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Purpose

Thepeffects of obesity and metabolic dysregulation on cancer survival are inconsistent. To identify
high-risk subgroups of obese patients and to examine the joint association of metabolic syndrome
(MetSyn) in combination with obesity, we categorized patients with early-stage (I to Ill) colorectal
cancer (CRC) into four metabolic categories defined by the presence of MetSyn and/or obesity and
examined associations with survival.

Methods

We studied 2,446 patients diagnosed from 2006 to 2011 at Kaiser Permanente. We assumed MetSyn
if patients had three or more of five components present at diagnosis: fasting glucose > 100 mg/dL or
diabetes; elevated blood pressure (systolic = 130 mm Hg, diastolic = 85 mm Hg, or antihyperten-
sives); HDL cholesterol < 40 mg/dL (men) or < 50 mg/dL (women); triglycerides = 150 mg/dL or
antilipids; and/or highest sex-specific quartile of visceral fat by computed tomography scan (in lieu
of waist circumference). We then classified participants according to the presence (or absence) of
MetSyn and obesity (BMI < 30 or = 30 kg/m?) and assessed associations with overall and
CRC-related survival using Cox proportional hazards models adjusted for demographic, tumor, and
treatment factors and muscle mass at diagnosis.

Results

Over a median follow-up of 6 years, 601 patients died, 325 as a result of CRC. Mean (SD) age was 64
(11) years. Compared with the reference of nonobese patients without MetSyn (n = 1,225), for
overall survival the hazard ratios (HR) and 95% Cls were 1.45 (1.12 to 1.82) for obese patients with
MetSyn (n = 480); 1.09 (0.83 to 1.44) for the nonobese with MetSyn (n =417), and 1.00 (0.80 to 1.26)
for obese patients without MetSyn (n = 324). Obesity with MetSyn also predicted CRC-related
survival: 1.49 (1.09 t0 2.02). The hazard of death increased with the number of MetSyn components
present, independent of obesity.

Conclusion
Patients with early-stage CRC with obesity and MetSyn have worse survival, overall and CRC
related.

J Clin Oncol 34:3664-3671. © 2016 by American Society of Clinical Oncology

and suggest the existence of high-risk subgroups
of obese patients.
Obesity and metabolic dysfunction may act

Colorectal cancer (CRC) is a leading cause of
cancer death in the United States." Overweight/
obesity is an established risk factor for CRC, but
its relationship to survival is inconsistent. Class II
and III obesity are related to poor survival,> but
overweight and mild obesity show protective
and/or null associations.”® These mixed findings
reflect incomplete knowledge of the mechanisms
underlying obesity’s relationship to cancer survival
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synergistically: obesity in combination with in-
sulin resistance is characterized by chronic in-
flammation,” possibly leading to more aggressive
tumors and worse prognosis.'® By contrast, better
insulin sensitivity among metabolically healthy
obese individuals may contribute to lower in-
sulin and insulin growth factor (IGF-1) levels.’
It is unknown whether metabolically healthy
obesity is an intermediate state on the road to
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future dysfunction and worse survival or if it confers a survival
advantage by providing metabolic reserves with which to with-
stand tumor progression, treatment demands, and accompany-
ing alterations in nutrient intake and absorption.'’

The metabolic syndrome (MetSyn) is a cluster of risk factors
that predict cardiovascular disease: abdominal obesity; low HDL
cholesterol (HDL-C); and elevated glucose, blood pressure, and
triglycerides.'> Although emerging evidence suggests MetSyn
reduces cancer survival,'”'® few studies have examined CRC
survivors.'”'® No prior study examines MetSyn in combination
with obesity, important because metabolic dysfunction may help
identify high-risk subgroups of obese patients. Furthermore,
ours is the first study, to our knowledge, of MetSyn and obesity
controlling for skeletal muscle mass at diagnosis. Muscle con-
founds the relationship of obesity to CRC survival: obese pa-
tients have more fat, hypothesized to have adverse effects on
survival, but also greater muscularity, which is linked to im-
proved CRC survival.'”*!

Among 2,446 patients with early-stage CRC at Kaiser Per-
manente Northern California (KPNC), we examined whether four
categories defined by the presence/absence of MetSyn and the
presence/absence of obesity were associated with survival. We
hypothesized that MetSyn and obesity would identify patients
with poor survival, independent of prognostic factors including
stage, treatment, and muscularity.

