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Abstract

Background: Energy balance-related biomarkers are associated with risk and prognosis of various malignancies. Their rela-
tionship to survival in metastatic colorectal cancer (mCRC) requires further study. Methods: Baseline plasma insulin-like
growth factor (IGF)-1, IGF-binding protein (IGFBP)-3, IGFBP-7, C-peptide, and adiponectin were measured at time of trial regis-
tration in a prospective cohort of patients with mCRC participating in a National Cancer Institute–sponsored trial of first-line
systemic therapy. We used Cox proportional hazards regression to adjust for confounders and examine associations of each
biomarker with overall survival (OS) and progression-free survival (PFS). P values are 2-sided. Results: Median follow-up for
1086 patients was 6.2 years. Compared with patients in the lowest IGFBP-3 quintile, patients in the highest IGFBP-3 quintile
experienced an adjusted hazard ratio (HR) for OS of 0.57 (95% confidence interval [CI] ¼ 0.42 to 0.78; Pnonlinearity < .001) and for
PFS of 0.61 (95% CI ¼ 0.45 to 0.82; Ptrend ¼ .003). Compared with patients in the lowest IGFBP-7 quintile, patients in the highest
IGFBP-7 quintile experienced an adjusted hazard ratio for OS of 1.60 (95% CI ¼ 1.30 to 1.97; Ptrend < .001) and for PFS of 1.38
(95% CI ¼ 1.13 to 1.69; Ptrend < .001). Plasma C-peptide and IGF-1 were not associated with patient outcomes. Adiponectin was
not associated with OS; there was a nonlinear U-shaped association between adiponectin and PFS (Pnonlinearity ¼ .03).
Conclusions: Among patients with mCRC, high plasma IGFBP-3 and low IGFBP-7 were associated with longer OS and PFS.
Extreme levels of adiponectin were associated with shorter PFS. These findings suggest potential avenues for prognostic and
therapeutic innovation.

A growing body of literature demonstrates an association be-
tween excess energy balance—denoted by sedentary lifestyle,
diabetes, and poor diet—with inferior outcomes in colorectal
cancer (CRC), the second leading cause of cancer-related death
in the United States (1-4). Although the mechanisms underlying

this association are uncertain, clinical and preclinical studies
suggest insulin and insulin-like growth factor (IGF) signaling
may play a role (2,5). Insulin and IGF-1, which are increased by
carbohydrate intake and decreased by fasting, can promote neo-
plastic growth (5-7). Insulin- and IGF-related biomarkers are
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associated with risk of various malignancies and cancer patient
outcomes and may offer prognostic and mechanistic insights
for CRC management (8-14). However, because of inconsistent
study results, the clinical significance of these biomarkers in
CRC remains unclear.

Therefore, we conducted a prospective cohort study nested
within a large National Cancer Institute (NCI)–sponsored clinical
trial of systemic therapy examining associations of baseline
plasma IGFs, insulin-like growth factor-binding protein
(IGFBPs), adiponectin, and C-peptide with outcomes among
patients with advanced or metastatic colorectal cancer (mCRC).
To avoid an excessive number of hypotheses, we limited our
analysis to select members of the IGF and IGFBP families, in-
cluding IGF-1, the IGF most clearly associated with CRC tumor
severity; IGFBP-3, the dominant circulating IGFBP; and IGFBP-7,
an IGFBP differentiated from IGFBPs 1 to 6 by its lower affinity
for IGF and high affinity for insulin (5,8,10,15). We examined C-
peptide, a surrogate for circulating insulin, and adiponectin, an
insulin-sensitizing hormone inversely related to obesity, given
their relationship to insulin, energy balance, and previous data
suggesting prognostic relevance in CRC (11,14). Patients were
monitored prospectively for cancer progression and mortality.
Data on molecular markers, performance status, treatment, and
follow-up were carefully captured in the trial, allowing simulta-
neous effect of disease characteristics and systemic therapies to
be assessed.

Methods

Study Population

Subjects were participants of an NCI-sponsored phase III trial
for metastatic colorectal adenocarcinoma of irinotecan, 5-fluo-
rouracil, and leucovorin or oxaliplatin, 5-fluorouracil, and leuco-
vorin combined with either cetuximab, bevacizumab, or

cetuximab plus bevacizumab (Cancer and Leukemia Group B
[CALGB, now part of the Alliance for Clinical Trials in Oncology]/
SWOG 80405; ClinicalTrials.gov identifier NCT00265850).
Participants did not receive any systemic therapy for mCRC
prior to trial enrollment (16).

The clinical trial design of CALGB/SWOG 80405 underwent
major changes during enrollment because of evolving science
in the field of mCRC (Supplementary Methods, available online).
Optional research blood collection was open throughout the en-
tire course of the trial. Thus, the cohort in this analysis is de-
rived from patients participating at any point in the trial
history; in analyses, we adjust for chemotherapy regimen as
well as KRAS status to account for protocol changes. The trial’s
primary results demonstrated no statistically significant differ-
ence in overall survival (OS) between patients randomized to
cetuximab vs bevacizumab, as published previously (16). Patient
plasma for biomarker analysis was collected prior to trial che-
motherapy initiation. The number of blood samples analyzed
was based on a priori power calculations estimating that a sam-
ple of 1000 patients would provide a power of 0.96 for testing a
null hypothesis of independence of 2-year OS over IGF quintiles
at a statistical significance level of .05. Figure 1 demonstrates
derivation of the cohort.

