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Abstract
Background: Detection rates of early-stage lung cancer are traditionally low, which contributes to inconsistent
treatment responses and the highest rates of annual cancer deaths in the U.S. Currently, age and smoking
history are the primary factors that qualify patients for low-dose computed tomography (LDCT) screening,
which contributes heavily to a high false discovery rate. This limitation to the current screening paradigm has
prompted research to identify biomarkers that will help more clearly de�ne eligible patients for LDCT
screening, differentiate indeterminate pulmonary nodules, and select individualized cancer therapy.
Biomarkers within the Insulin-like Growth Factor (IGF) family have come to the forefront of this research.

Methods: Literature available through PubMed and Google Scholar sources was cataloged using keywords:
{Lung Cancer} AND {IGF} AND {Risk OR Diagnosis OR Prognosis OR Prognostication OR Treatment}. The
results were summarized and provided herein.

Results: Multiple biomarkers within the IGF family (or axis) have been investigated, most notably IGF-I and IGF
binding protein 3 (IGFBP-3). However, newer studies seek to expand this search to other molecules within the
IGF axis. Results have differed, however, due to features such as the pre-disease variable expression of IGF-I
and IGFBP-3, likely promoted by factors such as obesity and smoking history. Certain studies have
demonstrated these biomarkers are useful as a companion test alongside lung cancer screening, but other
�ndings were not as conclusive, possibly owing to measurement bias from pre-analytical variables and non-
standardized assay techniques. Research also has suggested IGF biomarkers may be bene�cial in the
prognostication and subsequent application of treatment via systemic therapy. Despite these advances,
however, additional knowledge as to the intricacies of regulatory mechanisms inherent to this system are
necessary to more fully harness the potential clinical utility for diagnostic tests and to identify novel targets
for therapeutic intervention.

Conclusions: The IGF system likely plays a role in multiple phases of lung cancer; however, there is a surplus
of con�icting data, especially prior to development of the disease and during early stages of detection. IGF
biomarkers may be valuable in the screening, prognosis, and treatment of lung cancer, though their exact
application requires further study.

Background
Lung cancer is the leading cause of cancer deaths in the United States, with an estimated 236,000 new
diagnoses and 132,000 deaths expected in 2021.1 It is well established that lung cancers may present with a
wide variety of phenotypic and mutational heterogeneity not only across the range of the disease, but also
within speci�c histological subsets, such as lung adenocarcinoma. Yet, current modalities for screening and
treating lung cancers employ broad guidelines that often do not account for the aforementioned molecular
heterogeneity or tumor immune microenvironment, both of which may be of great importance for diagnostics
and treatment plan formulation. Currently, screening for lung cancer is predicated almost exclusively on age
and smoking history, while prognosis and treatment are dependent on the TNM (tumor, node, and metastasis)
staging system. In more recent years, expansions to these treatment algorithms have developed as speci�c
‘driver mutations’ within cell-signaling pathways, such as EGFR, KRAS, and ALK, have been associated with
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‘targeted’ therapeutic approaches. The pathophysiology of cancer, however, is known to be signi�cantly more
complex than even these systems acknowledge. The identi�cation of numerous circulating biomarkers that
attempt to provide further classi�cation of these tumors promises the exploration of a new frontier in the
screening and prognostication for a variety of cancers. The insulin-like growth factor (IGF) and other members
of the IGF pathway, in this context, will be the point of this article.

Methods
Literature available through PubMed and Google Scholar sources was cataloged using keywords: {Lung
Cancer} AND {IGF} AND {Risk OR Diagnosis OR Prognosis OR Prognostication OR Treatment}. Manuscripts
generated by these search strings were evaluated by the authors for relevance and summarized. The primary
objective was to de�ne progress in the use of members of the IGF axis of circulating factors that may aid
clinical decision making.

