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ABSTR ACT
BACKGROUND: Insulin-like growth factors (IGFs) are implicated in many normal physiological processes and pathological states, including cancer. For
large consortia projects, it may be necessary to make comparisons among studies with different specimens that were not collected specifically to optimize
the measurement of IGFs.
OBJECTIVE: This study aimed to compare IGFs in matched serum and plasma samples.
METHODS: We measured IGF-I, IGF-II, insulin-like growth factor-binding protein (IGFBP)-3, C-peptide, and leptin in serum and
ethylenediaminetetraacetic–containing-plasma samples obtained concurrently from 30 healthy women aged 64–80 years in the Prostate, Lung, Colorectal
and Ovarian Cancer Screening Trial using chemiluminescent or colorimetric enzyme-linked immune assays. Coefficients of variation (CVs) and correlations were determined.
RESULTS: Intraassay CVs ranged from 0.4% for IGFBP-3 to 10% for IGF-II. Mean concentrations of all analytes were higher in the serum, but the differences in mean concentrations of the analytes between serum and plasma were all ,11%. Concordance correlation coefficients of matched serum/plasma
specimens were 0.92, 0.91, 0.82, 0.96, and 0.99 for IGF-I, IGFBP-3, IGF-II, C-peptide, and leptin, respectively.
CONCLUSION: IGF concentrations measured in serum and plasma are highly correlated but are consistently slightly higher in serum, suggesting that
IGF values should be corrected for systematic bias, particularly in consortial efforts when pooling data derived from different specimens.
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Introduction

The insulin-like growth factor (IGF) system consists of insulin (its beta-cell marker C-peptide), the two IGFs (IGF-I and
IGF-II), and their binding proteins (IGFBPs). Leptin is a
related metabolic marker that is involved in regulating energy
intake and expenditure and that typically reflects adipose
tissue and body fatness. Collectively, these biomarkers are
thought to be important in tumor development, both directly
through effects on tumor cells and, indirectly, through interactions with other hormones.
The role of IGFs has been investigated in a number of
cancers;1–3 however, study results have been inconsistent.4,5
Most associations between IGFs and cancer risk have been
found with IGF-I and its binding protein IGFBP-3. In a
systematic review of 21 studies, meta-analyses of individual
cancer sites demonstrated that higher concentrations of IGF-I
were associated with prostate, colorectal, and premenopausal
breast cancer, whereas higher concentrations of IGFBP-3
were associated with premenopausal breast cancer only.6 Out
of all 21 studies included in the meta-analysis, the 10 that

measured IGFs in plasma found stronger associations than
those using serum,6 suggesting that the specimen type was
a source of between-study heterogeneity. The authors concluded that while the elevated concentrations of IGFs might
contribute greatly to the burden of cancer, laboratory methods
need to be standardized to strengthen these epidemiological
observations.
With biobanks and other stored resources, there is
increasing opportunity to rely on existing samples rather than
on de novo data collection, which is time consuming and
costly. This is particularly true for large consortia. In these
cases, it is not possible to standardize collection and processing procedures post hoc. We designed the current study
specifically to assess the difference in circulating IGFs in an
opportunistic situation in which samples were obtained from
different data collections.

Materials and Methods

Residual samples from the Prostate, Lung, Colorectal and
Ovarian (PLCO) Screening Trial7,8 were used to compare
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the concentrations of IGFs in serum with concentrations
in matched plasma specimens using chemiluminescent or
colorimetric enzyme-linked immuno assay (ELISA) methods. We selected serum and ethylenediaminetetraacetic acid
(EDTA)-plasma samples collected at the same time from 30
postmenopausal women aged 64–80 years. Collection and
processing of blood samples followed the study’s standard
protocol. The serum collection tubes (red top) were allowed to
clot at room temperature for 1 hour before centrifugation. The
plasma tubes (purple top) were refrigerated until they were
centrifuged. The samples were centrifuged at either 1,200× g
for 15 minutes or 3,900× g for 6 minutes, depending on the
type of centrifuge used by the individual screening centers.
The specimens were processed and frozen (at -70°C) within
2 hours of the blood draw. After the tubes were processed, the
frozen cryovials were shipped to the biorepository and were
stored in liquid nitrogen freezers at -157°C until shipped
to the analytical laboratory for assay. The serum and plasma
samples were randomly spread within one batch for each
IGF analyte, and the laboratory was blinded to whether the
samples were plasma, serum, or matched. The protocol was
approved by the PLCO Etiologic and Early Marker Studies program and received ethical permission form the Office
of Human Research Subjects and the Institutional Review
Board at the National Cancer Institute (#OH97CN041); the
experiments were undertaken with the understanding and
written consent of each subject. The study complies with the
principles of the Declaration of Helsinki.
Assays were performed in the laboratory of Michael N.
Pollak, MD (Jewish General Hospital and McGill University, Montreal, Canada). Immediately before assay, all samples
were brought to room temperature. No sample was thawed
more than once. Quality control samples, consisting of four
pairs at high, medium, and low concentrations were included
in each assay. IGF-I and IGFBP-3 were measured by chemiluminescence technology using reagents from Immunodiagnostics Systems, Boldon Business Park, Boldon, Tyne and Wear,
UK. C-peptide and IGF-II were measured using ELISA with
reagents from ALPCO Diagnostics, Keewaydin Drive, Salem,
NH, USA. Leptin was also measured by ELISA using reagents
from R&D Systems, Minneapolis, MN, USA. The manufacturer-stated limits of detection for IGF-I, IGF-II, IGFBP-3,
C-peptide, and leptin are 10–1,200 ng/mL, 0.02–3,600 ng/mL,
80–10,000 ng/mL, 0.011–10.8 ng/mL, and 0.0078–100 ng/mL,
respectively.
Statistical analysis of the data was carried out using
STATA Version 11 (STATA Corporation, College Station, TX, USA). Differences in mean IGF levels between
serum and plasma samples were assessed using paired t-tests.
Within-batch coefficients of variation (CVs) were calculated
from four pairs of quality control samples in each batch. Correlations were determined using parametric and nonparametric analyses. Data were log-transformed but untransformed
data are reported. Lin’s7 concordance correlation coefficient
14
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(rho-C) was calculated to test for agreement in concentrations
in the two types of specimens. The concordance correlation
coefficient combines measures of both precision and accuracy to determine how far the observed data deviate from
the line of perfect concordance (ie, the line at 45° on a square
scatterplot).8 Accuracy is depicted by the nearness of the data’s
reduced major axis to the line of perfect concordance and precision is reflected by the tightness of the data about its reduced
major axis.