Eligibility for the trial and this companion study required a
baseline Eastern Cooperative Oncology Group performance sta-
tus of 0 to 1 and adequate bone marrow, renal, and hepatic
function (17). All patients signed informed consent approved by
each site’s institutional review board. The study was performed
in accord with an assurance filed with and approved by the US
Department of Health and Human Services.

Measurement of Plasma Biomarkers

Ethylenediaminetetraacetic acid plasma samples were collected
upon trial registration at the local study site, centrifuged on site
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Figure 1. Derivation of the study cohort. aThe number of blood samples analyzed was based on a priori power calculations estimating that a sample of approximately

1000 patients would provide a power of 0.96 for testing the null hypothesis of independence of 2-year overall survival over quintiles of insulin-like growth factor-1 at a

statistical significance level of .05. CALGB ¼ Cancer and Leukemia Group B, now Alliance for Clinical Trials in Oncology.
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for 10-15 minutes, aliquoted and frozen within 3 hours of collec-
tion, stored at -80�C (-20�C was acceptable for up to 72 hours),
and shipped frozen to the SWOG Solid Tumor Specimen
Repository. Biomarker stability during transport has been dem-
onstrated previously (18,19). IGFBP-3, IGFBP-7, adiponectin, C-
peptide, and total IGF-1 concentrations were assayed in the lab-
oratory of Dr Michael Pollak, using enzyme-linked immunosor-
bent assays with reagents from Ansh Labs (Webster, TX).
Personnel performing the assays were blinded to patient out-
come. Each sample was assayed in duplicate for each analyte,
with correlations between replicates greater than 0.98. The
mean intrabatch coefficients of variation calculated from the
quality-control samples for each assay ranged from 0.2% to
3.1%. For molecular analyses, see the Supplementary Methods
(available online).

Study Endpoints

The primary endpoint of the parent study CALGB(Alliance)/
SWOG 80405 and this companion study was OS, defined as time
from trial registration to death from any cause. Patients without
reported deaths were censored at their last known follow-up.
We also assessed progression-free survival (PFS), defined as
time from trial registration to death from any cause or progres-
sion of disease, per Response Evaluation Criteria in Solid
Tumors 1.0 (20). Patients alive without documented tumor pro-
gression were censored for PFS at the most recent disease
assessment.

Statistical Analysis

Hazard ratios (HR) were calculated using Cox proportional haz-
ards regression to compare OS and PFS across quintiles of
plasma concentration for each biomarker, adjusting for poten-
tial confounders (21). Given potential interactions between IGF-
1 and its primary binding protein, IGFBP-3, we also examined
associations of patient outcome with the molar ratio of IGF-1 to
IGFBP-3. The proportional hazards assumption was verified us-
ing time-dependent covariates. Covariates included in adjusted
models were chosen a priori. Baseline covariates in adjusted
models included sex, age, Eastern Cooperative Oncology Group
performance status, planned chemotherapy, prior adjuvant
chemotherapy, prior radiation therapy, assigned targeted treat-
ment, KRAS status, tumor sidedness, circulating albumin, diabe-
tes, and body mass index. Given the impact of fasting on C-
peptide, C-peptide analyses were further adjusted for fasting
state defined as 8 or more hours from last meal (22). Given the
possibility of confounding by correlation between IGF-1 and
IGFBP-3, we adjusted models examining IGF-1 for IGFBP-3, and
adjusted models examining IGFBP-3 for IGF-1. In sensitivity
analyses, we further adjusted models examining IGFBP-3 for
IGFBP-7 and models examining IGFBP-7 for IGFBP-3 and IGF-1.
Sensitivity analyses also included further adjustment for weight
change over the 6 months prior to study entry, baseline physical
activity (in metabolic equivalent task hours per week), and com-
pletion of the voluntary questionnaire used to assess weight
change and physical activity. Weight change and physical activ-
ity were assessed as previously described (23,24). To reduce the
impact of outliers, values for plasma biomarkers and albumin
greater than 5 standard deviations from the average were
replaced with the maximum or minimum value within 5 stan-
dard deviations. For covariates, missing variables were coded
with the median if a continuous variable or major category if a

categorical variable, or a missing indicator if proportion missing
was greater than 5%.

To examine associations of biomarkers with patient out-
come, we tested for trends in outcome across concentrations of
each biomarker after adjusting for covariates, modeling each
biomarker as a continuous variable, consistent with prior stud-
ies (14,25). Given the possibility of nonlinear relationships
(26,27), we assessed for nonlinear associations between each
biomarker and patient outcome nonparametrically with re-
stricted cubic splines (28), excluding the highest and lowest 1%
of observations to mitigate effects of outliers. Tests for nonli-
nearity used the likelihood ratio test, comparing a model with
the linear term alone to one with the linear term plus cubic
spline terms. If the test for nonlinearity was statistically signifi-
cant, a nonlinear test for trend was implemented; otherwise,
linear tests for trend were used. Linear and cubic spline terms
from strongly correlated markers (IGF-1 and IGFBP-3) were also
included as covariates. Subgroup analyses were conducted to
explore associations of survival with selected biomarkers across
strata of known and potential predictors of patient outcome.
Data collection was conducted by the Alliance Statistics and
Data Center. Data analyses were performed using SAS Version
9.4 (SAS Institute Inc, Cary, NC; RRID: SCR_008567) on a dataset
locked January 18, 2018. Data quality was ensured by review by
the Alliance Statistics and Data Center and by the study chair-
person following Alliance policies. P values are 2-sided, statisti-
cally significant if less than .05, and not adjusted for multiple
comparisons.