Study Population

Our study population drew from all KPNC patients diagnosed
from 2006 to 2011 with stage I to III invasive CRC who had a surgical
resection (n = 3,978). We required an abdominal computed tomog-
raphy (CT) scan around diagnosis (n = 3,276) of sufficient image
quality to analyze and information about glucose, blood pressure,
triglycerides, and HDL-C in the electronic medical record (EMR;
n = 2,273). Patients included and excluded because of insufficient
metabolic data were similar with respect to body mass index (BMI),
race/ethnicity, and survival, but differed by sex (49% and 53% women),
age (64 and 59 years), and stage (32% and 24% stage I). The study was
approved by the KPNC Institutional Review Board.

Body Composition and BMI

We selected the height and weight closest to diagnosis measured
by KPNC medical assistants and computed BMI (kg/m?), dichot-
omized as < or = 30 kg/m’. We obtained at-diagnosis muscle and
visceral fat from a CT scan taken before chemotherapy or radiation,
if received. The median time from diagnosis to scan was 6 days
(range, —2 to 4 months; 84% presurgical). A single trained researcher
at the University of Alberta (J.X.) selected the third lumbar vertebra
(L3) and analyzed the cross-sectional area of muscle and adipose in
centimeters squared according to tissue-specific Hounsfield unit
ranges with sliceOmatic Software 5.0 (Tomovision, Montreal, Can-
ada).”” Single-slice cross-sectional areas at L3 are strongly corre-
lated with whole-body volumes of muscle and adipose tissue.”> >
Because no established cut points align visceral adipose tissue (VAT)
area with waist circumference cut points (> 88 cm for women;
> 102 cm for men), we used the top sex-specific quartile of VAT to
signify visceral adiposity (VAT > 164 cm? for women; > 280 cm? for
men).

WWW.jco.org

Metabolic Categories

We included at-diagnosis laboratory, medication, and disease infor-
mation beginning 24 months prediagnosis until < 1 month postdiagnosis
(presurgery) from the EMR. We defined MetSyn using the American Heart
Association/National Heart, Lung, and Blood Institute criteria®® as the
presence of three or more of five components: high glucose (fasting
glucose > 100 mg/dL or diabetes diagnosis), high blood pressure
(systolic = 130 mm Hg or diastolic = 85 mm Hg, hypertension diagnosis, or
antihypertensives), low HDL-C (< 40 mg/dL [men]; < 50 mg/dL [women]),
high triglycerides (= 150 mg/dL or antilipids [eg, statins]), and/or visceral
adiposity (in lieu of waist circumference).

For our main exposure, we categorized patients according to
presence/absence of obesity (BMI = 30 kg/m?) and presence/absence of
MetSyn. Patients with fewer than three MetSyn risk factors were designated
“metabolically healthy” To evaluate the dose-response relationship of met-
abolic dysregulation with survival, we summed the MetSyn components
(ranging from 0 [n = 344, no abnormalities] to 5 [all abnormal]). Scores of
4 (n =291) and 5 (n = 36) were grouped because of small frequencies.
Continuous sums were used in regression models to compute P values.

Other Covariate Data and End Points

We reviewed the EMR and Cancer Registry for information on stage,
tumor characteristics, surgical procedures, and treatment. We obtained
data on deaths from the KPNC death file, comprising the California
Department of Vital Statistics, US Social Security Administration,
and healthcare utilization data. Deaths (including cause) were verified
and searched for using state death certificates. Demographics (eg, age,
race/ethnicity, and sex) and medical history (eg, smoking) were from
the EMR.

Statistical Analysis

We examined associations of our four categories defined by MetSyn
and/or obesity with overall and CRC-related survival. We used Cox re-
gression models to calculate hazard ratios (HRs) and 95% Cls. Potential
confounding variables were considered for inclusion a priori on the basis
of previous literature. On the basis of the results of a stepwise selection
procedure (P < .25 for entry; P < .15 to remain), we adjusted for con-
tinuous age, sex, race/ethnicity (non-Hispanic white, black, Hispanic, or
Asian/Pacific Islander), smoking (current, former, or never), tumor stage
and grade, receipt of chemotherapy and/or radiation, cancer site (colon or
rectum), and sex-specific tertile of muscle tissue. We also examined in-
dividual and mutually adjusted associations of individual MetSyn com-
ponents with overall and CRC-related death. We assessed heterogeneity
with cross-product terms for metabolic categories with stage, age, race/
ethnicity, and cancer site.