Results
The IGF pathway is an intricate, multi-tiered dynamic of ligands, receptor types, and cell-signaling cascades
with multiple levels of regulation. Two insulin-like growth factors, IGF-I and IGF-II, play a central role in this
system along with six main IGF binding proteins (IGFBPs). The IGFBPs generally regulate the actions of IGF,
most commonly in an inhibitory manner upon sequestration of IGF-I from the IGF-1 receptor (IGF-1R). However,
IGFBPs also modulate the activity of IGF at the receptor, thereby extending its half-life in circulation, controlling
its egress from the vasculature, and in�uencing its clearance.2–4 IGFBPs likely also independently regulate
receptor activation and downstream signaling. IGFBP functions are summarized in Table 1, although it is
important to note that ongoing research into their full functions is ongoing.
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Table 1
IGFBP Functions and Major Sites of Expression5–8

IGFBP Function Major Sites of
Expression

1 Mostly inhibits DNA synthesis, cell growth, and differentiation.
Potentiates IGF-1 action when combined with platelet-poor plasma or
certain cancer cells.

Liver, placenta, and
endometrium

2 Weakly potentiates and inhibits IGF activity. Liver, pancreas,
nervous system

3 Transports 90% of IGF in circulation. May sequester IGF, thus causing
apoptosis. May also directly bind cell surface receptors, causing altered
gene expression and altered a�nity for IGF cell receptors. Functions
change due to the surrounding environment (i.e., IGF levels or available
cell receptors and targets)

Placenta and in large
quantities in
circulation.

4 Mostly inhibits IGF as well as growth of many cancers (i.e. colon
cancer); donor in presence of PAPP-A

Widely expressed
throughout the body,
especially in ovary
and liver.

5 Has inhibitory, stimulatory, and independent effects throughout the
body, especially in the musculoskeletal system.

Testis, ovary,
trabecular meshwork,
bone, lung, uterus,
placenta.

6 Mostly inhibits IGF-II and cancer growth. Highest expression is
in
gonadal/reproductive
tissue.

Lung cancer tissue has been well documented to differentially express multiple molecules within the IGF axis,
including enhanced production of IGF-I, IGF-II, and IGF-1 receptor (IGF-1R), and lower expression of IGFBP-3.9-

10 Modulated expression of these molecules are highly associated with aggressive disease and poor clinical
outcomes.11 However, recently they have also been implicated in lung tumorigenesis.12 IGF navigates its
numerous effects through ligand-receptor binding and multiple downstream signaling events that increase cell
proliferation, protein synthesis, and inhibition of apoptosis.13-17 An overview of relevant portions of this
pathway is shown in Figure 1. The interplay between IGF, its binding proteins, the resultant effects on IGF
function, and the contributions of other members of the cellular environment constitute a complex system. It is
this dynamic that lends great depth, di�culty, and promise to the study of the IGF system in cancer.

IGF Biomarkers and Risk of Developing Lung Cancer
Delineating the risk of lung cancer development is the most important factor for the prevention and screening
of the disease. Currently, the primary means of lung cancer prevention is accomplished via smoking
abstention or cessation and is further supplemented by early diagnosis via low-dose CT (LDCT) radiography to
help reduce mortality.18 However, LDCT scans are largely restricted to those with broad risk factors for
development of disease, including age and smoking history. Due to these relatively simpli�ed metrics, high
numbers of false positive results are recorded (the false positive rate per screening round was 23.3% in the
original National Lung Screening Trial (NLST)), leading to the pro�igate consumption of resources, expansion
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of healthcare costs, and prescription of unnecessary invasive procedures (1.8% of NLST participants with a
false positive result).18 There is a need, therefore, for the designation of more speci�c risk factors that may
predict the future development of lung cancer. One possibility is the use of biomarkers, such as those found
within the IGF pathway. The current evidence for the selection of members of the IGF pathway as viable
signposts for lung cancer diagnoses is unclear, and the lack of published reports speci�cally designed to
measure IGF pathway family member levels prior to the diagnosis of disease presents an obstacle. In this
section, only evaluations of blood samples acquired prior to diagnosis of disease, which thus assessed the
actual risk of development of the cancer rather than the detection of an existing cancer, will be discussed.
Establishing such experimental design parameters, unfortunately, limits the available pertinent data in the
literature for a true meta-analysis, which is further complicated by con�icting results.

