues in most countries.! Alongside body fat, which is a
general risk factor for serious illness (eg, metabolic syndrome), greater cardiometabolic risk has also
been associated with the localization of excess fat in the visceral adipose tissue and ectopic
deposits.? Several large epidemiologic studies have evaluated the association between obesity and
mortality. In particular, a meta-analysis of 230 cohort studies including more than 30 million
individuals® found that both obesity and overweight were associated with an increased risk of
all-cause mortality. Despite the evidence that excess mortality increases with increasing BMI, some
studies have reached the conclusion that elevated BMI may improve survival in patients with
cardiovascular disease, a phenomenon called the obesity paradox.*

Increased BMI is also associated with an increased risk of multiple cancer types.” In addition,
obesity and overweight may increase cancer mortality.® During last decades, we have observed a
more rapid increase in obesity among adult cancer survivors compared with the general population.”
The mechanisms contributing to higher cancer incidence and mortality may include alterations in sex
hormone metabolism, insulin and insulin-like growth factor levels, and adipokine pathways.®°

Various studies have suggested that patients with cancer and a normal BMI (ie, 20-25) have
worse outcomes than patients with obesity. This phenomenon (ie, the obesity paradox) in cancer is
not well understood and presents controversial explanations.'®'? Three different meta-analyses
have led to different results, in particular in lung and renal cell carcinomas.™ " In lung cancer, obesity
is favorably associated with long-term survival of surgical patients. Moreover, in renal cell carcinoma,
aninconsistent association of BMI with cancer-specific survival (CSS) was found. Conversely, breast,
ovarian, and colorectal cancer are invariably associated with increased mortality in patients with
obesity."®"® The main explanations for these observations include the general poor health status of
patients with very low BMI. Additionally, weight loss may be associated with frailty and other risk
factors (eg, smoking)." In cancer, obesity is also associated with increased efficacy of programmed
cell death 1and programmed cell death ligand 1 (PD-1/PD-L1) blockade in both tumor-bearing mice
and patients.” This updated systematic review and meta-analysis was conducted to evaluate the
prognosis of patients with cancer who have obesity vs those without obesity.

Methods

Search Strategy and Inclusion Criteria

We followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline and the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
reporting guideline'®2° A systematic search was conducted of EMBASE, PubMed, and the Cochrane
Library for articles published from database inception until September 30, 2020. The following
search terms were used: ((carcinoma or cancer or sarcoma or melanoma or (“Neoplasms"[MESH]))
AND (obese OR obesity OR 30 kg/m? OR “body mass index") AND (hazard ratio) AND survival AND
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(multivariate OR cox or multivariable). The reference lists of identified articles were then manually
searched to identify potentially relevant omitted citations. Articles that were not published in
English were not included.

Retrospective and observational studies (ie, cohort, case-control) or prospective trials were
selected when they reported the association of obesity, defined as a BMI of at least 30, with the risk
of death (ie, overall survival [0S]), CSS, disease-free survival (DFS), or progression-free survival (PFS)
in patients with cancer compared with counterparts without obesity (ie, BMI <30). We placed no
restrictions on study setting, size, race, or country. Included studies were limited to those reporting
hazard ratios (HRs) and their corresponding 95% Cls. Studies were restricted to adult patients with
solid tumors. Hematologic malignant neoplasms were excluded. Short-term survival studies (eg.
postsurgical mortality) were also excluded. Baseline-only BMI evaluation was considered (eg, BMI
captured at cancer diagnosis in early-stage cancers or at metastatic disease in
advanced-stage cancers).

The most up-to-date versions of full-text publications were included. Study selection was
performed in 2 stages. First, titles and abstracts were screened; then, selected full-text articles were
included according to the eligibility criteria. If pooled analyses of more than 1study were evaluated
for inclusion, the included articles were manually evaluated for duplicate inclusion compared with
the other eligible articles. Screening was performed independently by 10 authors (M.G., GT., AG., A.
Indini, A.C., O.N., V.R., A. laculli, L.D., M.S.), and conflicts were handled by consensus with a senior
author (F.P.).

Data Collection and Quality Assessment

Data were collected independently by using a predesigned spreadsheet (Excel version 2007
[Microsoft Corp]). Collected data items included authors, year of publication, study setting and
design, median follow-up, treatments received, outcomes, and type of analysis. The primary
outcome was OS; secondary end points were CSS and PFS or DFS. Along with data extraction, 1
author (F.P.) assessed study quality according to a modified Newcastle Ottawa Scale (NOS; range 1-9,
with 1-3 indicating low quality, 4-6 indicating moderate quality, and 7-9 indicating high quality).?!

Statistical Analysis

First, pooled HRs with 95% Cls were estimated using random-effects meta-analysis with the generic
inverse-variance method for studies that provided fully adjusted HRs. Inconsistency across studies
was measured with the /> method. Cutoff values of 25%, 50%, and 75% indicated low, moderate, and
high heterogeneity, respectively. When /? was larger than 50%, a random-effects model was
primarily used because of the retrospective nature of included studies. To examine heterogeneity, we
performed exploratory analyses of predefined subgroups based on type of disease, type of study,
duration of follow-up, and race. Additionally, to address potential bias and verify our results, we
performed sensitivity analyses using a leave-one-out method and the trim-and-fill method.?? These
methods explore whether there are potential dominant studies that may have driven the results.
Finally, to investigate the risk of publication bias, we applied the Egger test and visually inspected the
funnel plots (ie, the Begg test).?® If the distribution of studies is symmetrical, the meta-analysis most
likely does not have problems with publication bias. All statistical tests were 2-sided using a
significance level of P < .05. All analyses were carried out using Comprehensive Meta-Analysis
software version 3.3.070.

Results

Our literature search yielded 1892 articles, of which 203 (17%) met the inclusion criteria for our
overall systematic review of the association of obesity with cancer outcomes (Figure). Most excluded
studies did not use the prespecified cutoff value for obesity (ie, BMI values different from 30 in 437
studies) or used a continuous cutoff for risk of death (eg, 1 unit-increase in BMI in 235 studies). Of the
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203 articles, 170 (84%) were eligible for inclusion in the systematic review of the association of
obesity with OS, 109 (54%) for association with CSS, and 79 (39%) for association with DFS or PFS.
Descriptive data for studies included in our meta-analysis are listed in Table 122422 Qverall, the
included studies included a total of 6 320 365 patients. Sample sizes ranged from 41to 1096 492
patients, with a median of 1543. Most studies were retrospective in nature (132 studies [63%]); the
minority were prospective cohort or observational studies (63 studies [31%]) or pooled analyses or
randomized trials (8 studies [4%]). Multivariable analysis was performed in 197 studies. Overall, 136
studies (63%) reported a significant association of obesity with the outcome in at least 1end point.
The mean NOS score was 7 (median, 7.5; range, 5-9), indicating that the overall quality of articles
was good.

0S and Obesity in Patients With Cancer

Atotal of 170 studies reported data on OS. Because the heterogeneity test showed a high level of
heterogeneity (1> = 79.7%; P < .001) among studies, a random-effects model was used for the
analysis. OS among patients with obesity was significantly worse than that among patients without
obesity (HR, 1.14; 95% Cl, 1.09-1.19; P < .001) (eFigure 1in the Supplement). The association of
obesity with outcomes was independent by other main cancer prognostic factors, including stage
(100%), sex (85%), age (100%), race (80%), smoking status (83%), and other comorbidities
according to multivariable analysis.

CSS and Obesity in Patients With Cancer

Similarly, obesity was associated with reduced CSS in 109 studies (HR, 1.17; 95% Cl, 1.12-1.23; P < .001)
(eFigure 2 in the Supplement). Heterogeneity was high (I = 73.9%; P < .001), so a random-effects
model was used.

Figure. Flow Diagram of Included Studies

815 Records identified through 1077 Additional records identified
PubMed searching through other sources

| |
i

‘ 1056 Records after duplicates removed ‘

|

‘ 1056 Records screened ‘

732 Records excluded because
—> they did not evaluate the
association of obesity with outcome

324 Full-text articles assessed
for eligibility

121 Full-text articles excluded because
—> they did not report hazard ratios or
other survival data

203 Studies included in
qualitative synthesis

!