Results

Assay characterization. The experimental intraassay
CVs, which represent both intrabatch laboratory error and the
difference associated with the two types of specimens, ranged
from 0.4%–10% (Table 1), with the CVs being highest for
IGF-II and C-peptide. Differences were noted between the
concentrations of the five analytes measured in serum versus
those measured in EDTA plasma, with mean concentrations
in serum being consistently higher (Table 1; all P , 0.01). The
mean difference in concentration in plasma and serum was
,10% for all analytes, except for IGF-I, which was 10.9%.
Correlations, concordance, accuracy, and precision of
IGF measurement in matched plasma and serum samples.
Correlations of IGFs measured in 30 matched serum and
plasma samples are shown in Figure 1A–E. The plasma and
serum values were highly correlated for 4 of the 5 IGFs (rhoC; IGF-I = 0.92, IGFBP-3 = 0.91, C-peptide = 0.96, and
leptin = 0.99) and were moderately correlated for IGF-II
(rho-C = 0.82). Three types of correlations yielded relatively
similar results, except the Spearman rank correlation for
IGF-II, which resulted in a much lower correlation between
serum and plasma values. In Bland–Altman plots (Fig. 1A–E,
right column), nearly all the individual values for each of the
five IGFs fit within the two standard deviation limits, which
represent the clinical acceptable difference between two
methods. However, for IGF-II, the slope deviates from the
ideal value of one, suggesting that the accuracy and precision
of measuring IGF-II in serum and plasma do not align.

Discussion

Our study demonstrates that concentrations of IGFs are
relatively similar in serum and EDTA-plasma samples, suggesting that epidemiologic studies can leverage existing
archived samples, which may be processed in different ways,
to further investigate the relationship between IGFs and
cancer. Given the many sources of variation between serum
and EDTA plasma, the highly correlated IGF concentrations in matched samples is reassuring for pooling and consortial studies. Concentrations of IGFs and leptin in serum
and plasma were highly correlated, which is consistent with
previous studies.9–11 Even though our study lacked power to
detect statistically significant differences in means, the mean
differences in IGF concentrations between serum and plasma
were no greater than 10.9%. This is in agreement with the

Notes: t-test and correlations are based on log-transformed data; values presented in table are not log transformed. Significant at P , 0.001. Significant at P , 0.0001. One sample did not have adequate volume to
measure C-peptide.
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Table 1. Sample characteristics and correlation statistics for IGF-I, IGFBP-3, IGF-II, C-peptide, and leptin (ng/mL) in matched serum and plasma samples from 30 healthy females in the
Prostate, Lung, Colon and Ovary Screening Trial
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5%–10% differences found between serum and EDTA plasma
taken from men and women aged 20–60 years.12 A mean
difference ,10% is not considered a clinically significant effect
of sample processing.13 However, a mean difference ,10% may
yet be influential in epidemiologic studies. If this is the case,
then the higher absolute serum levels, compared to plasma levels, determined in our study do not entirely explain stronger
risk associations found in epidemiologic studies for plasma.6
The accuracy of the assay method may also be contributing to heterogeneity in consortial studies. The interassay CVs
ranged between 0.4% and 10.4% in our study, suggesting that
some of the variation between serum and plasma samples is
attributable to the reproducibility of the assay. The relatively
higher CVs for serum IGF-II compared to the other IGFs may
be an additional source of variation contributing to lower concordance for this analyte.
The higher concentrations in serum could be explained
by the release of IGFs from platelets, which remain in serum
after coagulation.14,15 The plasma in our study probably also
contained platelets, though less than in serum, because the
PLCO study’s protocol was not designed to result in a plateletpoor sample.
In a perfect research world, the collection and processing
of samples would be standardized across all studies, but with
ample archived samples available in existing biorepositories,
we propose that an alternative and resourceful approach is for
future studies to consider comparing biomarkers in populations
with different specimen types, and when possible, adjusting for
the systematic difference between serum and plasma concentrations in statistical analyses. For consortial or other studies
that find it necessary to measure IGFs in different specimen
types, it would be prudent to include samples of plasma and
serum from the same individuals to calculate mean differences
that can be used to correct the main study sample values. If
existing samples come from studies using the same processing
and assays we used here, our calculation could be applied.
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Figure 1. Concordance correlation coefficients (left) and Bland–Altman graphs (right) of log-transformed concentrations of IGF-I (A), IGF-II (B) IGFBP-3
(C), C-peptide (D), and leptin (E).
Notes: For each analyte, the left side graph depicts the concordance correlation between matched plasma and sera samples (black dotted line) in
comparison to the line of perfect concordance (solid black line). The right side graph shows the observed average agreement between plasma and sera
samples (purple line) and 95% limits of agreement (red lines) in relation to the line of perfect average agreement (black solid line).
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