
Abstract. Background/Aim: Head and neck squamous cell
carcinoma (HNSCC) includes tumors of various anatomical
sites sharing multifactorial etiopathogenesis and generally
dismal response to conventional treatment. The objective of
this study was to determine the clinical significance of serum
levels of insulin-like growth factor-1 (IGF-1) and insulin-like
growth factor-binding protein-3 (IGFBP-3) in HNSCC.
Patients and Methods: A total of 46 patients, with
histologically-confirmed diagnosis of HNSCC (21
oropharyngeal, 21 laryngeal, and 4 hypopharyngeal
cancers) were enrolled in this study. IGF-1 and IGFBP-3
serum levels were measured by an immunoradiometric assay
using commercial kits. The adjustment of serum levels at 60
years of age was performed. Results: Significant differences
were found in IGF-1 serum concentrations between patients
with p16 positive and p16 negative HNSCC (p=0.0062), with
higher IGF-1 levels in p16 positive tumors, between low-
grade and high-grade cancers (p=0.0323) only in larynx,
with elevated IGF-1 concentrations associated with high-
grade and between recurrent and non-recurrent HNSCC
(p=0.0354), with lower IGF-1 levels in recurrent tumors.

Conclusion: The conflicting results of this study may reflect
some abnormality of IGF axis regulation in HNSCC, as well
as the influence of other etiological factors (e.g. smoking,
HPV infection).

Head and neck squamous cell carcinomas (HNSCC)
represent, in spite of the same histopathological type, a
heterogeneous group of tumors in respect to their different
site of origin, etiology and pathobiology, clinical behavior
and prognosis (1). Smoking habit, alcohol abuse and human
papillomavirus (HPV) infection are generally acknowledged
to be etiological factors of HNSCC (2). p16 Protein is
supposed to be a robust marker for HPV-induced
oncogenesis, as it is overexpressed in HPV-positive tumors
(3-5). Despite advancements in therapeutic strategies for the
treatment of HNSCC, prognosis has not shown any
improvement during the last decades, with many cases of
recurrent disease. A better understanding of the pathobiology
of distinct site-specific types of HNSCC and the
identification of novel molecules playing the role of
prognostic and predictive biomarkers might help to improve
early detection, prognosis and therapeutic options for these
tumor types.

Increased levels of insulin-like growth factor-1 (IGF-1)
and decreased levels of insulin-like growth factor-binding
protein-3 (IGFBP-3) or an increase in the ratio of IGF-1 to
IGFBP-3 have been reported to be related to
hyperproliferation, development and progression in several
common cancers, including breast, prostate, lung, colon and
esophagus etc. (6, 7). However, the role of both of these
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markers in cancer is variable and not fully understood with
conflicting evidences in the literature (8). The impact of IGF
family in HNSCC and its potential for novel IGF therapies
is unclear (9). Hence, we have been prompted to shed light
on the IGF-1 and IGFBP-3 expression in HNSCC patients
overall and with respect to the selected locations and the
potential clinical consequences and interactions.

Patients and Methods

Patient population. A total of 46 patients with histologically
proven diagnosis of HNSCC treated at the Department of
Otorhinolaryngology and Head and Neck Surgery, University
Hospital in Hradec Kralove were enrolled in the study that began
in July 2011 and closed for new patients accrual in December
2012. Clinicopathological data and follow-up information for all
the patients were available. Both smokers and non-smokers were
included in the study. Patients with other malignancies,
inflammatory and infectious diseases were excluded. The study
group comprised of HNSCCs of different subsites: oropharyngeal
(21 cases), hypopharyngeal (4 cases), and laryngeal (21 cases).
Tumor grade was evaluated following World Health Organization
(WHO) criteria and tumor staging was determined using the TNM
system of the International Union Against Cancer (10). Patients
were grouped into stage I-II and stage III-IV. Standard practice in
our University Hospital is the determination of the protein p16
expression status in HNSCC as an integral part of the final
histological diagnosis. Data relevant to grading, staging, p16 status
and other characteristics of cancers were retrieved from the
hospital’s information system. All participants were informed
about the research study and written informed consent was
obtained from each patient. The study was approved by the Ethics
Committee, University Hospital Hradec Kralove (number 201105
S14P). Treatment decision-making was based on the clinical status
of patients and on the grading and staging of tumors. All the
patients underwent surgery followed with radiotherapy or
chemoradiotherapy. The clinicopathological characteristics of the
study populations are shown in Table I.