For overall survival, we calculated person time from diagnosis date to
death or censor date: December 30, 2015. CRC-related survival was from
diagnosis until death, where CRC was a primary or contributing cause, or
censored at death from other causes. We conducted proportionality tests
with variable by log-time interactions and visual inspection of Kaplan-
Meier plots. Tests of statistical significance were two sided (o = 0.05).

In sensitivity analyses, we accounted for competing risks using the
%PSHREG macro to fit the proportional subdistribution hazards model
(Fine and Gray, 1999; Appendix Table A1, online only).?”~*° We also used
the %CIF macro to apply Gray’s test for the equality of cumulative in-
cidence curves.”®*° We assessed the robustness of our findings by ex-
cluding 401 (16%) of scans taken after surgery and redefining MetSyn
without medications (eg, clinical/laboratory values only). We evaluated
whether differing patterns of fat distribution by race/ethnicity influ-
enced results by defining obesity for Asian/Pacific Islander patients as
BMI = 25 kg/m*>*'** and by defining visceral adiposity by race/ethnicity.
Prior literature indicates patients with BMI = 35 kg/m? have worse survival
after CRC?; we also considered defining exposure categories with BMI
= 35 kg/m” as the obesity cut point.

© 2016 by American Society of Clinical Oncology 3665
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Table 1 shows patient characteristics (n = 2,446), overall and by
metabolic categories. Patients were 49% women and 64% non-
Hispanic white, 7% black, 11% Hispanic, and 17% Asian/Pacific
Islander. Similar proportions had stage I, II, or III cancer at di-
agnosis; 72% had colon cancer (28% rectal cancer). Mean (SD) age
at diagnosis was 64 (11) years. Obese patients had greater muscle
mass than nonobese patients. Nonobese patients were more likely
to be Asian/Pacific Islander. Metabolically healthy (fewer than three
metabolic risk factors) obese patients were younger than other
groups (mean [SD], 60 [11] years). Obese patients had a higher
number of metabolic risk factors regardless of whether they met
criteria for MetSyn: 58% of metabolically healthy obese patients
approached the MetSyn cutoff with abnormal values for two risk
factors versus 36% of metabolically healthy nonobese patients.
Among obese patients with MetSyn, 46% had four or more

abnormal metabolic risk factors, versus 26% of nonobese patients
with MetSyn.

During a median of 6 years (range, 3 days to 10 years), we
observed 601 deaths, 325 from CRC. Figure 1 shows Kaplan-Meier
survivor functions by MetSyn. Patients with MetSyn at diagnosis
had lower overall survival than metabolically healthy patients (log-
rank P = .046). Similarly, cumulative incidence curves for CRC
death suggested greater mortality among patients with MetSyn
than metabolically healthy patients, but did not differ significantly
(P = .18; Appendix Figures Al and A2, online only). Tests of
variable by log-time interactions (P = .09) suggested proportional
hazards held.

Figure 2 shows Kaplan-Meier survivor functions and Table 2
shows multivariable-adjusted associations of our main exposure
(four categories defined by MetSyn and/or obesity) with overall
and CRC-related survival. Compared with metabolically healthy
nonobese patients, obese patients with MetSyn had worse sur-
vival (HR [95% CI], 1.23 [1.03 to 1.56] for overall and 1.24