Results

Baseline Characteristics

Baseline patient characteristics across quintiles of plasma adi-
ponectin, IGFBP-3, and IGFBP-7 are displayed in Table 1.
Differences in baseline characteristics were consistent with
known properties of these biomarkers (eg, patients with lower
adiponectin tended to be overweight). There were no differen-
ces in baseline characteristics between patients with plasma
biomarker measurements and other patients enrolled in the
trial, except a greater frequency of KRAS testing in individuals
who underwent successful plasma biomarker testing (Table 2).

Correlations Between Plasma Biomarkers

Using Spearman coefficients, we examined correlations be-
tween plasma levels of the 5 energy-related biomarkers
(Table 3). We observed a strong positive correlation (coefficient
¼ 0.75; P < .001) between IGF-1 and IGFBP-3 (36). All other corre-
lations were weak or nonexistent (correlation coefficient < 0.3)
(29).

Associations of Biomarkers With Mortality and Disease
Progression

The median follow-up from time of trial registration is 6.2 years.
During follow-up, 946 of the 1086 patients in this analysis expe-
rienced cancer progression; 848 of these patients died. An addi-
tional 84 patients died without documented cancer progression.

Results from Cox proportional hazards regressions examin-
ing associations of plasma biomarkers with patient outcome
are displayed in Table 4. Greater plasma IGFBP-3 was associated
with reduced risk of mortality and disease progression, even
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after adjustment for covariates such as plasma IGF-1. The asso-
ciation between IGFBP-3 and OS was nonlinear (Figure 2).
Compared with individuals with IGFBP-3 concentrations in the
lowest quintile, patients with IGFBP-3 in the highest quintile ex-
perienced an adjusted hazard ratio for OS of 0.57 (95% confi-
dence interval [CI] ¼ 0.42 to 0.78; Pnonlinearity < .001) and an
adjusted hazard ratio for PFS of 0.61 (95% CI ¼ 0.45 to 0.82, linear

Ptrend ¼ .003). In sensitivity analyses, the associations of greater
IGFBP-3 with longer OS and PFS remained statistically signifi-
cant after further adjusting for plasma IGFBP-7, physical activ-
ity, and weight change (HR for OS ¼ 0.59, 95% CI ¼ 0.43 to 0.80;
Pnonlinearity < .001; HR for PFS ¼ 0.62, 95% CI ¼ 0.46 to 0.84; Ptrend

¼ .007). Despite a known inverse association between IGFBP-3
methylation and microsatellite instability in CpG island

Table 2. Baseline characteristics of patients with blood samples collected and analyzed for this companion study compared with all other
patients registered in the treatment trial CALGB(Alliance)/SWOG 80405a

Baseline characteristics
Blood sample analyzed

(n¼ 1086)
No blood sample analyzed

(n¼1240)
Entire trial cohort

(N¼ 2326)

No. deaths 932 1041 1973
Female, No. (%) 447 (41.2) 524 (42.3) 971 (41.7)
Age, median y (Q1-Q3), y 60 (51-68) 59 (51-67) 59 (51-68)
Race, No. (%)

White 931 (85.7) 965 (77.8) 1896 (81.5)
Black 113 (10.4) 165 (13.3) 278 (12.0)
Other 42 (3.9) 110 (8.9) 152 (6.5)

Performance status, No. (%)
ECOG 0 657 (60.5) 704 (56.8) 1361 (58.5)
ECOG 1 or 2 429 (39.5) 536 (43.2) 965 (41.5)

Planned chemotherapy, No. (%)
FOLFIRI 250 (23.0) 280 (22.6) 530 (22.8)
mFOLFOX6 836 (77.0) 960 (77.4) 1796 (77.2)

Prior adjuvant chemotherapy,
No. (%)

151 (13.9) 183 (14.8) 334 (14.4)

Prior radiation therapy, No. (%) 102 (9.4) 103 (8.3) 205 (8.8)
Assigned treatment arm, No. (%)

Bevacizumab 434 (40.0) 463 (37.3) 897 (38.6)
Cetuximab 443 (40.8) 454 (36.6) 897 (38.6)
Bevacizumab þ cetuximab 209 (19.2) 323 (26.0) 532 (22.9)

KRAS, No. (%)
Wild-type 720 (66.3) 550 (44.4) 1270 (54.6)
Mutant 319 (29.4) 139 (11.2) 458 (19.7)
Indeterminate 47 (4.3) 551 (44.4) 598 (25.7)

Tumor sidedness, No. (%)
Right or transverse colon 380 (35.0) 405 (32.7) 785 (33.7)
Left colon or rectum 643 (59.2) 693 (55.9) 1336 (57.4)
Unknown 63 (5.8) 142 (11.5) 205 (8.8)

BMI, median (Q1-Q3), kg/m2 27 (24-32) 27 (24-31) 27 (24-31)
Metastases involving multiple

regions, No. (%)
584 (54.0) 677 (55.8) 1261 (55.0)

WBC >10x109/L, No. (%) 198 (18.3) 252 (20.6) 450 (19.5)
Hgb <11g/L, No. (%) 879 (81.1) 986 (80.6) 1865 (80.8)

aBMI ¼ body mass index; CALGB(Alliance) ¼ Cancer and Leukemia Group B, now Alliance for Clinical Trials in Oncology; ECOG ¼ Eastern Cooperative Oncology Group;

FOLFIRI ¼ leucovorin, 5-fluorouracil, and irinotecan; Hgb ¼ hemoglobin; mFOLFOX6¼ leucovorin, 5-fluorouracil, and oxaliplatin; Q ¼ quintile; WBC ¼ white blood cell

count.