Blood serum collection and procedures. Ten milliliters of peripheral
blood were drawn from every patient before surgery and from 28
patients 3 months after completion of treatment from 7 to 9 a.m.
using standardized phlebotomy procedures. Blood samples were
collected without anticoagulant into red top vacutainers and allow
to coagulate for 20 to 30 min at room temperature. Sera were
separated by centrifugation of blood for 10 min at 1700g. All
specimens were immediately aliquoted and stored at −80˚C until the
time of analysis.

Sample analysis. IGF-1 serum levels were measured by an
Immunoradiometric assay (IRMA) using the commercial kit IRMA
IGF-1 (Immunotech Beckman Coulter Company, Prague, Czech
Republic), with interassay Coefficient of variation (CV) of 6.8% at
a concentration of 25.0 ng/ml, and analytical sensitivity of 2.0 ng/ml.
The calibrators in the Immunotech IGF-1 assay were calibrated
against the international reference standard, WHO 87/518.

IGFBP-3 serum levels were measured using the
radioimmunoassay kit IRMA IGFBP-3 (DIAsource, Belgium), with
interassay CV of 6.23% at a concentration of 61.5 ng/ml, and
analytical sensitivity of 0.27 ng/ml. Both analyses were performed
with the Stratec SR 300 instrument.

Adjustment for age. The adjustment of serum levels at 60 years of
age was performed to avoid the misleading results of IGF-1 an
IGFBP-3 analyses. The age-specific reference values for serum IGF-
1, IGFBP-3 and IGF-1/IGFBP-3 ratio was established in healthy
Czech adults by using the linear regression model published by
Kucera et al. served as a guideline of the adjustment (11). 

Statistical analysis. The results obtained in our study were
statistically analyzed. The results for the subjects were given as the
mean±S.D. and median. Statistical significance between the
different variables was determined with the Spearman’s rank order.
The Wilcoxon two-sample test and Kruskal-Wallis test were used
for estimation of statistical significance for association between
serum levels of IGF-1 and IGFBP-3 and clinicopathological
parameters. p-Values less than 0.05 were considered as statistically
significant. Statistical analysis was carried out using SAS 9.23
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Table I. The clinicopathological profile of the study population.

Clinical variables                                             N                      %                           Prognostic variables                                      N                       %

Gender                                                                                                                     Histological grading                                       
   Male                                                             38                    82.6                             G1-2                                                          32                     69.6
   Female                                                           8                     17.4                             G3                                                              14                     30.4
Age (years)                                                                                                              TNM staginga                                                 
   ≤60                                                                28                    60.9                             I-II                                                             13                     28.3
   >60                                                                18                    39.1                             III-IV                                                         33                     71.7
Anatomic site                                                                                                          Local recurrenceb                                           
   Oropharynx and hypopharynx                   25*                  54.3*                            No                                                              33                     71.7
   Larynx                                                          21                    45.7                             Yes                                                             13                     28.3
Smoking habit                                                                                                         p16 status                                                        
   Non-smoker                                                  14                    30.4                             Positive                                                     17                     37.0
   Smoker                                                         32                    69.6                             Negative                                                    29                     63.0

aTNM Classification of Malignant Tumours, 7th edition (10); bfollow-up: 12-64 months; *inclusive hypopharyngeal cancers – 4 cases (8.6%).



software (Statistical Analysis Software release 9.3. SAS Institute
Inc., Cary, North Carolina, USA).