One prospective case-control analysis found a statistically signi�cant, inverse association between IGF-I and
the development of lung cancer in ever-smokers (HR=0.91; 95% CI, 0.86-0.96).19 Multiple other presentations,
however, reported no statistically signi�cant correlation between IGF-I levels prior to diagnosis and the onset of
the disease.10,20−22 Two of these studies did demonstrate an elevated risk of lung cancer development with
increased IGF-I levels, but the results were not statistically signi�cant.20,23 An inverse relationship between IGF-
I levels and lung cancer development was described in a different paper, but this aspect ceased to be
statistically signi�cant after accounting for body mass index (BMI) and smoking history.21 As such, no
de�nitive relationship between IGF-I levels and the development of lung cancer has been proposed. Also, the
non-statistically signi�cant nature of apparent associations upon the inclusion of additional criteria, such as
BMI or smoking history, signals a host of external factors likely in�uence IGF-I concentration prior to disease
occurrence and contribute to its variable and complex expression pattern.

Five of the six previously mentioned articles also checked IGFBP-3 levels. Similar to IGF-I, no consensus was
maintained among the accounts concerning how IGFBP-3 affects the development of lung cancer. An inverse
relationship between IGFBP-3 and lung cancer in ever-smokers was offered in two papers, whereas another
investigation revealed augmented IGFBP-3 correlated with advancement of lung cancer.10,20,23 The remaining
two studies demonstrated no statistically signi�cant tendency between IGFBP-3 and initiation of lung
cancer.21–22 One of these trials also measured IGFBP-1 and IGFBP-2 levels, which were concluded to not be
signi�cantly related with development of lung cancer in women.22 For reference, Table 2 summarizes several
of these �ndings: 
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Table 2
Results of Studies on Risk of Development of Lung Cancer.

Author Year Design Cases Controls Time from
Sample to
Diagnosis

IGF-I vs.
Risk of Lung
Cancer

IGFBP-3 vs.
Risk of Lung
Cancer

Spitz, et
al.20

2002 Nested
Case-
Control

159 297 3+ years Inverse
associationa

Highest
quartile had
increased
risk

London,
et al.10

2002 Prospective
Case-
Control

230 659 0+ & 2+
years

NS Inverse
associationb

Qian, et
al.19

2020 Prospective
Cohort

1695 ever smokers;
301 never smokers

0+ years Inverse
associationb

-

Ahn, et
al.21

2006 Nested
Case-
Control

200 400 5+ years NSc NSc

Lukanova,
et al.22

2001 Nested
Case-
Control

93 186 6+ months
&

3+ years

NS NS

Ho, et
al.23

2016 Nested
Case-
Control

1143 ever
smokers

1143 1 year NS Inverse
association

NS = Not signi�cant; a Reported result of those below the age of 60 when controlling for IGFBP-3 levels; all
other strati�cations were not statistically signi�cant. b Result seen only in ever smokers; c Signi�cant
difference seen until adjustment for BMI and smoking history

Another meta-analysis examined common polymorphisms within the IGF axis, �nding that certain patients
had a predisposition to lung cancer due to genetic variations in IGF-I, IGF-II, IGF-1R, IGFBP-3, and IGFBP-5.24

However, on subgroup analysis, the study found that this outcome was only present in the Asian population,
population-based studies, hospital based studies, and PCR-RFLP (restriction fragment length polymorphism)
studies, and it was not present in the Caucasian population. Therefore, this study further points towards the
complexities of the IGF system prior to the development of cancer including how patient demographics and
genetic make-up may in�uence it.

While additional research may provide greater clarity and perspective, current evidence intimates IGF markers
are not bene�cial in the determination of lung cancer risk, possibly due to the cross-talk of the IGF signaling
pathways with other cascade highways, the impact of environmental, lifestyle, and genetic factors, or
unknown stimulatory/inhibitory agents prior to the development of lung cancer.