Table 3. Correlations between energy-related plasma biomarkers (n¼ 1086)

Plasma biomarker

Spearman correlation coefficients between biomarkers

C-peptide IGF-1 IGFBP-3 IGFBP-7

Adiponectin �0.29a �0.17a �0.13a 0.05c

C-peptide — 0.14a 0.09b 0.13a

IGF-1 — — 0.75a �0.18a

IGFBP-3 — — — �0.17a

aP < .001 for Spearman correlation. All P values pertaining to this table are 2-sided. IGF-1 ¼ insulin-like growth factor-I; IGFBP-3¼ insulin-like growth factor-binding

protein-3; IGFBP-7¼ insulin-like growth factor-binding protein-7.
bP ¼ .004 for Spearman correlation.
cP ¼ .10 for Spearman correlation.
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Table 4. Associations between plasma biomarkers (adiponectin, C-peptide, IGF-1, IGFBP-3, and IGFBP-7) and patient outcome in advanced or
metastatic colorectal cancer (n¼1086)a

Variable

Quintiles

PtrendQ1 Q2 Q3 Q4 Q5

IGFBP-3
Median, ng/mL 2111 2749 3238 3727 4440 —
(Min-Max) (831-2454) (2459-3008) (3008-3507) (3508-4040) (4044-6767)
(Q1-Q3) (1834-2298) (2617-2876) (3116-3352) (3608-3861) (4245-4796) —
OS

Event/N 203/217 194/217 178/218 176/217 181/217 —
Median OS, (95% CI) 1.79 (1.40 to 2.00) 2.21 (1.98 to 2.49) 2.71 (2.39 to 3.01) 2.66 (2.25 to 3.02) 2.72 (2.42 to 3.05)
Unadjusted HR (95% CI) 1 (Referent) 0.74 (0.60 to 0.90) 0.53 (0.43 to 0.65) 0.52 (0.42 to 0.63) 0.53 (0.43 to 0.64) <.001b

Adjusted HR (95% CI) 1 (Referent) 0.80 (0.65 to 1.00) 0.61 (0.48 to 0.78) 0.61 (0.47 to 0.81) 0.57 (0.42 to 0.78) <.001b

PFS
Event/N 213/217 211/217 205/218 201/217 200/217 —
Median PFS, (95% CI) 0.73 (0.63 to 0.79) 0.85 (0.77 to 0.97) 1.01 (0.91 to 1.11) 0.96 (0.85 to 1.13) 0.97 (0.91 to 1.09)
Unadjusted HR (95% CI) 1 (Referent) 0.81 (0.67 to 0.98) 0.63 (0.52 to 0.77) 0.65 (0.54 to 0.79) 0.63 (0.52 to 0.77) <.001b

Adjusted HR (95% CI) 1 (Referent) 0.84 (0.68 to 1.04) 0.67 (0.53 to 0.86) 0.71 (0.54 to 0.92) 0.61 (0.45 to 0.82) .003
IGFBP-7

Median, ng/mL 29 34 39 45 57 —
(Min-Max) (15–32) (32–36) (36–41) (41–50) (50–126)
(Q1-Q3) (28-31) (33–35) (38–40) (43–47) (54–66) —
OS

Event/N 181/217 179/217 185/219 187/216 200/217 —
Median OS, (95% CI) 2.74 (2.51 to 2.95) 2.50 (2.25 to 2.81) 2.60 (2.31 to 2.93) 2.20 (1.88 to 2.48) 1.93 (1.58 to 2.13)
Unadjusted HR (95% CI) 1 (Referent) 1.08 (0.88 to 1.33) 1.11 (0.91 to 1.37) 1.29 (1.05 to 1.58) 1.71 (1.40 to 2.10) <.001
Adjusted HR (95% CI) 1 (Referent) 1.11 (0.90 to 1.37) 1.08 (0.87 to 1.33) 1.21 (0.98 to 1.49) 1.60 (1.30 to 1.97) <.001

PFS
Event/N 205/217 202/217 205/219 208/216 210/217 —
Median PFS, (95% CI) 0.96 (0.85 to 1.08) 0.96 (0.82 to 1.08) 0.92 (0.83 to 1.06) 0.91 (0.80 to 0.97) 0.79 (0.73 to 0.88)
Unadjusted HR (95% CI) 1 (Referent) 0.99 (0.81 to 1.20) 1.09 (0.89 to 1.32) 1.12 (0.92 to 1.36) 1.34 (1.10 to 1.62) <.001
Adjusted HR (95% CI) 1 (Referent) 1.06 (0.87 to 1.29) 1.11 (0.91 to 1.35) 1.14 (0.94 to 1.39) 1.38 (1.13 to 1.69) <.001

IGF-1
Median, ng/mL 68 100 127 155 203 —
(Min-Max) (14–84) (85–113) (113–139) (139–172) (172-332)
(Q1-Q3) (56-76) (92–106) (120–133) (146–162) (187–230) —
OS

Event/N 203/217 192/217 177/218 177/217 183/217 —
Median OS, (95% CI) 1.84 (1.51 to 2.00) 2.38 (2.09 to 2.60) 2.70 (2.28 to 3.23) 2.68 (2.34 to 2.91) 2.52 (2.31 to 2.78)
Unadjusted HR (95% CI) 1 (Referent) 0.67 (0.55 to 0.81) 0.54 (0.44 to 0.66) 0.56 (0.46 to 0.69) 0.60 (0.49 to 0.73) <.001b