Results 

The median age at the time of diagnosis was 60 years (men
59.5, women 60) with range 46-85 years of age. IGF-1 and
IGFBP-3 levels decreased continuously with age. Serum levels
of studied markers before and after the adjustment for the age
of 60 years were statistically evaluated. IGF-1 serum
concentrations without adjustment were statistically
significantly higher in patients of ≤60 years of age
(p=0.0363), while no differences in IGF-1 levels adjusted on
age were revealed between age categories ≤60 and >60 years
(p=0.9481). All other statistical analyses, comparisons and
correlations, were performed with the adjusted data (Table II).

Comparison of studied marker rates in relation to clinical
variables of HNSCC patients. No significant differences in
the serum levels of IGF-1 and IGFBP-3, respectively, were
found in respect to selected clinicopathological variables,
e.g. sex (male vs. female), anatomic site (oropharyngeal
versus hypopharyngeal versus laryngeal), abuses (smokers
versus non-smokers), and TNM staging (stage I-II versus
stage III-IV). Only in laryngeal tumors significant
differences were found in adjusted IGF-1 levels between
men and women, the latter had elevated IGF-1

concentrations (p=0.0159). No statistically significant
differences between serum IGF-1 and IGFBP-3 levels were
found in HNSCC patients. 

Comparison of studied markers in relation to p16 status of
HNSCC. Statistically significant differences were found in
IGF-1 serum concentrations between patients with p16
positive and p16 negative HNSCC before and after IGF-1
levels adjustment (p=0.0197; p=0.0062, respectively), with
higher IGF-1 levels in p16 positive tumors (Figure 1; Table
II). No differences were found in IGFBP-3 serum levels and
IGF-1/IGFBP-3 ratio, respectively, between p16 positive and
p16 negative HNSCC.

Comparison of studied marker in relation to prognostic
parameters of HNSCC. Studied markers were analyzed in
relation to the prognostic parameters of HNSCC, notably
grading, recurrence, p16 status as well as to timing
(beginning and completion) of therapy (or treatment) (Table
II). In respect to the grade of tumors, IGF-1 levels adjusted
on age showed significant differences between low-grade
(G1, G2) and high-grade (G3) cancers only in larynx, with
elevated IGF-1 concentrations associated with grade G3
(p=0.0323). Oropharyngeal low-grade and high-grade
cancers did not show any differences in IGF-1 expression.

Taking all cancers together, recurrent HNSCC showed
significantly lower age-adjusted IGF-1 levels as well as IGF-
1/IGFBP-3 ratio compared with those without recurrence
(p=0.0364; p=0.0495, respectively). Focusing on site-
specific HNSCC, only oropharyngeal cancers (not laryngeal)
were associated with significant differences in IGF-1 levels
between recurrent and non-recurrent tumors (p=0.0101).
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Figure 1. Relationship of IGF-1 serum levels and p16 status (p16
positive versus p16 negative).

Table II. Comparison of IGF-1 serum levels in relation to selected
clinicopathological variables of HNSCC.

Parameter                                                                N   IGF-1 serum levels
                                                                                       (adjusted for age)

                                                                                         IGF-1      p-Value
                                                                                             level              

Grade (laryngeal cancer)
    G1-2                                                                    6          ↓          0.0323
    G3                                                                      15          ↑               
p16 status
    Positive                                                             17          ↑          0.0062
    Negative                                                            29          ↓               
Recurrence of HNSCC irrespective of subsites
    Yes                                                                     13          ↓          0.0354
    No                                                                      33          ↑               
Recurrence of oropharyngeal cancer
    Yes                                                                       5          ↓          0.0101
    No                                                                      16          ↑               
Therapy
    Before*                                                             46          ↓          0.0231
    After*                                                                28          ↑               

Abbreviation: ↑increased; ↓decreased. *Peripheral blood was drawn
from every patient before surgery and from 28 patients 3 months after
completion of treatment.



Statistically significant correlation was confirmed between
IGF-1 levels before and after treatment of HNSCC (r=0.51,
p=0.0072) with significantly elevated IGF-1 levels after
HNSCC treatment (p=0.0075; p=0.0231, respectively).

