
Serum Insulin-Like Growth Factor I (IGF-I), IGF-Binding
Proteins 2 and 3, and the Risk for Development of
Malignancies in Adults with Growth Hormone (GH)
Deficiency Treated with GH: Data from KIMS
(Pfizer International Metabolic Database)

Vera Popovic, Anders F. Mattsson, Rolf C. Gaillard, Patrick Wilton,
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Context: The association between IGFs and cancer in adults with GH deficiency (GHD) receiving GH
replacement requires investigation.

Objective: The objective was to examine the association between IGF-I, IGF-binding protein 2
(IGFBP-2), and IGFBP-3 SD scores (SDSs) in GH-deficient adults receiving GH therapy and the occur-
rence of de novo malignancies.

Design: Serum IGF-I, IGFBP-2, and IGFBP-3 levels in GH-deficient patients who developed a malig-
nancy since receiving GH were compared with patients with idiopathic GHD but without malig-
nancy. Measurements were related to age-, sex-, and body mass index-specific SDS reference
regions.

Setting: The setting included the KIMS (the Pfizer International Metabolic Database).

Patients: One hundred patients with de novo malignancy during GH therapy were compared with
325 patients with idiopathic GHD without malignancy.

Intervention(s): Serum samples were obtained as close as possible to the diagnosis of malignancy,
or after approximately 2 yr of GH replacement in KIMS.

Main Outcome Measures: Associations between relative risk (RR) of malignancy and IGF-I, IGFBP-2,
and IGFBP-3 SDSs were assessed in multiple log-linear Poisson working regression models, con-
trolling for age, sex, onset of GHD, and GH naivety at KIMS entry.

Results: No association between IGF-I SDSs and RR was observed (P � 0.48). Increasing IGFBP-2 and
IGFBP-3 SDSs were associated with increasing RRs [18% per unit IGFBP-2 SDSs (95% confidence
interval, 7–30%; P � 0.0006), 13% per unit IGFBP-3 SDS (2–26%; P � 0.01)].

Conclusions: IGF-I levels targeted to within normal age-related reference ranges during GH
replacement were not associated with the occurrence of malignancies. Higher IGFBP-2 and/or
IGFBP-3 SDSs may be associated with increased cancer risk. (J Clin Endocrinol Metab 95:
0000 – 0000, 2010)
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The IGFs are well known as key regulators of energy
metabolism and growth of both normal and malig-

nant cells (1, 2). The IGFs comprise a complex system with
two growth factors (IGF-I and IGF-II), cell-surface recep-
tors, six specific high-affinity IGF-binding proteins
(IGFBP-1 to IGFBP-6), and IGFBP proteases, as well as an
acid-labile subunit. Regulation of IGF-I secretion in adults
is complex and is not solely dependent on GH status but
also on factors such as age, sex, and hormonal and nutri-
tional status. Experimental data suggest that some IGFs
play a role in the development and progression of cancer
(3) and that signal transduction networks rather than in-
dividual genes govern the course of tumorigenesis (4). In
line with this, considerable epidemiological data have
highlighted a possible link between circulating GH and/or
IGF-I levels and cancer development in humans (5–7).
Studies within a normal population suggest that high-
normal serum IGF-I levels may be associated with an
increased risk of malignancies (5, 6). As GH therapy
increases IGF-I levels, it is important to consider the role
of the IGF hormone axis in the development of cancer
in adults with GH deficiency (GHD) receiving GH
replacement.

Several studies have reported increased cancer risk in
patients with untreated GHD (8–10). Among patients re-
ceiving GH therapy, results have been more variable (10–
13). Some studies reported an increased incidence of ma-
lignancy in hypopituitary patients receiving GH therapy
relative to the general population (11), whereas others
showed no increased risk (10). This study examined the
association between circulating levels of IGF-I, IGFBP-2,
and IGFBP-3 during GH replacement therapy and the rel-
ative risk (RR) of cancer in patients with GHD.

Patients and Methods

Patient groups
This study used data from KIMS (Pfizer International Met-

abolic Database), a pharmacoepidemiological survey of adults
with GHD. The survey is performed in accordance with The
Declaration of Helsinki (14). Central IGF-I measurement (but
not IGFBP-2 or IGFBP-3 measurement) is routinely offered for
patients in KIMS (15).