203 Studies included in
quantitative synthesis
(meta-analysis)

[5 JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520 March 29, 2021 4/30

Downloaded From: https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.3520&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.3520
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.3520&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.3520

Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)
pasueApe
8 rd rd VAN VN pue Ajieg 7’86 isealg AemioN 9A1322ds0.139Y (T1) L¥T 9¢1 0T0T o518 32 Snewy
pajueApe
9 rd rd VAN LH 1D pue Ajieg [4514 isealg puejeaz maN 9A1303ds0.139Y (T2) see 6v01 810 6,18 39 pooMm|3
S rd rd rd VAN VN VN VN isealg S93€3S payun 9A1323ds0139Y (92) 9s0T LLOY 900 g;, 1€ 39 Weubig
S ~ ~ -~ VAN 1Hpues Ae3 VN Jsealg 93835 paiun aA11Dads0.139Yy (z1) s6€ :3 €007 183 weubig
Adeiayy d13ewalsAs
S rd rd VAN  3ueAnfpe jo/pue s Ae3 VN isealg (2] 9A1322ds0139Y (er) et 1348 800 o518 33 0SB\ 18Q
8 rd rd VAN VN Ae3 9'¢€9 isealg S9381S papun 9A1322ds50139Y (€v) 86TT L10€ €10T ¢p'18 38 131201)
pasueApe
8 -~ rd VAN LHIDLY'S pue £jie3 7'0L jsealg  wopbury payun aA11dads0ld (61) €€5 13214 STOT 418 33 Uosdo)
14 Jo/pue [H/1) pasueape
8 < rd VAN INOYIM IO yim S pue jie3 L seald S91e3S payiun 140402 ‘aA13d3dsold (€2) 106 8e T10T ;1€ 38 A04u0)
pasueApe
6 rd rd VAN VN pue Ajie3 9'6C1 sealg S91e1S payiun Ansibal ‘anidadsold (9) tv1 8L¥¢C 9T0T 518 33 J0uu0)
1043U02-35E)
8 rd rd VAN VN VN VN isealg S91e1S payiun ‘aA12adso.ld (zo)61€ JA24" 210 1,18 39 pueaAs))
6 rd rd VAN nv Ae3 6 Isealg €310)| Y3nos 2A1123ds0.139Y (6) 5L [4743] LT0T o183 Buny)
pasueApe
9 rd rd VAN LHLY1D'S pue jie3 ] isealg eulyd aA1}D3ds0.139Yy (9) €8¢ r0s 0T0T g¢'1B 38 UBYD
8 rd VAN S pue 13 uoianpuj pasueAnpy 00T isealg S91€3S paun 9A1322ds50133Y (9€) v9 LLT 0007 g¢ 1€ 33 Bueyd
L rd VAN 1 Ae3 8'0L isealg S91€1S payun 8€d-dgVSN ‘€ Iseyd (6€) L16T 0981 910 ,¢"18 39 1UIY2I)
8 rd VAN q0g3e1d SA Sdd Ae3 8°00T sealgd S93€3S payun 7€89-dgVSN ‘€ 3seyd (9€) 9811 T1€E 910C ,¢"1€ 39 1U1Y2I9)
8 rd VAN ZL1pue 1D Ae3 966 sealg S91€3S payun 1€9-dQVSN ‘¢ @seyd () v99 [40)¥4 910C ,¢'1e 31
VN rd VAN 1D Ae3 80T sealg S91€3S payun 0€£9-dgVSN ‘€ aseyd (r€) v6L1 G9¢S 910C ,¢1e38!
Adesayy d13eW)SAS
S - rd rd VAN  jueAnfpe.io/pue s Aie3 VN sealg S91e1S payiun 9A1322ds0.139Y () 60% 691 800T o¢ UMY pUe UER)
L - rd VAN S‘LH'LD Aie3 685 sealg Aey 9A1303ds0.139Y (L) 1€T 78 LT0T s¢"18 39 ouong
8 rd rd VAN VN Ae3 88 isealg S91e1S payiun aA12ads0.19Yy (€2) 00S [4i44 0TOT ¢ 18 32 a}emujielg
pasueApe
8 rd VAN LH 1Y 1D pue jie3 6 sealg S91€3S payun Apm3s 31040) (€2) s6T 658 6T10C ¢c'10 19 11e1g
eulyd sisAjeue-elaw
9 rd rd rd VAN nv Ae3 VN sealg ‘sa1e1s payun ‘siskjeue pajood (81T) 0€€T C0EET TT0T ¢¢'1e 33 hoseag
9 rd rd VAN 1D pasueapy 8T isealg 0dIXaN 9A1322ds50139Y (¥£) 965 618  ¥T0T 1¢ 1219 Seul|es-adly
pasueApe
L -1 VAN VN pue £jie3 69 isealg AemioN 9A1322ds0.139Y (91) TeV 0¥9¢ TT0T o¢ 18 30 Jjes|y
9 -~ rd VAN 1D pasueapy ()4 isealg elIAS dA1322ds0.ld (€€) Lt 8 LT0T 61832 131y
1D Jo/pue 1y pasueApe
9 < rd VAN YINOYIM 1o ypm S pue Ajie3 144 isealg eiskerepy 9A1322ds0.133Y (€T) €€P c1oe 810 g'1€ 39 Jegednqy
pasueApe
S rd VAN VN pue Ajieg VN isealg S91e1S payiun 9A132ads0.139Y VN SCT  900€ .18 19 uosweyelqy
8 rd VAN VN Ae3 61 utelg S931€3S payun 9A1323dsold (s0)91C €58 €102 o180 39136315
auIddeA
L rd rd VAN 90g yum 1gynL Ae3 114 Jappeig Rey 9A1323ds0139Y (T0) vee GSTT 6T10C ¢z'1 319 01134
1D 3ueanfpe
L rd rd rd VAN 3nOYHM o ypm S Ae3 144 Jappelg snoliep 9A1322ds0133Y (tv) 6€LT 811 €10 471213 b]2awoly)
fmend  sid/sia SS) SO siskjeue judwieal) abels  ow ‘ueipaw aseasiqg A13uno) 9dA} Apnis (%) 'ON ‘ON 92.nos
Jo adA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned

yum sjualeq

S9Ipn1S Papn|au| JO SINsHIRIRY) | 3[qeL

5/30

March 29, 2021

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)
LH Jo/pue 1) ¢ aseyd ¢
6 VAN INOYHM IO yim S Ae3 56 isealg S91e1S payiun ‘9A1129ds0119Y (L€) L¥SsT G889 710 g, 1@ 39 oueleds
8 -~ rd VAN L1H pue [Jyums Aie3 S6 isealg Sa1e1s payun - ¢ aseyd ‘aA1dads0.19y (9v) SwL1 L18Y ¢10C ,,"1e 19 oueleds
6 VAN VN Ae3 ozt isealg S91e1S payiun 9A132adso.ld (¢0) Lot €6 7661 9,18 19 31U3S
1H 0T0C
9 - VAN 3NOYIM 10 Y}IMm § K)1e3 X272 1sealg puedZIIMS 9A1129ds0.419Y o) zL 668 5,18 19 ISuaH-3sqoid
Adeiayy d13ewalsAs
8 rd VAN 3ueAnfpe jo/pue s Ae3 ¥°08 isealg S91e1S payiun 9A132adsold (90) 08¢ 0671 £00T y,"1e 13 3213ld
L rd VAN VN Ae3 09 isealg elisny 9A1322ds50139Y (To) s1€ 60ST €10T ¢, 1219 43113y
S rd VAN SLH LD Ae3 VN isealg ureds 9A1322ds0139Y (ro) 9L€T €899 €T0C ¢, 1019 saleled
2gqy3-1jue
§ rd VAN 141D ‘IH Ae3 VN isealg epeue)  Aisibal ‘9A1dadsol1Ry (8%) 06L1 JAZA3 0202 ,'1e 32 yuouepnQ
13
L VAN INOYHM IO Yyim S Ae3 9 isealg €910} Apmas 31040) (r€) 15¢ JAZA 110C(,1232 U0
8 -1 VAN S Kjae3 9'16 1sealg uspams 9A1322dS0439Y (¥) zoT 65761 6T0C go'18 32 NN
L rd rd VAN S Ae3 8'9/ isealg S91e1S payiun 9A1322ds0.133Y (91) 6€9 €66¢€ 0T0T go'18 39 SIOYIIN
6 VAN VN Ae3 08T isealg S91e1S payiun paseq-uoneindod (€2) T0E 80¢€T 9102 ,5'1€ 39 Ybnoyndon
pajueApe
6 VAN nv pue jie3 (0)44 isealg S91e1S payiun dA1323dsold (1) €€¥S 9€C 0y S00T 9518 39 4bnoyndoN
1H J1o/pue
1D juean(pe pajueApe
6 rd VAN 3NOYHM 10 Yy3Mm S pue Ajie3 7'8ST isealg llemeH 14040 ‘aA1323dso.d (61) 1L 8¢ TT0T ¢o'1€ 38 23ULIRY SR\
Adeiayy d13ewalsAs
9 rd VAN 3ueAnfpe Jo/pue s Ae3 09 isealg enensny 9A1322ds50139Y (c1) 1T T0TT S00T 91239107
6 rd VAN VN Ae3 [4! isealg Jewiusg 110402 ‘dA1323dsold (1) £9T 6¢CCT GT0T ¢g'10 39 UBsIe]
¢coaseyd
L rd VAN 12 Ae3 8°0L isealg 9duel ‘siskjeue pajood (€1) 999 6005 7T0T ¢9'1€ 33 2410pET]
pasueape 140402 aA1Rdadsold €
8 rd VAN nv pue £jie3 [438 isealg S91e1S PapuN  “0.13u0d-3sed pajood ¢ (0€) sove T1SETT ¥T0T 1918 32 UBMY|
14 Jo/pue |4
Jo/pue | ) jueanfpe
8 rd rd VAN InOYHM Jo ypm s Ae3 9'€6 isealg S91e1S payiun 140402 ‘dA1323dsold (91) 0¥ T 861 TT0T g'18 12 uemy|
§ rd VAN VN VN VN isealg S91e1S payiun 9A1322ds0.139Y (¢) Lt1 [3)87 0T0T 1€ 32 UBHID)Y|
L -~ rd VAN L1H 1D ILE 708 isealg ueder Anysibal ‘an3dadsold (9) L68 0600¢ 9T0T g 1€ 12 lemey|
L rd rd VAN VN ez 879 isealg S91e1S payiun 9A1322ds0.139Y (0€)64L1 €9 €10T ,5'1e 19 buodsiajenr
8 rd rd VAN LH 1D Ae3 6 Isea.lg €310} Ansibal ‘anidadsold (¥) zeot Tc0 1Y GTOT og'1€ 38 UOR[
8 rd rd VAN VN Aie3 60T isealg {oued 9A1323dsold (9) ¥61 091¢ 9T0T 51832 SIH
pajueApe
L rd rd VAN VN pue jie3 9'¢6 isealg Jewiusg 9A1323dso.ld (r1) 92 8¢S 0T0T y'1€ 38 Uuew)RH
pasueApe
L rd VAN nv pue £jie3 9Ly isealg S91e1S paiun aA11dads0139Yy (80) 9vS €861 T10T ¢5'1 18 3H
1H 1o/pue
1D 3ueanfpe
6 rd VAN INOY}M IO LJIM S Ae3 (414} isealg epeue) aA1}dads013RYy VN GES TT0T 518 39 UIMpo09
8 VAN nv Ae3 80T isealg S91e1S paiun 9A1322ds0133Y (09) 1Lv 6GGT LT0T 151833 oueDIad
<f1enp siskjeue juswieal] abels  ow ‘ueipaw aseasiqg Anuno) adA} Apnis (%) 'ON ‘ON 921n0§
JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Y3Im syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

6/30

March 29, 2021

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)

pasueApe

S rd rd VAN 1D°14°s pue Ajieg VN o4 S931€3S payun 9A1303ds0.139Y VN LeLS ¥T0T gor 18 32 13513d

S rd VAN 13 pasueApy VN pL») elensny 9A1323ds0139Y (6€) 29v [ZAN: GT0T ;o112 39 1936d
pasueape

S rd rd VAN VN pue £jie3 VN o4 S91€3S paun 9A1322ds0139Y (91) 8 IS 6007 907 1€ 39 0UIBO
pasueape

6 rd rd VAN nv pue £jie3 91 o4 S91€3S paun 110402 ‘dA1323dsold (61) 002 0901 TT0T 50118 19 BMBYLIO

Adeuayy d1ewaishs epeue) pue

8 - rd VAN 3ueAnfpe Jo/pue s Ae3 9'¢€9 Q¥ S93€3S payun 9A1322ds01d (€2) 9¢€t €70T  800C 101 18 32 3pIRYIAN

6 -~ rd VAN 13 pues Ae3 81T ¥ S93€3S payun Apmas 31040) (81) 90¢ 889T  ¥00T ¢or'18 39 IpIeUIaka

6 -~ rd VAN 1y pues Ae3 (488 o4 S931€3S payun Apmas 31040) (£1) 005 T9SE  €00T ¢o1'18 12 1pIRUIABN

L -~ rd VAN S‘14°1) Ae3 8G pLp) Auewzg 9A1322ds0.139Y (1) LT 19 6T0C o718 39 g1

ST10C

9 rd rd VAN qewnzideasq ‘1) pasueApy 9'LC pLp) 19els| aA1129ds0139Y (52) 97 81 00118 13 UOSIAd-1epiey|

8 rd rd VAN VN Ae3 80T o4 elensny Apms 11040) (€D v91 veL 8T0T 4618 32 BB DSEART

S rd rd rd VAN 13 Ae3 VN o4 eJLI_3WY YHION 9A1323ds0.139Y (o1) 18 88 9007 g 1€ 39 Weublg

9 -1 rd VAN 12 1ueanfpe ‘s Ae3 6°0€ o4 S31e1S papun  10Y0d ‘dAI130ads0.1y (r€) 625 €Sl 810T ;618 38 U31epyeq

9 rd rd VAN 14 pue 1) Ae3 7'6€ Q4 S91€1S paun 9A1322ds0139Y (1v) o 66 €10T 961239 31181)

L10¢

L rd rd VAN VN Ae3 L ¥ S93€3S payun 9A1322ds0139Y VN 0L¥T 4618 32 OUBIDI)94 S9padsa)
pasueape

S -~ rd VAN 1°s pue £jie3 VN pLp) snoliep aA11dRds0ld (90) €8¥1 G196 GT0T 618 39 119qdWe)

L -~ -~ rd VAN VN Ae3 L9 pLp) elensny 9A1322ds0.139Y (62) 85¢ 6.8 €107 ¢6'18 19 91f0g
pasueApe

L rd rd VAN VN pue Ajieg 6v J¥)  adoin3 uIsam aA11dads0ld (81) 689 76€ PT0T ¢6'18 32 03I1pa
pasueApe

6 rd rd VAN 1¥°s pue Ajieg €el 1€3IA13) S931€3S payun 9A1303ds0.139Y (€€) 9zoT 980¢ 10T 1618 33 Z3IAownly

12 T10C

L rd VN rd VAN 3NOYHM 10 Yy3Mm S Ae3 65 NL ‘dseaig S931€3S payun 9A1323ds0139Y (€€) 09% EIVT o612 30 IpURILIDG-WAYIBN

9 rd VN rd VAN S Ae3 6€ NL ‘dseaig S91€3S payun 9A1323ds0139Y (9¢) 58 T1€C 710T ¢5'10 33 poomeq

9 - rd VAN S Ae3 CLE NL ‘dseaig S91€3S paun 9A1322ds0139Y (6€) ¥9T 8Ty  TT0T gg'le 12 eMelAnwapy

pasueape annisod

(5 rd VAN L4IH1D'S pue £jie3 VN YH ‘Iseaig uspams 9A1322ds50139Y (1) 9L€ 019¢ 6007 ;518 39 B1aquasoy

S -1 rd VAN 1D1Y°s Ae3 VN 79943 "1sealg adoing 9A1322ds0.139Y (8) 10T 0S¢t €10T o510 10 BJ12.1RZZR\

L rd VAN LH 1D Ae3 0L isealg eulyd 9A1322ds0.139Y (62) 0891 G8.S ¥T0T gg'1e 32 OBIX

ST0¢

S -~ rd VAN LIH Yyim 13 Ae3 VN isealg Auewian V¥ $$30DNS ‘€ dseud (12) 882 L4TAS g 18 12 191pUSMUISPIM

6 < VAN S Ae3 9'6CT isealg S91e1S payiun 9A1322ds0.133Y VN 8.8 9T0T ¢g'1€ 32 UBLIBM
pasueape

9 < rd VAN 1D°'s pue Ajieg 0% isealg S931€3S payun 9A1323ds0139Y (ov) zoz 105 YT0T ¢zg'10 32 MeL

8 rd rd VAN S'LYLH 1D Ae3 08 isealg eulyd 9A1323ds0139Y (61) 26T LT0T 810C 1g'1€ 32 UNS

8 rd rd VAN VN Ae3 91 isealg S91€3S paun paseq-uoljeindod (Lg) 01v 60TT GT0T pg'1R 33 UNS

1H Jo/pue 1)
S rd VAN INOYM IO LIM S Ae3 VN isealg S91€1S paun Apms paziwopuey (og) z1e 0€0T €10C 6,139 NS
fend  s4d/sia SS) SO siskjeue judwieal| abels  ow ‘ueipaw aseasiqg A13uno) adA} Apnis (%) 'ON ‘ON 92.n0s
JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Y3Im syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