Adjusted HR (95% CI) 1 (Referent) 0.97 (0.77 to 1.21) 0.93 (0.72 to 1.20) 1.06 (0.80 to 1.41) 1.20 (0.88 to 1.64) .30
PFS

Event/N 212/217 211/217 201/218 200/217 206/217 —
Median PFS, (95% CI) 0.71 (0.64 to 0.82) 0.86 (0.77 to 0.91) 1.03 (0.91 to 1.17) 0.97 (0.85 to 1.09) 0.96 (0.85 to 1.09)
Unadjusted HR (95% CI) 1 (Referent) 0.77 (0.63 to 0.93) 0.62 (0.51 to 0.75) 0.63 (0.52 to 0.76) 0.70 (0.58 to 0.85) <.001b

Adjusted HR (95% CI) 1 (Referent) 0.96 (0.77 to 1.19) 0.85 (0.66 to 1.09) 0.96 (0.73 to 1.26) 1.13 (0.84 to 1.54) .23
C-peptide

Median, ng/mL 1.6 2.9 4.2 6 8.9 —
(Min-Max) (0.0-2.3) (2.3-3.6) (3.6-5.0) (5.0-7.1) (7.1-21.8)
(Q1-Q3) (1.2-2.0) (2.6-3.2) (3.9-4.6) (5.5-6.5) (7.9-11.4) —
OS

Event/N 177/217 179/217 193/218 188/217 195/217 —
Median OS, (95% CI) 2.26 (1.96 to 2.60) 2.24 (1.93 to 2.50) 2.55 (2.24 to 2.75) 2.37 (2.04 to 2.60) 2.52 (2.30 to 2.83)
Unadjusted HR (95% CI) 1 (Referent) 1.02 (0.83 to 1.25) 1.01 (0.82 to 1.23) 1.03 (0.84 to 1.26) 1.05 (0.86 to 1.29) .78
Adjusted HR (95% CI) 1 (Referent) 1.05 (0.85 to 1.30) 1.00 (0.81 to 1.24) 1.14 (0.92 to 1.41) 1.13 (0.91 to 1.40) .28

PFS
Event/N 202/217 200/217 211/218 207/217 210/217 —
Median PFS, (95% CI) 0.85 (0.77 to 0.97) 0.83 (0.77 to 0.92) 0.96 (0.87 to 1.06) 0.95 (0.86 to 1.08) 0.91 (0.80 to 0.97)
Unadjusted HR (95% CI) 1 (Referent) 0.99 (0.81 to 1.20) 1.04 (0.86 to 1.27) 0.98 (0.81 to 1.19) 1.07 (0.88 to 1.30) .84
Adjusted HR (95% CI) 1 (Referent) 0.99 (0.81 to 1.21) 1.05 (0.86 to 1.29) 1.03 (0.84 to 1.26) 1.11 (0.91 to 1.37) .41

Adiponectin
Median, ng/mL 3511 5936 8474 11558 16935 —
(Min-Max) (985-4854) (4855-7097) (7102-9988) (10 040-13 574) (13 579-40 480)
(Q1-Q3) (2801-4261) (5399-6514) (7875-9283) (10 780-12 512) (15 179-20 601) —

(continued)
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methylator phenotype–high CRCs (30), our results were largely
unchanged when further adjusted for microsatellite instability
status (HR for OS ¼ 0.57, 95% CI ¼ 0.42 to 0.78; Ptrend < .001).

In contrast to IGFBP-3, greater plasma IGFBP-7 was associ-
ated with greater risk of mortality and disease progression.
Compared with individuals with IGFBP-7 in the lowest quintile,

individuals with IGFBP-7 in the highest quintile experienced an
adjusted hazard ratio for OS of 1.60 (95% CI ¼ 1 .30 to 1.97; Ptrend

< .001) and an adjusted hazard ratio for PFS of 1.38 (95% CI ¼
1.13 to 1.69; Ptrend < .001). In sensitivity analyses, the association
with OS was not substantially altered by further adjustment
for plasma IGF-1, IGFBP-3, physical activity, and weight change

Table 4. (continued)

Variable

Quintiles

PtrendQ1 Q2 Q3 Q4 Q5

OS
Event/N 189/217 185/217 179/218 189/217 190/217 —
Median OS, (95% CI) 2.66 (2.45 to 3.00) 2.43 (2.10 to 2.64) 2.75 (2.41 to 2.98) 2.21 (1.94 to 2.51) 1.92 (1.60 to 2.11)
Unadjusted HR (95% CI) 1 (Referent) 1.09 (0.89 to 1.34) 1.00 (0.81 to 1.22) 1.20 (0.98 to 1.46) 1.34 (1.10 to 1.64) .008
Adjusted HR (95% CI) 1 (Referent) 1.07 (0.87 to 1.31) 0.94(0.76 to 1.16) 1.04 (0.84 to 1.29) 1.10 (0.87 to 1.39) .76