The association between de novo malignancy (excluding non-
melanoma skin cancers) and IGF-I SD score (SDS), IGFBP-2 SDS,
and IGFBP-3 SDS during GH replacement in patients enrolled in
KIMS was assessed. Serum samples during GH replacement were
available from 100 (mean � SD age, 60.2 � 12.0 yr at cancer
diagnosis; 41% females; etiology of GHD, 76 cases were pitu-
itary adenoma) of the 180 patients with a de novo malignancy in
KIMS (database frozen in June 2006). Serum samples were re-
trieved as close as possible before malignancy was diagnosed [on
average, 7.7 months before diagnosis and 3.6 yr after KIMS entry
(Table 1)]. The most common malignancies were prostate can-

cers (n � 20), lung cancers (n � 14), breast cancers (n � 11),
malignant melanoma (n � 8), and brain tumors (n � 6). The
distributions of the etiologies of GHD and the types of cancer
diagnoses in the patients with malignancy who were included
and excluded in the study were similar (P � 0.40).

To illustrate the general distribution of IGF-I and IGFPBs
during well-established treatment in patients in KIMS, serum
samples from during the maintenance phase of GH replacement
[defined as 19–30 months after KIMS entry (on average, 2.1 yr)]
were retrieved and analyzed for 325 patients with idiopathic
GHD without a tumor diagnosis (mean � SD age, 38.0 � 14.0 yr
at serum sample date; 39% females). To assess whether IGFs in
this group were representative of those of patients without ma-
lignancies in KIMS, data on IGF-I levels from all KIMS patients
for whom there was a routine central measurement during main-
tenance GH replacement recorded in the database were analyzed
(“IGF-I-only reference”; n � 4239; mean � SD age, 47.0 � 15.0
yr at reported IGF-I sample date; 49% females].

The three groups differed in several ways, including in terms
of sex, age, onset of GHD, and GH-treatment naivety at KIMS
entry (Table 1). The prescribed GH dose closest to the blood
sample date was similar between groups.

At KIMS entry, patients diagnosed with a malignancy and
patients in the idiopathic GHD group had on average 2.7 and 1.8
pituitary hormone deficits in addition to GHD, respectively (P �
0.0001); the IGF-I-only reference group had 2.43. Percentages
with isolated GHD were 7, 24, and 10%, respectively. All other
hormone deficiencies were replaced before GH replacement was
started. GH reserve was most commonly assessed by insulin tol-
erance test (�65%), followed by arginine (�15%); percentages
were similar between the study groups.

IGF measurement
Serum IGF-I, IGFBP-2, and IGFBP-3 concentrations were

measured using a specific in-house RIA (1). For the IGF-I-only
reference group, IGF-I levels were measured at a central facility
by RIA after acid/ethanol precipitation of IGFBPs (Nichols In-
stitute Diagnostics, San Juan Capistrano, CA) or by a chemilu-
minescent immunoassay �Nichols Advantage System (Nichols
Institute Diagnostics), followed by Immulite 2500 (DPC Sie-
mens, Munich, Germany)�. For each assay, age- and sex-specific
reference ranges were used to determine IGF-I SDS (15, 16).

Statistical methods
Serum IGF-I, IGFBP-2, and IGFBP-3 were related to recently

published age-, sex-, and body mass index-specific univariate or
multivariate 95% reference regions in terms of SDSs (17). Anal-
yses assessing associations between cancers and IGF SDS were
conducted using multiple log-linear Poisson working regression
models with model-robust SE estimates (18). RR estimates were
adjusted for age at blood sample date, sex, onset of GHD, and
GH naivety at KIMS entry. IGF-I SDS was kept in the final mul-
tiple SDS model, even if it was not statistically significant, be-
cause of its importance in the titration of GH dose and safety
evaluations in GH-deficient patients.