7/30

March 29, 2021

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)
pasueApe
S rd VAN VN pue Ajieg VN JDH Aey 9A1322ds0.139Y VN T¢S 8T0T yeq'10 0 418D
uoljejueldsuery
L rd rd VAN 1917 VN 09 JDH S91e1S payiun 9A1303ds0.139Y (7€) 1¥8¢ [413] 6T0C ¢c'10 10 BWY
L rd rd VAN S Ae3 9 DS 1810 ‘NH eulyd 9A1323ds0139Y (9) €€ 9.S 6T0C ¢e1' 1019 NH
L ~ -~ -~ VAN Ly yum 1o ez 9'89 NH Sa1e1S pajun 2A11D9ds0.139Yy (¥€) 59 06T 9T0T 1118 39 B1agssol
pasueApe
9 -1 rd VAN 13's'1y pue £jie3 0€ NH epeue) 9A1322ds0139Y (1) £ve 6.CT LT0OT ge1'10 39 BWED
9 rd VAN ZINLPue 1y ‘s VN 98y nNgos elpuj 9A1309ds0139Y (01) OF 6¢€ 8107 7118 39 NlEsey30d
SUETTHEEY
paunadsun pasuenpe oLseh
S - rd VAN ‘a0 1o/pue S pue £jie3 VN Jo snbeydos3 S91e1S paiun 9A1309ds0139Y (¥) 95T Wit G00T g¢1'18 39 SIDALIL
Jsg 1o/pue 1Y1) pasueape J113seb
8 -~ VAN INOYIM JO yiim S pue £).e3 89/ 10 snbeydos3 elfjensny aA1}23ds0139Yy (€€) €9¢ €8L TT0T s71' 10 @ YUYL
1413 Jo/pue
1¥ ‘1D ueanfpe eLIou|d.1eI0U3pe
6 rd rd rd VAN 3INOYHM 10 yyim S Ae3 8'vST ‘snbeydos3 S91e1S payiun 9A1309ds0139Y (61) 9% 8LL TTOT 7118 39 UOOA
pasueApe
§ rd VAN VN pue jie3 VN snbeydos3 uapams 9A1322ds50.139Y (01) 58 089 800C 7118 32 J013puUns
pasueApe
0] - rd VAN nv pue Ajie3 43 snbeydos3 epeue) 9A1322ds0.139Y (€1) 92 799 LT0T 4711 3 021je3IdS
S rd rd VAN S Ae3 VN snbeydos3 uspams 110403 ‘9A1323ds0.d (L1) %9 06¢ LTOT g1 1839 SAUAH
pasueApe
S rd VAN 1410°s pue Ajie3 VN 1eli3awopuy S91e1S PajuN  11040d ‘DA13ads011aYy 1) L1V L86T GTOT 77118 39 UOOA
pajueApe
L rd rd VAN 1D°'s pue jie3 174 1eli3awopuy ueder 9A1323ds0139Y (¥1) 66 9T, 10T 17118 32 0poL
pajueApe
9 rd VAN S pue £jie3 S jel3awopuy S91e1S payiun 9A1309ds0.139Y (1) €0t 067 $T0T o118 32 SBIOYDIN
1D pasueApe
8 rd rd VAN 3nOYHM Jo ypm S pue £jie3 'S8 jelidwopuy eleasny 9A1309ds0.139Y (zv) 89S 6GET 810T 111839 36BN
pasueApe
(5 rd VAN S pue £jie3 VN jel3awopuy Jlewusg 9A1322d50139Y VN (01337 LTOT gy1'1€ 30 UBSUBISLIY
SUEITHEEY
paunadsun uswom
8 - - YAIN ‘19430 Jo/pue § Rle3 8TIT Buowe ¥ $91e1S paun 9A1129ds0139Y (S1) 96 €€9 9007 ;1118 33 3504-eL0Q
pasueApe
S - rd VAN VN pue £jie3 VN pLp) eulyd Apmas 31040) (€0) ¢S 9t 9T0T o118 32 BUBYZ
pasueApe
9 rd VAN nv pue jie3 8'0% o4 eulydy 9A1322ds0.139Y VN [4948 LT0T g1 "1 32 buem
13
S rd VAN 3NOYHM 10 yHm S pasueApy VN o4 adoun3 9A1322ds0.139Y (00) £9 e T10T 41118 39 9hqu0S
8 rd rd VAN VN Ae3 9'€6 o4 S93e3S payun 9A1322ds0.133Y (81) €9vv T16C ST €T0T ¢1'18 39 3dodIuIS
1D 1e14} paziwopue.
S rd rd VAN Inoyymio yym s Ae3 VN BLs) S91e1S payiun ‘siskjeue pajood (€0) 0€9 €69¢C TT0T £11 18 3 2dodiuis
L rd VAW 1D°'s pasueapy VN ¥ S91e1S payiun 9A1309ds0.d (50) 6 w STOT 1111838 Yeys
pasueApe
9 rd VAN VN pue £jie3 [44 o4 Auewian 9A1323dsold (61) L6€ V1T 10T or1 18 1 436UISIYIS
pasuenpe
6 rd rd VAN Sy pue £jie3 (0)44 pLp) sajels payun  A13sibal ‘an3dadsoliay (L0) s6t 960T 0TO0T o118 32 UBWIZII]
fend  s4d/sia SS) SO siskjeue judwieal| abels  ow ‘ueipaw aseasiqg A13uno) adA} Apnis (%) 'ON ‘ON 92.n0s
JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Yam syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

8/30

March 29, 2021

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)
pasueApe
6 rd VAN VN pue Ajie3 081 sealdued S931€3S payun 110403 ‘9A1323dso.d (sT) 9€T 06 €T0T 1971033 UBNA
pajueApe
S rd rd VAN S pue jie3 VN sealdued S931€3S payun 9A1323ds0139Y (€0) 801 VA7 0T0T g9y 1€ 32 UOSIO
9 rd VAN VN VN LE sealdued snoliep aA1}23ds0.139Yy (€) 88661 S 66L €10C g5y 121D UINT
pasueApe
S rd VAN VN pue £jie3 VN sealdued S91€3S paun 9A1322ds50139Y (6T) €91 78 600C ggr' 1231311
pasueApe
6 rd VAN nv pue £jie3 (a4l sealdued S93€3S payun 9A1322ds50139Y (01) 15 016G 710T ,g1'10 32 buoo
8 -1 VAN VN VN 776t sealdued S91e1S payiun Apmas 31040) VN 7679601 GT0T 95118 32 43BUDIURD
L rd VAN 1410 pasueapy VN sealdued S91e3S payiun 9AI322dso.ld (008 1874 T10T o5 12312 181EQ
pasueApe
L rd VAN VN pue Ajie3 96 uellenQ adoun3 dAI32adso.ld (€1) 18 Ge9 800C g1 '1€ 39 buep
pasueApe 1043U02-35B)
6 rd rd VAN nv pue Ajie3 7911 uelienQ S91e1S payiun ‘aA12adso.ld (1) 8t 144 TT0T o118 32 191AL
pajueApe
S rd rd rd VAN 1¥4°s pue Ajie3 VN uepienQ S931€3S payun 2A1}23ds0.139Y (v€) 8T 18 $T0T ¢zg1'18 39 SINRId
pasuenpe eljesisny pue ejep
S -~ rd VAN VN pue lie3 VN uepienQ S31e1S payun  pajood ‘aA130ads013y (¢o) LSSt oL 6T0T 1118319 BASNUIN
pasueApe
6 rd VAN nv pue £lie3 oct uetlenQ epeue) aA112ads0.19Yy (81) 0€C €TPT  TT0T gy 18 39 SOIN0A0SI0)
pasueApe
S rd rd VAN 12 pue £jie3 VN uepienQ S9381S papun Apmas 31040) (0€) L¥s 9¥81 ST0T 6112 12 BIBPURY
L -~ rd VAN S Ae3 65 JDTOSN ueder 9A1322ds0.139Y (D) st TTET 9T0T gy1 18 39 EMEBREN
19Xe3230p 0c¢0c
L -~ rd YAN SA qewinziozayy pasueApy VN DT1OSN snoliep dA1322dso0.d (1) 6€T 1434 v 1B 32 3SSepeusydly|
pasueApe
L rd VAN VN pue Ajie3 91 DTSN S931€3S payun (310403) aA13d3ds0.d (so) 9zt 105 €102 o118 39 YILPIY
S rd rd VAN L1 pasueApy VN ewoueR S91e1S payiun sishjeue pajood (Lo €18 8161 6T0T gy 18 32 2pENDIN
9 rd VAN S Ae3 €9 bunq eulyd 9A1323ds0139Y VN 79 LT0T 7 10 13X
6 rd VAN VN VN (453 bun7 S91e1S payiun andadsold (1) ¥502¢ 669 881 TTOT ¢py 1839 JOUINL
pasueape 610C
S rd VAN VN pue £lie3 VN bun7 epeue) sisAjeue pajood (1) 81¥ LTC6C zp1 1833 YdIn0jaysdays
S rd VAN nv pasuenpy VN bun7 S91e1S paiun aA1129ds0139Y (€0) 6L 0cy 600C 151123910
(8) 9t
:syuedidiled
SHYM
“(€1) 05
1ed
S rd rd VAN VN VN VN bun S91e1S payiun 9A1322ds0.139Y €19 50T 600C gp1 18 12 JYBLWIUON
L rd VAN VN VN VN buny ueder aA1129ds0.d (9) ozse 1€68S TT0T geq 1832 BUNI]
pajueApe paziwopuel
6 rd VAN VN pue Ajieg GET bunq S931€3S payun ‘paseq-uoneindod  (¥7) TET 8T vrS Syl 6T0T gy UBLILRY-1PAY
pajueApe
6 rd VAN nv pue jie3 9°€cT JaAI S931€3S payun 9A1323ds0139Y VN 080T LT0T ;118 39 UOURDIN
pasueApe
9 P - YAN nv pue Ajie3 6  BWO0dIeSOAWOIa] $91e1S payun 3A1329ds0139Y 99) 2L 871 9T0T o118 39 3nb0OY
8 rd rd VAN S Ae3 S°09 JDH S91€1S paun aA11ads0.19Yy (¥) 98 e 6T0T ¢'10 39 buey
fend  s4d/sia SS) SO siskjeue judwieal| abels  ow ‘ueipaw aseasiqg A13uno) adA} Apnis (%) 'ON ‘ON 92.n0s
JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Y3Im syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