Table 1. Characteristics of Patients With Colorectal Cancer, Overall and by Metabolic Phenotype, Kaiser Permanente Northern California Health System 2006 to 2011
Obese Nonobese
Overall Metabolically Dysregulated Metabolically Healthy Metabolically Dysregulated Metabolically Healthy
Characteristic (N = 2,446) (n = 480) (n = 324) (n=417) (n =1,225)
Age, mean (SD), years 64 (11) 64 (9) 60 (11) 67 (9) 64 (11)
BMI, mean (SD), kg/m? 28.4 (6) 35.7 (4.9) 34.2 (4.3) 26.3 (2.8) 24.7 (3.1)
No. of risk factors, mean (SD) 2.0 (1.3) 3.5 (0.6) 1.5 (0.7) 3.3 (0.5) 1.1 (0.8)
Muscle area, mean (SD), cm? 141 (38) 160 (40) 157 (40) 135 (33) 131 (34)
Survival time, mean (SD), years 5.8 (2.2) 5.5 (2.3) 5.9 (2.1) 5.8 (2.3) 5.9 (2.1)
Female 1,195 (49) 232 (48) 165 (51) 175 (42) 623 (51)
Race
Non-Hispanic white 1,567 (64) 336 (70) 218 (67) 223 (63) 790 (64)
Black 165 (7) 31 (6) 44 (14) 25 (6) 65 (5)
Hispanic 269 (11) 72 (15) 38 (12) 63 (15) 96 (8)
Asian/Pacific Islander 425 (17) 34 (7) 22 (7) 103 (25) 266 (22)
Other 20 (1) 7 (1) 2(1) 3 (1) 8 (1)
Smoking history
Current 285 (12) 47 (10) 46 (14) 41 (10) 151 (12)
Former 1,037 (42) 221 (46) 137 (42) 191 (46) 488 (40)
Never 1,124 (46) 212 (44) 141 (44) 185 (44) 586 (48)
Stage
1 776 (32) 159 (33) 111 (34) 126 (30) 380 (31)
2 757 (31) 125 (26) 79 (24) 157 (38) 396 (32)
3 913 (37) 196 (41) 134 (41) 134 (32) 449 (37)
Grade
1 169 (7) 32 (7) 24.(7) 39 (9) 74 (6)
2 1,842 (75) 373 (78) 231 (71) 315 (76) 923 (75)
3 311 (13) 57 (12) 41 (13) 40 (10) 173 (14)
Unknown 124 (5) 18 (4) 28 (9) 23 (6) 55 (4)
Treatment
Chemotherapy 1,054 (43) 198 (41) 156 (48) 159 (38) 541 (44)
Radiation 364 (15) 49 (10) 55 (17) 64 (15) 196 (16)
Colon cancer 1,752 (72) 369 (77) 237 (73) 283 (68) 863 (70)
Metabolic risk factors
Visceral adiposity 620 (25) 377 (79) 84 (26) 114 (27) 45 (4)
High glucose/diabetes 1,317 (54) 405 (84) 126 (39) 367 (88) 419 (34)
High triglycerides 1,507 (62) 432 (90) 135 (42) 399 (96) 541 (44)
Low HDL cholesterol 932 (38) 322 (67) 82 (25) 306 (73) 222 (18)
High blood pressure 526 (22) 154 (32) 45 (14) 178 (43) 149 (12)
NOTE. Data presented as No. (%) unless otherwise noted. Percentages may not add to 100% because of rounding. No. of risk factors refers to the number of abnormal
values for metabolic syndrome components present at diagnosis among a possible five, consisting of elevated glucose, elevated blood pressure, low HDL, elevated
triglycerides, and/or visceral adiposity. Visceral adiposity is the top sex-specific quartile of visceral adipose tissue as derived from computed tomography scan.
Metabolically healthy subjects do not meet metabolic syndrome criteria (ie, fewer than three factors meeting risk cutoffs).
Abbreviations: BMI, body mass index; SD, standard deviation.
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[0.94 to 1.64] for CRC-related death). However, after adjustment
for the sex-specific tertile of muscle mass, associations were
stronger (1.45 [1.12 to 1.82] for overall and 1.49 [1.09 to 2.02]
for CRC-related death). Although we observed a trend toward
worse survival among nonobese patients with MetSyn and
metabolically healthy obese patients, neither reached statistical
significance.

Table 3 examines MetSyn components with survival: elevated
triglycerides and low HDL-C were associated with worse overall
survival (HR [95% CIJ, 1.23 [1.03 to 1.46] and 1.23 [1.04 to 1.45],
respectively), whereas visceral adiposity was associated with worse
overall (1.28 [1.03 to 1.59]) and CRC-related survival (1.36 [1.01
to 1.85]). When all metabolic risk factors were mutually adjusted,
only low HDL-C and visceral adiposity remained associated with
overall survival. Neither blood pressure nor glucose was asso-
ciated with survival.