PFS
Event/N 209/217 204/217 202/218 207/217 208/217 —
Median PFS, (95% CI) 0.97 (0.90 to 1.13) 0.92 (0.79 to 1.03) 0.96 (0.85 to 1.08) 0.86 (0.79 to 0.98) 0.77 (0.70 to 0.88)
Unadjusted HR (95% CI) 1 (Referent) 1.02 (0.84 to 1.24) 0.99 (0.82 to 1.20) 1.05 (0.87 to 1.28) 1.29 (1.06 to 1.56) .01
Adjusted HR (95% CI) 1 (Referent) 0.99 (0.81 to 1.20) 0.90 (0.73 to 1.10) 0.94 (0.76 to 1.16) 1.13 (0.90 to 1.40) .03b

aAdjusting with Cox proportional hazards regression for age (continuous variable), sex (female, male), performance status (ECOG 0 vs 1 or 2), planned chemotherapy

(FOLFIRI, mFOLFOX6), prior adjuvant chemotherapy (yes, no), assigned treatment arm (bevacizumab, cetuximab, bevacizumab þ cetuximab), KRAS status (wild-type,

mutant, indeterminate/missing), tumor sidedness (right or transverse colon vs left colon or rectum), plasma albumin (continuous variable), diabetes (yes, no), and

body mass index (<20.9, 21-24.9, 25-29.9, 30-34.9, �35 kg/m2). The adjusted model for C-peptide is further adjusted for fasting status. The adjusted model for IGF-1 is

further adjusted for IGFBP-3 (continuous and nonlinear term). The adjusted model for IGFBP-3 is further adjusted for IGF-1 (continuous and nonlinear term). CI ¼ confi-

dence interval; ECOG ¼ Eastern Cooperative Oncology Group; FOLFIRI ¼ leucovorin, fluorouracil, and irinotecan; HR ¼ hazard ratio; IGF-1 ¼ insulin-like growth factor-I;

IGFBP-3¼ insulin-like growth factor-binding protein-3; IGFBP-7¼ insulin-like growth factor-binding protein-7; mFOLFOX6¼ leucovorin, fluorouracil, and oxaliplatin; OS

¼ overall survival; PFS ¼ progression-free survival; Q ¼ quintile.
bP values marked with b reflect statistical significance of a test for nonlinear trend across biomarkers quintiles. All other P values reflect tests for linear trend. Criteria

for applying nonlinear vs linear tests for trend are detailed in Methods. All P values are 2-sided.
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Figure 2. Restricted cubic splines depicting hazard ratios for (A) all-cause mortality (OS) as a function of plasma IGFBP-3 concentration and (B) disease progression or

mortality (PFS) as function of plasma adiponectin concentration (n¼ 1086). Hazard ratios treat the median concentrations of adiponectin and IGFBP-3 as reference val-

ues. Dashed lines indicate 95% confidence intervals. Models were adjusted for age (continuous variable), sex (female, male), performance status (ECOG 0 vs 1 or 2),

planned chemotherapy (FOLFIRI, mFOLFOX6), prior adjuvant chemotherapy (yes, no), assigned treatment arm (bevacizumab, cetuximab, bevacizumab þ cetuximab),

KRAS status (wild-type, mutant, indeterminate, missing), tumor sidedness (right or transverse colon vs left colon or rectum), plasma albumin (continuous variable), di-

abetes (yes, no), and body mass index (<20.9, 21-24.9, 25-29.9, 30-34.9, �35 kg/m2). The adjusted model for IGFBP-3 is further adjusted for IGF-1 (continuous and nonlin-

ear term). CI ¼ confidence interval; ECOG ¼ Eastern Cooperative Oncology Group; FOLFIRI ¼ leucovorin, fluorouracil, and irinotecan; HR ¼ hazard ratio; IGF-1 ¼ insulin-
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sion-free survival.

8 of 13 | JNCI Cancer Spectrum, 2020, Vol. 5, No. 1



(HR ¼ 1.48, 95% CI ¼ 1.20 to 1.82; Ptrend < .001), although the as-
sociation with PFS became statistically non-significant (HR ¼
1.25, 95% CI ¼ 1.02 to 1.54; Ptrend ¼ .05).

In the univariate model and a model adjusted for patient,
disease, and treatment characteristics, increasing IGF-1 demon-
strated a nonlinear association with longer OS and PFS (ad-
justed HR for OS comparing highest IGF-1 quintile with lowest ¼
0.71, 95% CI ¼ 0.57 to 0.87; Pnonlinearity < .001; adjusted HR for PFS
¼ 0.75, 95% CI ¼ 0.61 to 0.92; Pnonlinearity < .001). However, the
associations between IGF-1 and patient outcome became statis-
tically non-significant when further adjusted for IGFBP-3 (HR for
OS ¼ 1.20, 95% CI ¼ 0.88 to 1.64; Ptrend ¼ .30; HR for PFS ¼ 1.13,
95% CI ¼ 0.84 to 1.54; Ptrend ¼ .23). Given IGFBP-3’s role as IGF-1’s
primary binding protein, we also examined associations of pa-
tient outcome with the molar ratio of plasma IGF-1 to plasma
IGFBP-3. This ratio was not associated with patient outcome in
multivariable models (Ptrend for OS ¼ .99; Ptrend for PFS ¼ .76).

Increasing adiponectin was associated with shorter OS in
the unadjusted model (HR ¼ 1.34, 95% CI ¼ 1.10 to 1.64; Ptrend ¼
.008); however, this association was not statistically significant
after adjusting for covariates (Ptrend ¼ .76). Regarding PFS, the
nonlinear test for trend demonstrated a statistically significant
U-shaped association, wherein patients with extreme levels of
adiponectin experienced shorter PFS compared with other
patients (adjusted Pnonlinearity ¼ .03; Figure 2). This association
remained statistically significant after adjusting further for
physical activity and weight change (Pnonlinearity ¼ .009). C-pep-
tide was not associated with mortality or disease progression in
unadjusted or adjusted models.