The significant relation of p16 expression to behavior of
HNSCC (recurrent versus non-recurrent tumors) was
confirmed in oropharyngeal cancers with better behavior
without recurrence in p16 positive tumors (p=0.0075).

Discussion

Levels of IGF-1 and IGFBP-3 are quite stable in circulation
with a gradual fall with age after puberty and with different
dynamics of the decline between females and males (11-13).
Adjustment of IGF-1 and IGFBP-3 for age, as mentioned
above, made it possible to perform more reliable interpretation
of results.

The IGF-1 signaling pathway regulates critical cellular
processes including differentiation, homeostasis and aging. It
involves IGF-1 ligand, transmembrane IGF-1R receptor and
downstream signaling molecules of two signaling branches:
PI3K-PDK1-AKT and RAS-RAF-MAPK pathways. The
dysregulation of IGF axis and its role in promoting cancer has
been investigated for many years (14). The higher serum levels
of IGF-1 and lower of IGFBP-3 are generally considered to be
linked to an increased risk, progression and mortality of many
malignant tumors, namely breast and ovarian cancers (8, 15,
16), prostate (17) and nasopharyngeal carcinomas (18).
Moreover, IGF axis can induce tumor-associated
lymphangiogenesis and promote lymphatic metastasis (19). The
monitoring of serum IGF-1 and IGFBP-3 levels was supposed
to be an important clinical tool and an emerging diagnostic and
prognostic marker (20). Regarding HNSCC, a limited number
of studies have focused on the serum and tumor tissue IGF-1
and IGFBP-3 levels (21). Although site-specific HNSCC may
have different pathobiologies (notably oropharyngeal and
laryngeal cancers), the majority of existing studies do not take
into account their different subsites of origin or alternatively
squamous cell carcinomas of the oral cavity and tongue usually
distinctly prevail in published papers (9, 22). In our cohort, we
aimed to make provision for tumor location, but no significant
differences in the serum levels of IGF-1 and IGFBP-3 between
separate anatomic sites were revealed. In contrast to the
logically increased IGF-1 and decreased IGFBP-3 levels in
many cancers, lots of conflicting results are known in HNSCC
(8, 15-18). Zhi et al. have described the trend for down-
regulation IGF-1, 2 and up-regulation of IGFPB-3 mRNA in
laryngeal cancer and Brady et al. reported lower circulating
levels of both IGF-1 and IGFBP-3 in patients with oral cancers
suggesting different pathobiology of carcinoma in these
particular locations (21, 22). Additionally, Limesand et al.
published the controversial correlations (both positive and
negative) between IGF-1/IGF-1R levels and clinical outcomes

of HNSCC (9). The above mentioned conflicting evidence on
the pattern of IGF-1/IGFBP-3 expression are in concordance
with some of our findings of significantly higher IGF-1 serum
levels in tumors after therapy, in p16 positive cancers and with
significantly lower IGF-1 expression in recurrent HNSCC (9,
21, 22). However, Wu et al. in 2004 have found in their study
the potential role of the elevated serum levels of IGF-1 and the
deregulated (high or low) IGFBP-3 levels as predictors of the
risk to develop second primary tumors in the patients with
HNSCC (23). Although the majority of published studies are
focused on IGFBP-3, recently there is a growing interest in
IGFBP-5 levels and its suppressive effect on the carcinogenesis
in HNSCC (24). 

p16 positivity in HNSCC is consider to be a surrogate
marker of the high-risk HPV (HR-HPV) infection and p16
positive oropharyngeal HNSCCs are known to have a better
prognosis (3, 5, 25, 26). Therefore in our cohort of HNSCC,
p16 status was established instead of HPV positivity/
negativity. We found significant correlation between p16
positivity and oropharyngeal carcinomas without recurrence
(p=0.0075). However, the significant correlation between
elevated IGF-1 serum levels and p16 positive tumors in our
study is contradictory to expected better prognosis of these
tumors (27). Therefore the interactions between HPV/p16
and members of IGF family and their specific role in
pathogenesis and progression of HNSCC require the further
examination. In the most common HR-HPV related cancers,
cervical and HNSCC, differential expressions within IGF
pathway are evident (28). Taking together, it is our
hypothesis that the interactions between IGF family and viral
infections exist and seem to be tumor and virus specific. 