Because 75% of metabolically healthy nonobese patients had
at least one metabolic risk factor, we evaluated the dose-response
relationship of severity of metabolic risk with survival. Overall and
CRC-related survival decreased with the presence of additional
metabolic risk factors independent of BMI category at diagnosis
(Fig 3). There was no difference in survival comparing patients
with zero or one risk factor; those with two risk factors had
borderline decreased survival, and patients with three or more risk
factors had significantly decreased overall survival. Dose-response
trends for overall and CRC-related survival were significant (HR
[95% CI], 1.11 [1.03 to 1.19]; P=01;and 1.14 [1.01 to 1.23]; P = .03,
respectively, for each additional metabolic risk factor at diagnosis).
There was no evidence of heterogeneity among subgroups defined by
sex, age, cancer site, or stage.

Sensitivity analyses did not substantially alter conclusions:
accounting for competing risks (Appendix Table Al), excluding

Overall Survival (probability)

=y
L

(=
©
Il

o
(o8}
Il

== |Vletabolically healthy, nonobese
= = Metabolic syndrome, obese
Metabolic syndrome, nonobese

Metabolically healthy, obese

Fig 2. Kaplan-Meier unadjusted survivor

0.7 4 - "'ﬁ_‘_‘ functions: overa\.l survival by metgbolic syn-
--- drome and obesity after a diagnosis of early-
== stage colorectal cancer (n = 2,446). Log-rank
0.6 P value = .07. Metabolically healthy, fewer
1 than three metabolic risk factors at diagnosis.
MetSyn, metabolic syndrome at diagnosis (three
0.5 T T T T T T T T T or more metabolic risk factors).
0 2 3 4 5 6 7 8 9 10
Follow-Up (years)
No. at risk
Healthy, nonobese 1,225 1,145 1,045 628 204 0
MetSyn, obese 480 436 385 215 68 0
MetSyn, nonobese 417 384 346 215 67 0
Healthy, obese 324 305 279 167 52 0
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Table 2. Associations of Metabolic Dysregulation and Obesity With Overall and Colorectal Cancer-Specific Survival

Obese Nonobese
Metabolically Dysregulated Metabolically Healthy Metabolically Dysregulated Metabolically Healthy
Survival (n = 480) (n = 324) (n=417) (n =1,225)
Events, No. 136 70 102 293
Overall survival
Multivariable adjusted 1.23 (1.03 to 1.56) 0.97 (0.75 to 1.27) 1.00 (0.80 to 1.25) Reference
Muscle adjusted 1.45 (1.12 to 1.82) 1.09 (0.83 to 1.44) 1.00 (0.80 to 1.26) Reference

Colorectal cancer survival
Events, No. 74 42 55 154
Multivariable adjusted 1.24 (0.94 to 1.64) 1.03 (0.73 to 1.86) 1.10 (0.81 to 1.51) Reference
Muscle adjusted 1.49 (1.09 to 2.02) 1.20 (0.83 to 1.73) 1.12 (0.82 to 1.52) Reference

NOTE. Data presented as hazard ratio (95% Cl) unless otherwise noted. Cox regression models adjust for race/ethnicity (black, Hispanic, Asian/Pacific Islander or non-
Hispanic white [referencel), sex (female v male [referencel), diagnosis age in years, smoking history (current, former, or never [referencel]), tumor stage (lI, Ill, or |
[referencel) and grade (II, Ill, IV, unknown, or | [referencel), receipt of chemotherapy and/or radiation, cancer site (colon or rectal), sex-specific tertile of muscle tissue at
diagnosis. Metabolically dysregulated indicates the presence of three or more of the risk factor components of the metabolic syndrome (high glucose, high blood
pressure, low HDL, high triglycerides, and/or visceral adiposity [the top sex-specific quartile of visceral adipose tissue as derived from computed tomography scan]).
Metabolically healthy is the presence of fewer than three of the risk factor components. The reference group is nonobese (body mass index < 30 kg/m?) patients with

colorectal cancer who are metabolically healthy (ie, fewer than three risk factors).

scans after surgery or defining visceral adiposity within racial/
ethnic groups or using BMI = 25 kg/m” for Asian/Pacific Islanders
resulted in similar overall and subgroup results. Defining MetSyn
without medication data slightly strengthened the HR (95% CI)
comparing obese patients with MetSyn to nonobese, metabolically
healthy patients from 1.45 (1.12 to 1.82) to 1.51 (1.18 to 1.93).
Defining metabolic categories according to BMI = 35 kg/m®
rather than = 30 kg/m? strengthened that HR to 2.03 (1.53
to 2.68).