9/30

March 29, 2021

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)
8 VAN S Ae3 ¥'98 k] S931€3S payun 9A1323ds0139Y (€¥) 991 L8¢E 9T0T ggr'18 32 BYAINSd
L rd VAN S Ae3 99 BBLk] S91€3S paun 9A1322ds0139Y (s€) 9€e 0.6 9007 ;511839 J3)Jed
9 VAN S Ae3 8ve BBL] £3103] L3nos 9A1322ds0139Y () ozt 0§/¢e 0T0T gg;'1 32397
L VAN DL pasueapy qS pBL] 19es] 9A1322ds50139Y (r0) L9 8LC YT0T g 1B 32 UBWIZIBY|
aulsnwe.ys?
pue 19xe3a30p
SA duosiupaid
[ VAN  pue auojuexoMpy pasueApy VN |V ‘91815044 $91€1S pajun 9A129ds0119Y (8€) €5C 1.9 00T ¢gy 18 33 A13Wobjuop
pasueape
9 VAN VN pue £jie3 8¢ce IV ‘@1e350.4d S91€3S paun 9A1322ds0139Y (1) sov 96¢T £00T g1 12 19 IqRIRH
aplweinyy
1NOYUM IO
yam Awoidaiydlo
S VAN lelae)ig pascueApYy VN ay ‘aeisold 93835 paun 2A1}29ds0.139Y (91) 091 900T £00T ¢g; 18 32 A1awobiuopy
S VAN 1D pasueapy VN 93e350.d S91€3S payun 9A1322ds0139Y (s€) 81T €ee GT0T zg1'12 39 N
8 VAN S Ae3 918 931e3s0.d S91€3S paun 9A1322ds0139Y (ze) vLet 89t L10T 111213 18PIA
L - VAN S A3 9€ a)e1s01d Snolep andadso.d (1€) 98C v26 £00T o118 3 4316UEdS
9 VAN S Ae3 7'9¢ ae3sold Auewian 9A1322ds0.139Y (ST) €ove #T09T  LT0T g1 18 38 ULBWHIYDS
6 VAN 1H Ae3 eel 21e1501d  Wopbuly payiun 9A1322ds0.139Y (z0) 65 €LC 9T0C g,1'1€ 32 UBWPNY
pasueApe
8 VAN VN pue Ajie3 ey d3e3sold Jlewusg Apmas 31040) (ST) V1Y L189C ST0T ;,1'10 32 JANIBIN
9 VAN S Ae3 8¢ 93e350.d elsny 9A1322ds0.139Y (8€) z9ve 6159 LT0T 9,118 32 S2H-Te N
pasueape
L VAN VN pue Aj1eg 8 93e3s0.d S931€3S payun 2A1}23ds0.139Y (€) L8 1474 800 ¢ 11819 BN
pasueape
L VAN n pue jie3 09 93e3s0.d S931€3S payun 9A1322ds0139Y VN [44] LT0T ;11839 UBY)|
6 VAN VN VN 0.1 931e3s0.d S91€3S paun 9A132adsold (6) 7866 G8T CIT STOT ¢,1'12 13 P1aYus)|
pasueape
6 VAN nv pue £jie3 941 91e3s0.d S91€1S paun 9A1322ds0139Y (T9) ¢191 [44:7 9T0T ¢,1 1€ 1 A1)
pasueape
9 VAN S pue £lie3 184 91e3sold S93€3S payun 9A1322ds50.139Y (Te) Le€ 8€0T T10T 1,112 OH
6 vAN nv Ae3 941 ae3sold S91e1S payiun aA1129ds0.139Y (8)11C T16¢ 0T0T o 11832 UBH
SUENGEET
paidadsun 4ay3o pasueape
6 rd VAN pue 1y ‘1av ‘s pue £jie3 7911 a1eisold S93€3S payun 9A1322ds0.139Y (L1) 8T1 [4°7A £00T 69118 32 BUOD
6 - VAN VAN nv Ae3 01T 931e3sold Auewzn aA1129ds0139Y (£1) 95¢ T€1¢ ¥T0T gor ‘1€ 32 J2UY3044
pasueApe
6 rd VAN LH'IY'S pue Ajie3 144 d3e3sold epeue) 140402 ‘aA13d3dsold (61) 26T L86 810 ,o1'10 19 511
ula.asob
8 rd VAN INOYUM 10 ypm 1y pasueapy L6 d3e3s0.d S93€3S payun dA132adso0.d (ST) SPT Sv6 £00T 9971 39 NOIYILIS)T
S 4 VAN n Ae3 VN 93e3s0.1d S93€3S payun aA112ads0119Yy (TT) ¥95 8G1S LT0T go7'10 32 UBLLIDPIA
9 rd VAN 1¥4°s Ae3 514 93e3s0.d uspams 9A1323ds0139Y (T1) €8% VA3 4 ¥T0T 49 18 30 ULIOG
6 rd VAN VN VN 08T 931e3s0.d elensny 110402 ‘dA1323dsold (81) L¥t GCS 91 TT0T ¢o7 12 19 1105SRY
pasueape
S VAN S pue £jie3 VN seasdued S91€1S paun 9A1322ds0139Y (€1) €0T S6L 0T0T 97’133 1BS].
<f1enp siskjeue juswieal] abels  ow ‘ueipaw aseasiqg Anuno) adA} Apnis (%) 'ON ‘ON 921n0§
JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Yam syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

10/30

March 29, 2021

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

(panunuod)

pasueApe

6 rd VAN nv pue Ajie3 144" snoliep uemie] aA132adso.ld VN 95068 €10 o BUBSL

6 rd VAN VN VN 087 snoliep spueliayieN Apms 31040) (8) €89 G798  SGTOT g1 18 32 Udpeziybe]

6 rd VAN VN VN 9'10C snoliep adoin3 9A1309ds0.d VN S/ SET T10T gr'18 32 buog

6 rd rd VAW VN VN ey SNOLIBA  USPIMS ‘pue)uly 9A1323ds0139Y (1) £816 8EY¥EL 10T ;1,18 19 USLIOJUBA)IS

6 rd VAN VN VN 0ST Snoliep ueder 110402 ‘dA1323dsold (0) LTgL [€4233 TT0T o171 13 PINzeses

S rd VAN VN VN VN Snoliep nv 9A1322ds0139Y () 82691 STCT0Y 0T0T g1z'18 39 Jled

6 rd VAN VN VN 60T Snoliep eulyd Apms 11040) (z1) ¥98 EVCTL 0T0T 1718 32 BINYIBN
pasueApe

L rd VAN VN pue £jie3 VN snovep pueyazyims paseq-uoljeindod (8) 078¢ €0LS€ STOT g1 10 30 JKdIN