Univariate SDS variables were classified as in Table 2. Nu-
merical SDS variables consisted of individual values. Age was
actual age at blood sample. Treatment naivety and onset of GHD
were dichotomized as in Table 1. The explanatory value of each
variable was evaluated using likelihood-ratio tests. The 95%
confidence intervals (CIs) were Wald based. P � 0.05 was con-
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sidered statistically significant. Models labeled “A” and “B” cor-
respond to the categorical and numerical versions, respectively.
Analyses were performed with SAS PROC GENMOD (1999–
2001; SAS (r) Proprietary Software Release 8.2; SAS Institute,
Cary, NC).

Results

IGF-I SDS was relatively similar between the three patient
groups except in those under 40 yr of age (P � 0.01) (Table
1). IGFBP-2 and IGFBP-3 SDS values were higher in the
malignancy group than the idiopathic GHD group in all
three age categories (P � 0.0001) (Table 1). Bivariate and
trivariate SDSs were similar between groups (all P � 0.12).

After adjustment for age, sex, onset of GHD, and na-
ivety to GH treatment at KIMS entry, RR per unit IGF-I
SDS decreased from 1.20 to 1.02 (Table 2, Crude model
and Model 1B, respectively). For IGFBP-2 and IGFBP-3,
associations with RR remained significant after adjust-

ment (Table 2: IGFBP-2 in Model 2B, RR of 1.16, 95%
CI of 1.06 –1.26; IGFBP-3 in Model 3B, RR of 1.08,
95% CI of 1.00 –1.18). The final triple SDS regression
models (Table 2, Models 4A and 4B) estimated the ef-
fects of any single univariate SDS variable with control
over the other two univariate SDS variables and also
over age, sex, onset of GHD, and GH-naivety. The es-
timated RR for malignancy after this control was 0.96
(95% CI, 0.87–1.07; P � 0.48) per unit IGF-I SDS, 1.18
(95% CI, 1.07–1.30; P � 0.0006) per unit IGFBP-2
SDS, and 1.13 (95% CI, 1.02–1.26; P � 0.01) per unit
IGFBP-3 SDS (Table 2, Model 4B).

Assessments of bivariate and trivariate SDSs did not
produce any significant or consistent results compared
with the triple univariate SDS models (data not shown).

For the IGF-I-only reference group, the estimated RR
per unit IGF-I SDS was 1.18 when unadjusted and 1.02
when adjusted for age-, sex-, onset of GHD, and GH na-
ivety (95% CI, 0.87–1.20).

TABLE 2. RR estimates from final multiple log-linear regression models

% of patients
with a malignancy

(no. of malignancies)/
(no. of malignancies �

idiopathic GHD)

Crude unadjusted
univariate SDS

assessment
RR

Adjusted single
univariate SDS

assessmenta

RR

Adjusted triple
univariate SDS

assessmentb

RR 95% CIc

Categorical modelsa

IGF-I SDS Model 1A Model 4A
Less than �2 10 (8/78) 0.38 1.04 1.51 0.71–3.19
�2 to 0 20 (18/90) 0.75 1.05 1.00 0.68–1.46
0–1 27 (27/101) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1–2 22 (18/81) 0.83 0.98 0.87 0.59–1.28
�2 39 (29/75) 1.45 1.09 0.94 0.65–1.34

IGFBP-2 SDS Model 2A
Less than �2 10 (9/92) 0.38 0.57 0.55 0.31–0.95
�2 to �1.5 22 (13/60) 0.84 0.83 0.86 0.57–1.29
�1.5 to �0.5 26 (31/120) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
�0.5 to 0 25 (15/60) 0.97 1.27 1.37 0.94–2.00
More than 0 34 (32/93) 1.33 1.27 1.39 0.98–1.98

IGFBP-3 SDS Model 3A
Less than �2 10 (7/70) 0.45 0.92 0.61 0.27–1.36
�2 to 0 19 (25/130) 0.87 1.06 1.03 0.69–1.54
0–1 22 (23/104) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1–2 31 (27/87) 1.40 1.25 1.29 0.89–1.88
More than 2 53 (18/34) 2.39 1.65 1.92 1.23–2.97

RR/unit increase
SDS (P value)

RR/unit increase
SDS (95% CI)

RR/unit increase
SDS 95% CI

Numerical modelsa Model 1B Model 4B
IGF-I SDS 1.20 (�0.0001) 1.02 (0.95–1.10) 0.96 0.87–1.07