In this study of 2,446 patients with early-stage CRC, the combi-
nation of obesity and MetSyn was associated with the worst
survival, overall and CRC-related. Nonobese patients without
MetSyn had the best survival. The hazard of death increased
in a dose-response fashion with additional metabolic risk fac-
tors, independent of BMI, suggesting each degree of metabolic
dysregulation incrementally worsens outcomes.

To our knowledge, this is the first study examining whether
patients defined by their obesity and MetSyn status have decreased

survival after CRC diagnosis controlling for cancer stage and
treatment and, importantly, skeletal muscle. We previously ex-
amined at-diagnosis BMI and postdiagnosis weight change in
this cohort and found the hazard of death does not increase
until BMI = 35 kg/m?®, and postdiagnostic weight loss is ad-
versely associated with survival regardless of at-diagnosis BMI.>**
However, BMI cannot distinguish between fat and lean mass,
which exert differing influences on metabolic dysregulation®
and cancer survival.’®*” In the current study, adjustment for
muscularity strengthened associations. This is likely because
sarcopenia and muscle loss, independent of adiposity, are as-
sociated with worse CRC prognosis.'”' Comparing metabolic
categories with the same muscularity highlights the detrimental
effects of excess adiposity and metabolic dysregulation pre-
viously masked by the benefits of additional muscle present
in obese patients.

Few studies are directly comparable, but our findings are
consistent with a 2013 meta-analysis reporting an association of
MetSyn with decreased CRC-related survival in men (HR [95%
CI], 1.36 [1.25 to 1.48]) and women (1.16 [1.03 to 1.30])."7
Multiple processes could explain reduced survival among obese
patients with MetSyn. Inflammation may represent a unifying

Table 3. Associations of Metabolic Syndrome and Components With Overall and Colorectal Cancer-Specific Survival

Event High Triglycerides

High Blood Pressure

Low HDL Cholesterol High Glucose or Diabetes Visceral Adiposity

Overall death, 601 events

Multivariable adjusted
Muscle adjusted
Mutually adjusted
Colorectal cancer death, 325 events
Multivariable adjusted
Muscle adjusted
Mutually adjusted

1.23 (1.03 to 1.46)
1.23 (1.03 to 1.47)
1.18 (0.98 to 1.41)

1.17 (0.92 to 1.49)
1.18 (0.93 to 1.50)
1.14 (0.88 to 1.46)

0.84 (0.68 to 1.03)
0.85 (0.69 to 1.04)
0.84 (0.68 to 1.03)

0.96 (0.73 to 1.26)
0.97 (0.74 t0 1.27)
0.96 (0.73 to 1.26)

1.24 (1.05 to 1.46)
1.23 (1.04 to 1.45)
1.18 (1.00 to 1.40)

1.20 (0.95 to 1.50)
1.18 (0.94 to 1.49)
1.15 (0.91 to 1.45)

1.07 (0.90 to 1.26)
1.07 (0.90 to 1.27)
1.01 (0.85 to 1.20)

1.03 (0.81 to 1.29)
1.03 (0.82 to 1.30)
0.98 (0.77 to 1.24)

1.25 (1.00 to 1.56)
1.28 (1.03 to 1.59)
1.25 (1.00 to 1.56)

1.32 (0.97 to 1.78)
1.36 (1.01 to 1.85)
1.34 (0.99 to 1.82)