9 -~ rd VAN Awoydejeday pasuenpy 1€ snoliep S91e3S payiun 9A1322ds0.139Y (5€) L6 6LC 0T0T 7171832 Iny1epy

S -~ rd VAN 11 pasueApy VN Snoliep S91e1S payiun 9A1322ds0.139Y (90) €t 06 020T 1171832 Ul

S rd VAN VN VN VN snoviep snoliep 9A1322ds0.133Y (€) ¥956 GLGETE T0T o118 32 BlRyRYD)
pasueApe

8 rd VAN nv pue jie3 89T Snoliep epeue) 2A1}23ds0.139Y (6T) TL61 TTSOT  TTOT g0 18 30 MAZIBWIZIEY

L rd VAN VN VN 9'€6 snolie  wopbury payun Apmsioyod  (S7) 6€SCT T€9¢0S 8T0T gor 18 39 Subjuar
pasueApe

S rd VAN VN pue £jie3 VN snoliep S91e1S payiun 9A1322ds0133Y VN LT6 GT0T ;0718 319 Uassuer

6 rd VAN VN VN 8'0¢¢C Snoliep eulyd Apms 11040) (0) s€e ¢80T 6T0T 90712 19 EplWINZ]|

§ rd VAN VN VN VN snovep S91e1S payiun 9A1322d50.139Y (s) 802 T06 €T 10T goz'18 39 UBH
pasueApe

6 rd rd VAN nv pue £jie3 [4i14 snolep uspams 110403 ‘dA1323ds0.d (9%) 0Tee 190L LT0T oz 12 10 ela

9 -~ rd VAN T7-0d/T-ad-1uy pasueApy LT snoliep Key 9A1322ds0.139Y (6€) LL€ 9.6 6T0T goz'18 32 IUN}31I0)

8 rd VAN VN VN VN snoliep S91e1S payiun aAIdadsold  (91) 959 €T S691S TT0T 018 3 SPBOg

S rd rd VAN VN VN VN snovep ureds aAIdadsolRy  (87) 8ST ST vy vS 8T0T 101832 050.1eg

8 rd VAN VN VN 8L snoliep S91e1S payiun 9A1323dso0.ld (6€)98.8 YIS TC  8T0T goc 18 3 NMiwdAuply

S rd VAN VN VN VN Snoliep snoLlep  110Y0d ‘dA1323ds0.1RY (T1) £9S 9€09 TT0T 66112 32 URNINPQY
pasueApe

L rd VAN VN pue £jie3 VN auLRIN Jewiusg paseq-uoljeindod (L) ¥86 8€9¢ 9T0T ge1 1€ 32 UNDPISS
1D pasueApe

S rd rd VAN INOY3M 0 LM S pue £jie3 VN auLdINn S91e1S paiun 9A1322ds50.139Y (60) ¥81 LT9  PTOT 6118 38 YISNQIRINY
pasueApe

9 -~ rd VAN 141 yims pue £jie3 7'9¢ auLdIn S91e1S payiun 9A1322ds0.139Y (69) 651 599 9T0T 96118 12 ONSIEIN
pasueApe

L < rd VAN VN pue jie3 19 auLdIn S91e1S payiun 9A1322ds0.139Y (€7) 019 0071 €10T 56118 12 WY

1eldy3oan

9 -~ rd rd VAN S Ae3 6€ peiy saddn eulyd 9A1322ds0.139Y (¥1) 6 79 6T0T 11830 NX

S < rd rd VAN S Ae3 VN anbuoy S91e1S payiun 9A1322ds0.133Y (61) 0 GST #T0T ¢6r 1€ 39 JBBUIA|

9 < rd VAN SUOU SA 1Y VN 8 SIS epeue) 2A1}29ds0.139Y (6) 1L 19¢ 6T0C ¢67'18 32 Y3pNOH
pajueApe

9 rd rd VAN S pue jie3 8 SI93Ued pljos uemie]  3J040d ‘aA1302ds0.139Y (£) 29t TGS €€ 8T0C 161833 BuUny

L rd VAN S Ae3 €5 DY S91e1S payiun 9A1322ds0139Y (1) v 09¢ 166T g7'12 39 NA
pasuenpe

9 rd VAN S pue £jie3 A744 DY S91e1S paiun 9A1322ds0133Y (€v) €¥ 66 TT0T g1 18 32 SS2IS

fend  s4d/sia SS) SO siskjeue judwieal| abels  ow ‘ueipaw aseasiqg A13uno) adA} Apnis (%) 'ON ‘ON 92.n0s

JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned
Y3Im syuaized

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

1/30

March 29,2021

& JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022

Downloaded From



Obesity and Survival Outcomes in Patients With Cancer

JAMA Network Open | Nutrition, Obesity, and Exercise

‘(seulepIng [euonninsul Suimoj|oy) uoisap ,sueisAyd 03 Suip1odde JuaLLlea.) Jaduedue JIwlsAs
1UBIWODUOD paAadal sjuaned ‘ogadeld SA S4g @193l 01 sjusiied Jeoued Isea.q SulziWopuel (el [ealul) q
“(Anjenb ySiy Sunedipul g-£ pue ‘Ajjenb aesspow Suriedipul
9-4 'Ajjenb moj Sunedipul -] yum ‘6-| 98uel) 9|edS BMEIIQ B[ISEIMBN PaljIpoL e 0} Sulplodde passasse A)enD .
'sisA|eue @1eLIBAIUN "YAN LIOWN] JSPPE|] JO UOIIRSa [BJY1DJNsUel} ‘| gyn L ‘qewnznisesy 'z | ‘Adesayy
pa3198iey ' 1 ‘aAnesau a|diy ‘N ‘9pILIOjoZOWwa} ‘Z N 1 H103qIyul dseun| aulsolAy ‘|1 ‘A1981ns 'S ‘ewourdied |32

snowenbs '))S ‘eWOdJes anssi} 1os 'S 1S Adelayiolpel ‘| Y ‘ewoulded |93 [eudd ‘J)JyY {|eAIAINS 93u4-uolssaiSold
'S4d ‘1 puesi| yieap |j92 pawweiSoud ‘| 1-Ad L Yyeap [|92 pawweiSoid ‘|-ad {[eAIAINS [[BISA0 ‘SO '9|qedldde

10U YN !SISAjeue ajeleAlnw "YA ‘19aued Sunj (192 |lews-uou ‘)7ISN ‘Adesaylounwiwi ‘] | ‘Adesayy suowioy

‘| H t101d@d81 suowWLIoy "YH SJown] yI3u pue peay ‘NH ‘ewoulnied Jejnjjedoiedsy ‘JIH ‘BLiion|nw ewolse|qols
‘INgD ‘|eAInINS d31y-9seasIp 'S4q ‘Adelsyioipes yum Adessyiowsyd ‘Y1) ‘Adelayiowsyd ‘[ ) {[eAIAINS dijdads
192Ue) 'SSD) {19dUed [B12310]02 Iy ‘@82 aAntoddns 1s8q Jsg ‘e1euoydsoydsiq 'Sdg uLign9-answied snjjeg
'9)g ‘juspuadapur uaSoipue ‘|y ‘Adesayy uonealidsp usSoipue ‘| Qv ‘Juspuadsp usSoipue ‘gy :SUORIARIGQY

pasueApe

L rd rd VAN VN pue Ajieg LTS snovep eulydy 110403 ‘9A1323ds0.d VN VIET GTOT 6718 33 NOA

6 rd VAN VN VN (44 snovep ueder dA132adso.ld (c0) 6L T¥9€ €T0T 7718 19 OUBA

6 rd VAN VN VN 70¢ Snoliep S91e1S payiun Apms 11040) (0€) 5881 L6T9 8T0T ¢z 183 NX

S rd rd VAN 11 pasuenpy VN Snoliep S91e1S payiun 9A1322ds0139Y (c1) 18 06¢ 6T0C 21'1€ 33 buem

L rd VAN VN VN 8179 SNolleA  SpuelIay3IaN syl 2A1123ds0.139Yy (8T) 1681 JAZ4 )} €T0T ¢z¢'18 12 Uliualep
pasueApe

6 rd VAN nv pue £jie3 0¢ Snoliep uemie] 9A1322ds50139Y VN 9YS 6 9T0T 1¢¢'PUBSL

fend  s4d/sia SS) SO siskjeue judwieal| abels  ow ‘ueipaw aseasiqg A13uno) adA} Apnis (%) 'ON ‘ON 92.n0s

JoadA| ?seasiqg ‘dn-moyjo4 ‘Aysaqo  ‘sjuaned

yum sjualeq

(panunUO0d) S3IPNIS PapN|aU] JO SoNsHRIdRIRY) °| d|qeL

12/30

March 29, 2021

[5 JAMA Network Open. 2021;4(3):€213520. doi:10.1001/jamanetworkopen.2021.3520

Downloaded From: https://jamanetwor k.com/ by a Biblioteca IRCCS Ospedale Maggiore - Milano User on 05/27/2022



JAMA Network Open | Nutrition, Obesity, and Exercise Obesity and Survival Outcomes in Patients With Cancer

DFS or PFS and Obesity in Patients With Cancer

In 79 studies, obesity was associated with worse DFS or PFS compared with not having obesity (HR,
113; 95% Cl, 1.07-1.19; P < .001) (eFigure 3 in the Supplement). Heterogeneity was high (* = 73.7%;
P < .001), so a random-effects model was used.