Subgroup Analyses by Patient and Tumor
Characteristics

The association of high IGFBP-3 and low IGFBP-7 with longer OS
and PFS appeared generally consistent across strata of other
predictors (Figures 3 and 4). The subgroup analyses are explor-
atory and hypothesis generating.

Discussion

In this prospective cohort of patients with mCRC enrolled in an
NCI-sponsored trial, high baseline plasma IGFBP-3 and low
baseline plasma IGFBP-7 were associated with longer OS and
PFS after adjusting for potential and known predictors of patient
outcome. Plasma adiponectin was not associated with OS, al-
though extreme levels of plasma adiponectin were associated
with shorter PFS. In adjusted models, C-peptide and IGF-1 were
not associated with patient outcomes.

Aberrant IGF signaling through the PI3K-AKT pathways pro-
motes cellular survival and proliferation and has been impli-
cated in various malignancies (5). IGFBP-3 is IGF-1’s primary
binding protein and reduces IGF-1 signaling by preventing IGF-1
from binding the IGF-1 receptor (8). In our study, high IGFBP-3
was associated with longer survival despite the absence of an
association between survival and IGF-1. This may be due to tu-
mor suppressor effects of IGFBP-3 that are IGF-1-independent
(31). However, our study measured total plasma IGF-1 and can-
not exclude associations between mCRC outcome and free
plasma IGF-1. As a proxy for free IGF-1, we tested for associa-
tions between survival and the ratio of total IGF-1 to IGFBP-3
(18) but found no statistically significant association.

To our knowledge, our study is the first to examine associa-
tions of IGFBP-7 with mCRC disease progression and mortality.

IGFBP-7 is associated with insulin resistance (32) and is differen-
tiated from other IGFBPs by its relatively low affinity for IGF
(33,34). Prior studies suggest that IGFBP-7 acts as a tumor sup-
pressor in several malignancies (35-38), including colon cancer
(39), possibly through inhibition of cell growth and survival via
IGF-1 and 2 antagonism and blockade of IGF-1 receptor activa-
tion (40). Considering such evidence, the association identified
in the current study between elevated plasma IGFBP-7 and ad-
verse mCRC outcomes appears paradoxical. However, other evi-
dence suggests that IGFBP-7 may promote tumor progression in
malignancies such as glioblastoma, wherein IGFBP-7 was found
to promote cancer cell growth and migration and to be associ-
ated with decreased patient survival (41). IGFBP-7 has also been
reported to be elevated in invasive prostate cancer (42) and co-
lon cancer (43). It has also been associated with aggression in in-
flammatory breast cancer (44), increased risk of metastasis in
sarcoma (45), poor prognosis in multiple myeloma (46), and
poor prognosis in colon cancer when expressed by tumor cells
(47). IGFBP-7 biology is multifaceted, with effects on tumor vas-
culature (48) and on anchorage-independent growth that varies
depending on tumor cell phenotype (49). Our findings suggest
that high plasma IGFBP-7 may be a poor prognostic sign in
mCRC and support further investigation of the interplay be-
tween IGFBP-7 and CRC tumor biology.

Our findings regarding IGFBP-3, IGF-1, and C-peptide are
consistent with prior prospective studies of CRC patients that
found high plasma IGFBP-3, but not IGF-1 or C-peptide, to be as-
sociated with lower risk of CRC-specific death (50), greater treat-
ment response, and longer time to progression (25). It is unclear
whether such findings are generalizable to nonmetastatic CRC.
One study of nonmetastatic CRC found no association between
prediagnosis IGFBP-3 and patient mortality (14), whereas others
identified IGFBP-3 methylation as a predictor of poor disease-
free survival (51,52). Notably, our study of associations between
CRC survival and circulating IGFBP-3, IGF-1, and C-peptide is the
first to control for the presence of diabetes, KRAS status, and tu-
mor sidedness.

Adiponectin is a circulating regulator of insulin sensitivity
whose concentration is inversely related to adiposity and CRC
incidence (9). One prospective study found high adiponectin to
be associated with greater CRC-specific and overall mortality
(11), whereas another study found no association (53). We iden-
tified a U-shaped association, wherein individuals with low or
high adiponectin experienced shorter PFS. The association of
high adiponectin with shorter PFS may be attributable to adipo-
nectin elevation during weight loss, because weight loss
increases adiponectin and portends a worse prognosis in mCRC
(23,54). The association between low adiponectin and shorter
PFS may be related to adiponectin’s role as an insulin sensitizer
(55), because insulin resistance and hyperinsulinemia may pro-
mote CRC progression (2).

Conducting a prospective cohort study nested within an
NCI-sponsored clinical trial offers several advantages. All
patients had confirmed advanced or metastatic disease at base-
line, reducing patient heterogeneity. Treatment and follow-up
after biomarker measurement were standardized, allowing dis-
ease progression and mortality to be assessed prospectively and
accurately. Finally, detailed information on prognostic covari-
ates was collected at baseline, allowing adjustment for potential
confounders.