NOTE. Data presented as hazard ratio (95% Cl). All hazard ratios in the multivariable-adjusted row are derived from separate Cox regression models for each metabolic
syndrome component and adjusted for race/ethnicity, sex, diagnosis age, smoking history, tumor stage and grade, receipt of chemotherapy and/or radiation, cancer site,
sex-specific tertile of muscle tissue, and body mass index category at diagnosis. By contrast, in the mutually adjusted row, each metabolic risk factor is adjusted for all
others in the row as well as for the covariates listed above. Visceral adiposity is the top sex-specific quartile of visceral adipose tissue as derived from computed
tomography scan.
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Fig 3. Degree of metabolic dysregulation at diagnosis and overall and colorectal
cancer (CRC) —specific survival (n = 2,446). Each additional metabolic syndrome
component present at diagnosis increased hazard of death by 11% (hazard ratio
[HRI], 1.11; 95% ClI, 1.03 to 1.19; P = .01) for overall survival and 14% (HR, 1.14;
95% ClI, 1.01 to 1.23; P = .03) for CRC-related survival. Cox regression models
adjusted for age at diagnosis, sex, race/ethnicity, smoking history, tumor site,
stage and grade, chemotherapy and/or radiation, sex-specific tertile of muscle
tissue, and body mass index category at diagnosis. Number of risk factors in-
dicates the number of abnormal metabolic syndrome components present at
diagnosis (ie, high glucose, high blood pressure, low HDL, high triglyceride level,
and/or visceral adiposity). The reference group had 0 metabolic risk factors
(n = 344; total deaths = 63; CRC deaths = 40). Risk factor = 1 (n = 562; total deaths
=131; CRC deaths = 68); risk factor = 2 (n = 643; total deaths = 169; CRC deaths =
88); risk factor = 3 (n = 570; total deaths = 147; CRC deaths = 80); risk factor = 4
or 5 (n = 327; total deaths = 91; CRC deaths = 49).

mechanism: greater visceral adiposity may increase cytokines from
adipocytes and infiltrating immune cells, creating an environment
of low-grade inflammation favorable for proliferating tumor cells.
Inflammation might also contribute to dysregulated growth signals
(eg, IGF-1 and insulin). Insulin resistance, a signature charac-
teristic of MetSyn, has been associated with worse outcomes in
CRC? and other cancers.”® Furthermore, increasing insulin can
increase IGF bioavailability (decreased levels of IGF-binding
proteins and increased IGF-1 synthesis). Both insulin and IGF-1
can activate the phosphatidylinositol 3'-kinase and mitogen-
activated protein kinase pathways.*” IGF-1 signaling has also
been associated with progression in other cancers, including breast,
pancreatic, and esophageal.*'

Despite multiple pathways through which MetSyn might
influence prognosis, not all prior studies found that MetSyn de-
creases CRC survival. Furthermore, individual MetSyn compo-
nents exhibit adverse and protective relationships, depending on
how they are defined and measured. For example, a study of
approximately 36,000 patients in the SEER-Medicare linked da-
tabase found no association of MetSyn with survival.** The authors
attributed results to the paradoxical associations with individual
components; elevated glucose and hypertension decreased sur-
vival, whereas dyslipidemia improved survival, particularly among
patients with early-stage disease. By contrast, we observed worse
survival with low HDL-C, high triglycerides, and visceral adiposity
and null results for blood pressure and glucose/diabetes. Low
HDL-C is inconsistently associated with CRC risk, and patients
with CRC with distant metastases have higher ratios of LDL
cholesterol/HDL-C than those without, but in previous studies low
HDL-C was not an independent prognostic factor.***

WWW.jco.org

A potential explanation for the null associations with the
glucose/diabetes and blood pressure components could be mea-
surement error: 50% of patients with abnormal blood pressure in
our study were prescribed antihypertensives, whereas others met
MetSyn criteria on the basis of single blood pressure measurements
close to diagnosis. Furthermore, medications themselves may
influence progression or survival: the capacity of metformin to
inhibit tumor growth and proliferation®’ is currently being
tested.**™*® Similarly, statins are being explored to improve CRC
survival*® because they may inhibit inflammation and angiogenesis
and selectively promote tumor cell apoptosis.”’>>' However, we
repeated analyses without medication data, and results were nearly
identical. Thus, medications alone are not driving results.

There was no significant decrease in survival among meta-
bolically healthy obese patients or nonobese patients with MetSyn.
Although not as severe as MetSyn and obesity combined, these
patients exhibited greater metabolic dysregulation than the healthy
reference group: among nonobese patients, those with MetSyn had
higher BMI (26.3 v 24.7 kg/m*) and were more likely to be Asian/
Pacific Islanders (and thus experience poor outcomes at lower
BMI). Metabolically healthy obesity may be a transient state®>
along a trajectory toward further dysregulation and decreased
survival. Consistent with this, although metabolically healthy obese
patients were younger, more than half already had two abnormal
values for metabolic factors, approaching the MetSyn cut point. As
metabolically healthy obese patients age, they may develop addi-
tional risk factors that influence long-term CRC prognosis.