Subgroup Analysis

A subgroup analysis for OS was performed according to type of disease (Table 2, Table 3, and

Table 4). Patients with breast, colorectal, or uterine cancers and obesity had higher overall mortality
than those without obesity (breast: HR, 1.26; 95% Cl, 1.2-1.33; P < .00T; colorectal: HR, 1.22; 95% Cl,
1.14-1.31; P < .00T; HR, 1.20; 95% Cl, 1.04-1.38; P = .01). Patients with obesity and lung cancer, renal
cell carcinoma, or melanoma had better survival outcomes compared with patients without obesity
and the same cancer (lung: HR, 0.86; 95% Cl, 0.76-0.98; P = .02; renal cell: HR, 0.74; 95% Cl,
0.53-0.89; P = .02; melanoma: HR, 0.74; 95% Cl, 0.57-0.96; P < .001). CSS was decreased in
patients with obesity and breast, colorectal, prostate, and pancreatic cancers (breast: 1.23; 95% Cl,
1.15-1.32; P < .001; colorectal: HR, 1.24; 95% Cl, 1.16-1.32; P < .001; prostate: HR, 1.26; 95% Cl,
1.08-1.47; P = .01; pancreatic: HR, 1.28; 95% Cl, 1.05-1.57; P = .01). DFS was decreased in patients with
obesity and breast, colorectal, prostate, and gastroesophageal cancers (breast: HR, 1.14; 95% Cl,

Table 2. Association of Obesity With Overall Mortality, by Cancer

Type of
Disease Studies, No. HR (95% Cl) P value % analysis
Bladder or UTUC 3 1.08 (0.98-1.20) 11 0 Random
Brain 2 0.96 (0.50-1.84) .90 88.5 Random
Breast 59 1.26 (1.20-1.33) .004 51.3 Random
CRC 30 1.22(1.14-1.31) .001 54.5 Random
Gastroesophageal 7 1.08 (0.77-1.52) .62 80.2 Random
Head and neck 7 0.59 (0.33-1.05) .07 65.4 Random
Hepatobiliary 5 1.06 (0.89-1.25) 48 73.6 Random
Lung 11 0.86 (0.76-0.98) .02 60.4 Random
Melanoma 1 0.74 (0.63-0.89) .004 0 Random
Ovarian 4 1.03(0.75-1.41) .84 64.7 Random
Pancreas 6 1.36 (0.95-1.93) .08 80.5 Random
Prostate 12 1.07 (0.91-1.25) .38 69.7 Random
RCC 5 0.78 (0.57-0.96) .02 89.5 Random
Wiaiiie 12 1.20 (1.04-1.38) o1 60.8 PRI Abbreviations: CRC, colorectal cancer; HR, hazard
Various 9 1.10 (1.05-1.16) 008 96.1 Random ratio; R.CC, ren‘al cell carcinoma; UTUC, upper tract
urothelial carcinoma.
Table 3. Association of Obesity With Cancer-Specific Mortality by Cancer Type
Type of
Disease Studies, No. HR (95% CI) P value ?,% analysis
Bladder or UTUC 3 1.36 (0.96-1.93) .08 59.4 Random
Breast 36 1.23(1.15-1.32) .004 58.8 Random
CRC 13 1.24(1.16-1.33) .002 0 Random
Gastroesophageal 2 0.83 (0.58-1.16) .28 0 Random
Head and neck 3 1.35(0.27-6.74) .70 90.5 Random
Hepatobiliary 1 0.79 (0.50-1.24) 31 0 Random
Lung 3 0.53 (0.30-0.92) .02 0 Random
Ovarian 4 1.06 (0.82-1.37) .61 333 Random
Pancreas 3 1.28 (1.05-1.57) .01 61.1 Random
Prostate 15 1.26 (1.08-1.47) .001 57.9 Random
RCC 4 1.08 (0.58-2.00) .80 89.5 Random
Uiz 6 1.02 (0.75-1.39) 86 69.1 Rercla Abbreviations: CRC, colorectal cancer; HR, hazard
Varions 16 1.08 (0.97-1.19) 14 833 Random ratio; RFC, ren.al cell carcinoma; UTUC, upper tract
urothelial carcinoma.
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1.1-1.19; P < .00T; colorectal: HR, 1.15; 95% Cl, 1.01-1.3; P = .01; prostate: HR, 1.29; 95% Cl, 1.07-1.56;

P < .001; gastroesophageal: HR, 1.62; 95% Cl, 1.13-2.32; P < .001). Additional subgroup analyses
included type of study (retrospective: HR, 1.07; 95% Cl, 1.07-1.18; P < .00T1; prospective: HR, 1.14; 95%
Cl,1.05-1.23; P < .001), duration of follow up (>10 years: HR, 1.16; 95% Cl, 0.86-1.58; P = .08; <10
years: HR, 1.23; 95% Cl, 0.84-1.63; P = .09), race (non-Asian race: HR, 1.22; 95% Cl, 0.86-1.66,

P = .06; Asian race: HR, 1.22; 95% Cl, 0.74-1.72; P = .09), and stage of disease (early: HR, 1.20; 95%
Cl, 0.99-1.25; P = .07; advanced: HR, 1.2; 95% Cl, 1.12-1.28; P = .01). Regression analysis according to
NOS score was not significant.

Publication Bias

A funnel plot was used to assess publication bias in the studies evaluating OS in patients with and
without obesity. No publication bias was detected by funnel plot inspection (Begg test). Egger test
was instead significant (eFigure 4 in the Supplement). According to the trim-and-fill method, 18
studies were placed to the left of the mean, and according the random-effect model, the final result
for OS was similar (HR, 1.08; 95% Cl, 1.03-1.13). After the leave-one-out procedure, HRs for OS ranged
from114 to 1.15.

Discussion

This meta-analysis found that overall mortality was increased in patients with obesity and breast,
colorectal, or uterine cancers. Cancer mortality was increased in breast, colorectal, prostate, and
pancreatic cancers. Finally, the relapse rate was increased in breast, colorectal, prostate and
gastroesophageal cancers. The obesity paradox, which describes improved cancer and all-cause
mortality rates among patients with obesity, was observed in lung cancer and in melanoma; however,
these data derive from only 12 studies. We used a categorical BMI definition of obesity (ie, BMI =30),
because a more standardized definition would permit the comparison and synthesis of studies better
than other categories (eg, continuous measures or unit of BMI increase).

The magnitude of effect size was similar for both OS and CSS in breast, colorectal, and lung
cancer. This means that obesity may affect both the natural history of cancer and noncancer-
related deaths.

Various factors are potentially associated with increased cancer mortality in some malignant
neoplasms. Hormonal factors, reduced physical activity, more lethal or aggressive disease behavior,
metabolic syndromes, and potential undertreatment in patients with obesity are possible reasons. It