Model 2B
IGFBP-2 SDS 1.24 (�0.0001) 1.16 (1.06–1.26) 1.18 1.07–1.30

Model 3B
IGFBP-3 SDS 1.27 (�0.0001) 1.08 (1.00–1.18) 1.13 1.02–1.26

For the categorical models, the central category (ref.) was used as the reference in the RR calculation.
a Controlling for age at time of blood sample, sex, onset of GHD, and naivety to GH treatment at KIMS start. Each IGF SDS was evaluated
separately (unconditionally) in a multiple regression model.
b Controlling for age at time of blood sample, sex, onset of GHD, and naivety to GH treatment at KIMS start. SDS for each hormone/protein was
evaluated simultaneously (conditionally) in a log-linear multiple Poisson working regression model. Model 4A (categorical) and 4B (numerical).
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Discussion

This investigation of the association between IGFs and
malignancies is the first to compare measurements during
GH therapy of IGF-I, IGFBP-2, and IGFBP-3 in GH-de-
ficient patients. IGF-I levels were targeted to within the
normal age-related reference range during treatment. It
had been speculated previously that perturbation of IGF-I
levels, even within the normal range, may alter the risk of
cancer (7). However, results show that there was no as-
sociation between IGF-I levels during the maintenance
phase of GH therapy and the occurrence of cancer. In
contrast, elevations in IGFBP-2 and/or IGFBP-3 levels
were associated with an increased cancer risk.

IGFBP-2 is the second most abundant circulating
IGFBP. IGFBP-2 levels show little diurnal variation and
are not influenced by meals or glucose infusion. We found
no change in IGFBP-2 levels during GH treatment (data
not shown), which is consistent with previous studies on
short- and long-term exposure to exogenous GH in
healthy adults (19, 20). However, there was an increased
RR for de novo malignancies with increasing IGFBP-2
SDS. This finding could indicate that IGFBP-2 is produced
by tumors or that IGFBP-2 has a role in promoting ma-
lignancies. Recent studies provide evidence of a role for
IGFBP-2 in cancer growth and also show normalization of
IGFBP-2 after successful cancer therapy (21, 22).

IGFBP-3 is the most ubiquitous of the IGFBPs. The
relationship between elevated IGFBP-3 levels and an in-
creased risk of malignancies in the present study is intrigu-
ing. A systematic review and meta-regression analysis has
shown previously that high IGFBP-3 levels were associ-
ated with increased risk of premenopausal breast cancer in
the general population (6). However, unraveling the role
of IGFBP-3 in cancer is complicated, and recent studies on
IGFBP-3 polymorphisms and cancer risk have had con-
tradictoryoutcomes indiversepopulationsand in multiple
types of cancer (23, 24). Thus, the association between
IGFBP-3 levels and the risk of cancer needs additional
investigation.

The selection of reference subjects is of critical impor-
tance. Ideally, if all data are not available, data from a
random sample of patients should serve as a reference.
This approach was not possible because of the limited
availability of serum samples. However, the observation
of the same RR of 1.02 per unit IGF-I SDS for the idio-
pathic GHD group and the IGF-I-only reference group
confirms that IGF-I SDS data from the former group were
representative of the total population of KIMS patients in
estimation of RR.

In addition to certain confounding factors for which it
was impossible to control (e.g. nutrition and other hor-

mone replacement therapies), the timing of samples may
not have been optimal. For instance, it was not possible to
check the robustness of the assumptions about mainte-
nance dosing in a controlled manner. The present findings
should therefore be confirmed in longitudinal cohort-
based studies in which IGF measurements are collected
over an extended time period.

In conclusion, it is reassuring that there was no asso-
ciation between IGF-I levels and cancer occurrence in
adults with GHD treated with GH. However, it remains
prudent to measure IGF-I levels regularly as part of on-
going safety surveillance during GH therapy. Although
the findings regarding IGFBP-2 and IGFBP-3 levels re-
quire additional confirmation, it is important that clini-
cians treating patients with GH are aware that any
changes in the IGF system may reflect altered cancer risk.
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