With respect to near-term survival, obesity alone does not
identify high-risk patients.” Rather, the subset of obese patients
with MetSyn is at highest risk. Within this group, those with a
BMI = 35 kg/m? and MetSyn had nearly twice the hazard of death
as patients with BMI < 35 kg/m” without MetSyn. Thus, even
among the obese, metabolic dysregulation further distinguishes
high-risk patients. MetSyn in conjunction with obesity may be
the best indicator of severity of metabolic dysfunction, including
systemic inflammation; from this perspective, it is not surprising
to find stronger associations among patients who exhibit a cluster
of symptoms rather than with individual MetSyn components.

Including all qualifying patients with CRC and using abdomi-
nal CT scans to define visceral adiposity and control for muscularity
were unique strengths of this study. That MetSyn information was
collected opportunistically through the EMR was a limitation; be-
cause patients excluded for lack of metabolic data are likely health-
ier, the harms of MetSyn may be underestimated. Furthermore, we
could not evaluate the effect of optimizing treatment of MetSyn
on survival. The EMR lacked information on diet and activity;
stratifying by obesity and adjusting for muscularity likely miti-
gates the influence of energy balance behaviors, but in observa-
tional research we cannot exclude residual confounding. We also
had limited power for analyses by race/ethnicity. KPNC is repre-
sentative of Northern California’s population except at extreme tails
of the income distribution; however, if culture or environment (eg,
dietary patterns or access to health care) modify the relationship of
obesity or MetSyn to cancer survival, that would limit general-
izability (eg, to insured populations or similar regions). Finally,
although the difference between unadjusted cumulative incidence
curves was nonsignificant (Appendix Figure A2), in multivariable-
adjusted analyses accounting for competing risks, the combination of
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obesity and MetSyn was significantly associated with worse survival
(HR [95% CI], 1.44 [1.13 to 1.75]; Appendix Table Al).
In conclusion, the combination of MetSyn and obesity may

decrease survival among patients with CRC, whereas obesity or
MetSyn alone do not. However, even metabolically healthy patients
have some degree of metabolic dysregulation, and the hazard of death
increases with additional metabolic risk factors present at diagnosis.
Whether optimizing clinical management of MetSyn will improve
survival in early-stage CRC remains an area for future research.
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Fig A2. Cumulative incidence of colorectal cancer death by metabolic syndrome

and obesity.
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Table A1. Accounting for Competing Risks Using Fine and Gray Proportional Subdistribution Hazards Regression: Associations of Metabolic Dysregulation and Obesity
With Colorectal Cancer—Specific Mortality

Obese Nonobese
Metabolically Dysregulated Metabolically Healthy Metabolically Dysregulated Metabolically Healthy
Event (n = 480) (n = 324) (n=417) (n =1,225)
Events, No. 74 42 55 154
Colorectal cancer death,
adjusting for competing risks
Multivariable adjusted 1.22 (0.94 to 1.50) 1.04 (0.69 to 1.39) 1.10 (0.78 to 1.42) Reference
Muscle adjusted 1.44 (1.13 to 1.75) 1.21 (0.83 to 1.58) 1.11 (0.79 to 1.43) Reference

NOTE. Data presented as hazard ratio (95% Cl). Models use the %PSHREG macro?® to estimate the proportional subdistribution hazards model proposed by Fine and
Gray,?” which accounts for competing risks. Models adjust for race/ethnicity (black, Hispanic, Asian/Pacific Islander, or non-Hispanic white [referencel), sex (female v
male [reference]), diagnosis age in years, smoking history (current, former, or never [referencel), tumor stage (ll, lll, or | [reference]) and grade (Il, lll, IV, unknown, or |
[referencel), receipt of chemotherapy and/or radiation, cancer site (colon or rectal), sex-specific tertile of muscle tissue at diagnosis. Metabolically dysregulated indicates
the presence of three or more of the risk factor components of the metabolic syndrome (high glucose, high blood pressure, low HDL, high triglycerides, and/or visceral
adiposity [the top sex-specific quartile of visceral adipose tissue as derived from computed tomography scanl). Metabolically healthy is the presence of fewer than three
of the risk factor components. The reference group is nonobese (body mass index < 30 kg/m?) patients with colorectal cancer who are metabolically healthy.
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