Table 4. Association of Obesity With Recurrence by Cancer Type

Type of
Disease Studies, No. HR (95% Cl) Pvalue 2, % analysis
Bladder or UTUC 3 1.42(0.92-2.20) 11 88.3 Random
Breast 34 1.14(1.10-1.19) .002 0 Random
CRC 12 1.15(1.01-1.30) .02 67.6 Random
Gastroesophageal 1 1.62(1.13-2.32) .005 0 Random
Head and neck 3 1.03 (0.48-2.20) .92 75.7 Random
Hepatobiliary 2 1.06 (0.73-1.53) 73 88.9 Random
Lung 2 0.55(0.18-1.62) .28 77.5 Rando
Melanoma 1 0.79 (0.69-0.90) .006 0 Random
Ovarian 2 1.04 (0.92-1.17) .52 0 Random
Prostate 11 1.29(1.07-1.56) .003 85.1 Random
RCC 4 0.69(0.41-1.14) .15 62.4 Random
Sarcoma 1 0.89 (0.47-1.68) 72 0 Random
Uiz 2 0.98 (0.45-2.11) 97 743 R Abbreviations: CRC, colorectal cancer; HR, hazard
Varions 1 0.72 (0.49-1.05) 09 0 Random ratio; RFC, ren.al cell carcinoma; UTUC, upper tract
urothelial carcinoma.
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is well known that postmenopausal women with higher BMI have an increased risk of breast cancer
because of higher estrogen levels resulting from the peripheral conversion of estrogen precursors
(from adipose tissue) to estrogen.??® In these patients, weight loss and exercise may reduce cancer
risk by lowering exposure to breast cancer biomarkers.?%” In colorectal cancer, prediagnosis BMI was
associated with increased all-cause, cardiovascular, and colorectal cancer-specific mortality.2?® The
reason for this association is not presently understood, although insulin, insulin-like growth factors,
their binding proteins, chronic inflammation, oxidative stress, and impaired immune surveillance
have been supposed to be causative factors.?2° In pancreatic cancer, higher prediagnostic BMI was
associated with more advanced stage at diagnosis, with 72.5% of patients with obesity presenting
with metastatic disease vs 59.4% of patients with reference-range BMI (P = .02) in 2 large
prospective cohort studies.'' Lastly, in prostate cancer, obesity may be a consequence of androgen
deprivation therapy but seems also associated with more aggressive disease (ie, Gleason score
=7)?3° or more advanced disease at diagnosis.?>'

Our results showed that patients with obesity and lung cancer had significantly prolonged CSS
and OS compared with patients without obesity. When considering these findings, we must take into
account that 9 of 11 evaluated studies included patients with advanced and/or metastatic disease.
Cancer cachexia mechanisms are not completely defined, but research has shown that the systemic
inflammatory status induced either by the tumor or host response is a key moment in the
development of cachexia.?*? Lung cancers are indeed known to be aggressive, and patients with
advanced disease usually have poorer performance statuses and experience significant weight loss
at the time of diagnosis, which underlies a systemic inflammatory response.?** In our studies, obesity
was positively associated with OS, independent of smoking status, in patients with lung cancer.
Interestingly, a post hoc pooled analysis of randomized prospective trials comparing a PD-L1
checkpoint inhibitor (atezolizumab) with docetaxel in patients with advanced non-small cell lung
cancer (NSCLC), revealed that the OS benefit for patients with obesity vs those with reference-range
BMI was restricted to patients who received immunotherapy; no association was found in the group
receiving docetaxel."” Another study also explored the role of baseline BMI and BMI variation during
treatment in a cohort of patients with advanced NSCLC and PD-L1 expression of at least 50% who
received first-line pembrolizumab (a PD-1 checkpoint inhibitor) and in a control cohort of patients
with NSCLC receiving first-line standard chemotherapy, confirming that the survival benefit for
patients with obesity was restricted to those receiving immunotherapy.?3*

Similar findings have been described in patients with melanoma receiving immunotherapy, and
a survival benefit for patients with obesity was reported in the single study?°® included in our meta-
analysis. However, despite some evidence showing that patients with obesity and melanoma who
were receiving immune-checkpoint inhibitors achieved better outcomes,?3>23® the association is
currently questioned, given that opposite results have been reported in a multicenter study.?>”

Interestingly, patients with obesity and renal cell carcinoma also had a significantly longer OS
compared with the patients without obesity. It has been hypothesized that the perinephric white
adipose tissue acts as a reservoir of activated immune cells, with increased characteristics of hypoxia,
infiltration of T helper type 1 cells, regulatory T cells, dendritic cells, and type 1 macrophages.
However, only 1of 6 studies included patients who were receiving immunotherapy.?3%23°

Intriguingly, we found that the association between obesity and better clinical outcomes was
confirmed for those malignant neoplasms in which immune checkpoint inhibitors have first (and
strongly) proved to be effective; however, studies involving patients receiving immune checkpoint
inhibitors are poorly represented in this meta-analysis. Such results might be an epiphenomenon;
however, we speculate that white adipose tissue could be considered an immune organ, which
somehow plays a role in the antitumor immune response. It has been observed that the adipocyte-
derived hormone leptin could alter T cell function, resulting in improved response to anti-PD-1
therapy. Moreover, another preclinical study reported that white adipose tissue acts as a reservoir
for a peculiar population of memory T cells, which elicit some effective responses in the case of
antigenic re-exposure during infections (and why not in case of exposure to cancer-specific
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antigens?).2*C Finally, considering that immune checkpoint inhibitors exert their action within the
tumor microenvironment, modulating the interactions between the tumor and the host, it has been
proposed that systemic metabolic conditions, including high blood cholesterol, obesity,
hyperglycemia and diabetes, atherosclerosis, and hypertension, may represent the epiphenomena
of an inflamed patient. Such a patient might be characterized by an enrichment of cytokines and
pro-inflammatory mediators (both in the innate and adaptive compartments) and by a condition of
T cell exhaustion, with defective cellular-mediated mechanisms. Nevertheless, in these patients,
immune checkpoint blockade might be more effective in reversing this immunological anergy both
at the tumor and at the systemic levels.?*!

Patients with obesity are also at increased risk of reduced physical activity. Various studies
highlighted this concept. Physical activity decreases over time in patients with obesity.242243 |n
particular, physical activity is strictly associated with breast cancer and colorectal cancer
mortality.2*#24> Therefore physical activity (or inactivity) should be a major target of obesity
prevention and treatment in particular for patients with cancer. Type 2 diabetes is strongly associated
with obesity in the metabolic syndrome. More than 80% of cases of type 2 diabetes can be
attributed to obesity, which may also account for many diabetes-related deaths. The association
between BMI and cause-specific mortality was also illustrated in the Prospective Studies
Collaboration analysis.?*® In the upper BMI range (ie, 25 to 50), each 5-unit increase in BMI was
associated with a significant increase in mortality from coronary heart disease, stroke, diabetes,
chronic kidney disease, and many cancers. In the same analysis, individuals with BMI less than 22.5
had higher mortality compared with individuals with a BMI of 22.5 to 25. The excess mortality was
predominantly associated with smoking-related diseases (ie, respiratory disease and cancer).
However, there are no clear recommendations about dosing of chemotherapy in patients with
obesity, so caution is recommended for high-risk regimens.?*’ The hypothesis that a reduced dose
according to ideal body weight may lead to a worse outcome cannot be confirmed by prospective
studies but may be considered a potential reason for the observed results in some settings (eg,
breast cancer). In a pooled analysis of toxic effects in patients with and without obesity, rates of toxic
effects were similar or lower in patients with obesity.?4®

Limitations

This study has several limitations. First, we combined data for patients with obesity and compared
their prognosis with patients with different weights (ie, normal weight or normal weight and
overweight). Second, accurate measures of potentially self-reported weight and height are always a
challenge in observational studies. The evaluation often takes place before diagnosis, but in some
studies the timing of the obesity diagnosis was not described. Patients with obesity have a generally
poor prognosis in terms of overall mortality and noncancer mortality, so it seems obvious that their
prognosis would be worse than patients without obesity. However, almost all studies provided a
multivariate analysis according to main prognostic factor for oncological outcome so that obesity
remains generally an independent prognostic factor in patients with cancer. The outcome was almost
never adjusted for private medical insurance, but obesity can increase costs for cancer treatment and
complications. Therefore, patients with a lower socioeconomic status may have had reduced access
to medical facilities (ie, access to anticancer treatments), rehabilitation, or follow-up intensity and
therefore had inferior outcomes. Duration of follow-up, treatments received, and countries were
heterogeneous even if subgroup analyses did not explain results with these different variables.
Furthermore, this meta-analysis compared mortality between patients belonging to a fixed category
of obesity (ie, BMI >30), and thus, we are not able to provide an effect size per unit increment.

Conclusions

In this study, the results supported the notion that obesity is a competing risk factor for overall and
cancer specific mortality as well as recurrence in various cancers treated with curative intent or for
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metastatic disease, except for lung cancer and melanoma, in which obesity was associated with
reduced mortality (obesity paradox). These results suggest that oncologists should increase their
efforts to manage patients in multidisciplinary teams for care and cure of both cancer and obesity.
Improving lifestyle factors (eg, physical activity, caloric intake, care and prevention of cardiovascular
complications), more intensive follow-ups of cancer in patients with obesity, and adequate dose of
medical therapies are all proven measures that may improve prognosis for patients with cancer
and obesity.
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SUPPLEMENT.

eFigure 1. Forest Plot for Overall Survival

eFigure 2. Forest Plot for Cancer-Specific Survival
eFigure 3. Forest Plot for Disease-Free Survival
eFigure 4. Funnel Plot for Overall Survival Analysis
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