In respect to the IGF axis and cigarette smoking habit,
Kaklamani et al. have shown a significant reduction in the
mean IGFBP-3 concentrations in cigarette smokers (29). No
similar study of the relationship between the expression of
IGF family members and smoking in patients with HNSCC
was found in the literature. IGF-1 and IGFBP-3 levels did
not show any significant differences between HNSCC
patients – smokers and non-smokers in our study.

Notwithstanding that the IGF system was confirmed to play
a key signaling role in the development and progression of many
types of cancer (14), the significance of IGF machinery in
HNSCC and other malignancies is controversial (20). Moreover,
the assessment and comparison of some results are difficult since
they are influenced by the size of the study populations, the
study design as well as cancer sites (20). In addition, some of
the tumors have shown missing or inverse correlation between
IGF-1 levels and risk of cancer development and progression
(30, 31). This fact might be explained by numerous external and
internal influences modifying the IGF axis efficiency, notably
microRNAs, genetic and epigenetic events and crosstalk between
IGF-1 system and estrogens etc. (32, 33). Further impacts,
namely viral infection, alcohol consumption and cigarette
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smoking are supposed to influence IGF-1 serum levels with
ambiguous results (17, 34). In respect to viral infection, the
interference between viruses, namely hepatitis C virus (HCV),
and human papillomaviruses (HPVs), and IGF axis have been
documented (28, 35, 36). Mechanisms of the IGF deregulation
in HCV/HPV associated cancer have not been fully understood
(28, 35, 36). Briefly, the relationship between IGF-1 family
members and different stages of chronic hepatitis C, liver
cirrhosis and HCV-associated hepatocellular carcinogenesis
(HCC) has been studied and decreased tissue IGF-1 expression
in all pathologic processes has been revealed (37, 38). In HCC,
the increased cell proliferation was associated with increased
synthesis of IGF-2 and IGF-1R activation probably mediated by
HCV protein that could have a role in different splicing profiles
of IGF-1 genes (36). Similarly, an interplay between IGF
members family and oncogenic HR-HPV infection has been
described. In the uterine cervix surprisingly the increased IGF-1
serum levels were significantly associated with reduced risk of
HR-HPV cervical cancer transformation. This effect is hard to
explain (17, 39). Mannhardt et al. confirmed that the E7
oncoprotein produced by the HR-HPV inactivates the IGFBP-3
in circulation and consequently supports the up-regulation of
IGF-1 levels (40). Polanska et al. recently presented the results
of their study focused on the effect of HPV on expression levels
of selected tumor markers in HNSCC. Significantly higher
expression of MMP9 (p=0.02), VEGFA (p=0.02), and other
markers was found in HPV-negative tumor tissues (41).
Although IGF-1 analysis was not included in their study, the
deregulations of IGF family expression seem to be also very
probable in HPV infected tumors. The detailed investigation of
the IGF axis could provide new insight into the pathobiology of
HNSCC with respect to the patient/tumor characteristics and the
potential future perspectives for novel IGF therapies to extend
current molecular - targeted treatment options (42, 43). 

Conclusion

In conclusion, many controversial or non-significant results
described in our study as well as those presented by other
authors indicated a less clear role of IGF axis in the pathogenesis
and progression of HNSCC. We are aware of some limitations
of our study (e.g. small number of samples, the short follow-up
time) that may have influenced results. We made an attempt to
eliminate some drawbacks and to standardize the study by
adjustment and detailed clinicopathological analysis of the
HNSCC cohort. However, it is our hypothesis that the
contradictory and ambiguous results of the present study may
also reflect some abnormality of IGF axis regulation in HNSCC
and the influence of other etiopathological factors (e.g. smoking,
HPV infection). Therefore larger scale are required to determine
the exact role of the IGF axis and serum IGF-1 and IGFBP-3
levels and to evaluate their promising emerging prognostic and
predictive potential in HNSCC. 
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