Our study has notable limitations. First, patients in clinical
trials may differ from the general population. However, this co-
hort included patients from community and academic centers
throughout North America. Second, our adjustment for weight

B. J. Guercio et al. | 9 of 13



Subgroup IGFBP-3
P for 

interac�on IGFBP-7
P for 

interac�on
Age, y .65 .04

<60
≥60

Race .47 .61
White
Black

Sex .39 .77
Male
Female

Performace Status .78 .80
ECOG 0
ECOG 1,2

Protocol Chemotherapy .89 .08
FOLFIRI
mFOLFOX6

Treatment Arm .01 .10
Bevacizumab
Cetuximab
Both

Sidedness .22 .49
Right or transverse colon
Le� colon or rectum

Physical Ac�vity .22 .80
0-2.9 MET h/w
≥3 MET h/w

Weight Change .14 .16
Loss ≥5%
All Other

Diabetes .03 .04
No
Yes

BMI .88 .55
<25
≥25

Hazard ra�os for disease progression or mortality

0.2 0.4 0.6 0.8 1 1.2 1.4 0.5 1 1.5 2 2.5 3 3.5 4

Subgroup IGFBP-3
P for 

interac�on IGFBP-7
P for 

interac�on
Age, y .05 .05

<60
≥60

Race .81 .54
White
Black

Sex .69 .52
Male
Female

Performace Status .74 .38
ECOG 0
ECOG 1,2

Protocol Chemotherapy .38 .25
FOLFIRI
mFOLFOX6

Treatment Arm .14 .36
Bevacizumab
Cetuximab
Both

Sidedness .72 .32
Right or transverse colon
Le� colon or rectum

Physical Ac�vity .33 .81
0-2.9 MET h/w
≥3 MET h/w

Weight Change .05 .18
Loss ≥5%
All Other

Diabetes .03 .68
No
Yes

BMI .60 .93
<25
≥25

Hazard ra�os for all-cause mortality

0.2 0.4 0.6 0.8 1 1.2 1.4 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2

A

B

Figure 3. Multivariate hazard ratios with 95% confidence intervals for (A) all-cause mortality (overall survival) and (B) disease progression or mortality (progression-free

survival) in patients with advanced or metastatic colorectal cancer, stratified across various patient, disease, and treatment characteristics. The forest plot represents

the hazard ratios of the comparison of the highest quintile of a given marker (eg, IGFBP-3) to the lowest quintile. Adjusting with Cox proportional hazards regression

for age (continuous variable), sex (female, male), performance status (ECOG 0 vs 1 or 2), planned chemotherapy (FOLFIRI, mFOLFOX6), prior adjuvant chemotherapy

(yes, no), assigned treatment arm (bevacizumab, cetuximab, bevacizumab þ cetuximab), KRAS status (wild-type, mutant, indeterminate/missing), tumor sidedness

(right or transverse colon vs left colon or rectum), plasma albumin (continuous variable), diabetes (yes, no), and body mass index (<20.9, 21-24.9, 25-29.9, 30-34.9,

�35 kg/m2). The adjusted model for IGFBP-3 is further adjusted for IGF-1 (continuous and nonlinear term). BMI ¼ body mass index; ECOG ¼ Eastern Cooperative

Oncology Group; FOLFIRI ¼ leucovorin, fluorouracil, and irinotecan; IGF-1 ¼ insulin-like growth factor-1; IGFBP-3¼ insulin-like growth factor-binding protein-3; IGFBP-

7¼ insulin-like growth factor-binding protein-7; MET h/w ¼metabolic equivalent task-hours per week; mFOLFOX6¼ leucovorin, fluorouracil, and oxaliplatin.
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loss and physical activity was limited because 25% of individu-
als did not answer the questionnaire for these covariates. Third,
our study’s biomarker assessment was limited to baseline
measurements. Future studies should aim to measure plasma
biomarkers longitudinally. Finally, our study lacks a validation
cohort and requires additional studies to confirm our findings.
Future directions may include investigation of the adiponectin
to leptin ratio, a marker of adipose tissue dysfunction (56).

In summary, this prospective study of patients with mCRC,
embedded in a large, phase III trial, demonstrated an associa-
tion of high baseline plasma IGFBP-3 and low baseline plasma
IGFBP-7 with prolonged OS and PFS. Extreme levels of plasma
adiponectin were associated with shorter PFS. After adjusting
for confounders, there were no statistically significant associa-
tions between patient outcome and plasma C-peptide or IGF-1.
Although our study’s observational nature precludes inferences
of causality, the results further inform CRC biology and suggest

potential avenues for prognostic and therapeutic innovation.
Future studies should be performed to confirm our findings.
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Figure 4. Multivariate hazard ratios with 95% confidence intervals for (A) all-cause mortality (overall survival) and (B) disease progression or mortality (progression-free

survival) in patients with advanced or metastatic colorectal cancer, stratified across various molecular tumor markers. The forest plot represents the hazard ratios of

the comparison of the highest quintile of a given marker (eg, IGFBP-3) to the lowest quintile. Adjusting with Cox proportional hazards regression for age (continuous

variable), sex (female, male), performance status (ECOG 0 vs 1 or 2), planned chemotherapy (FOLFIRI, mFOLFOX6), prior adjuvant chemotherapy (yes, no), assigned

treatment arm (bevacizumab, cetuximab, bevacizumab þ cetuximab), KRAS status (wild-type, mutant, indeterminate/missing), tumor sidedness (right or transverse co-

lon vs left colon or rectum), plasma albumin (continuous variable), diabetes (yes, no), and body mass index (<20.9, 21-24.9, 25-29.9, 30-34.9, �35 kg/m2). The adjusted

model for IGFBP-3 is further adjusted for IGF-1 (continuous and nonlinear term). ECOG ¼ Eastern Cooperative Oncology Group; FOLFIRI ¼ leucovorin, fluorouracil, and
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