IGF Biomarkers and Lung Cancer Screening
The publications of the NLST results still prompted the National Comprehensive Cancer Network to
recommend the administration of LDCT as the preferred screening application for the detection of lung cancer
for appropriately selected high-risk patients.18,25 Due to the high false positive rate, the International
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Association for the Study of Lung Cancer (IASLC) and the Strategic CT Screening Advisory Committee (SSAC)
advised the utilization of blood-based biomarkers to assist current LDCT screening.26 Multiple efforts to
establish a “liquid biopsy” capable of reducing false-positives screens, prognosticating risk of developing
cancer, and navigating patient care have been initiated. Of the potential biomarkers identi�ed, candidates
within the IGF pathway have emerged as contenders. However, the literature is replete with non-standardized
techniques and con�icting results, causing di�culty in formulating de�nitive conclusions at this time.

Despite, IGF’s apparent lack of utility in determining risk of lung cancer, multiple reports have discovered
elevated serum or plasma IGF-I concentrations in patients with existing primary lung cancers.27–32 Four
investigations were cross-sectional, and two prospective cohort studies totaled approximately 500 case
subjects. Participant serum or plasma was analyzed via enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), or immunoradiometric assay (IRMA), with the majority of the trials analyzing serum
samples via ELISA. Most inquiries encompassed non-small cell lung cancer (NSCLC), while one investigation
also included small cell lung cancer (SCLC).28 The key message from these interrogations was the apparent
elevations in IGF-I levels in relation to tumor size, advanced tumor stage, and metastatic propensity. A
statistically signi�cant difference between histological subtypes of lung cancer was not revealed.

Trials that concerned IGFBP-3 typically described lower levels of the binding protein in all lung cancers. Also,
heightened differences were observed between IGF-I and IGFBP-3 levels in control participants compared to
enrollees who had a higher T stage; revealed cancer of the lymph nodes; and demonstrated evidence of
metastases.33,30−32 A synopsis of the results stipulates IGF-I generally increases with lung cancer, especially
individuals diagnosed with advanced disease, while IGFBP-3 decreases. This phenomenon may be a
consequence of the ability of IGFBP-3 to bind IGF-I, thereby suppressing its proliferative and anti-apoptotic
functions. Therefore, a coinciding reduction of IGFBP-3 and elevation of IGF-I may permit increased tumor
growth to occur. Although the cause-effect dynamic of these two potential biomarkers and the instigation of
cancer is still not well-established, the cited studies seemingly suggest the future employment of these
biomarkers for screening in lung cancer.

This relationship is not as obvious, however, as the above citations may surmise. Other publications contradict
the previously mentioned generalization with reports of lower concentrations of IGF-I in the serum of lung
cancer patients.33–34 Notably, one of these counterposing papers included a much larger patient sample size
than the encounters listed above (224 case subjects and 123 controls), indicating a greater statistical power.33

This manuscript, similarly, demonstrated highly signi�cant (p<0.001) lower circulating levels of IGF-II, IGFBP-3
and IGFBP-5 in the plasma for screening cases with malignancies versus those with benign pulmonary
nodules. Further and more intensive analyses, therefore, are necessary to dissect any relationship or
concentration-dependent conjunction of these putative members of the IGF family. A 2012 meta-analysis
examined the data from six nested case-control groups and eight case-control studies to discern the
association between IGF-I and IGFBP-3 levels and the presence of lung cancer. No statistically signi�cant
correlation between IGF-I levels and the presence of lung cancer was detected. The analysis did, however,
indicate a statistically signi�cant, inverse relationship between IGFBP-3 levels and the existence of lung
cancer.35 Although a reconciliation of the discrepancy presented in prior publications for IGF-I levels was not
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achieved, the consideration of IGFBP-3 as a potential biomarker for lung cancer was further supported. Table 3
lists a brief summary of major papers on this topic.

Table 3
Results of Papers Studying Detection of Lung Cancer

Author Year Design Cases Controls Sample Method IGF-I
Status

IGFBP-
3
Status

Tisi, et
al.29

1991 Cross-
Sectional/
Cohort

46 38 Serum RIA ↑ -

Wang, et
al.31

2013 Cross-
sectional

57 17 Serum ELISA ↑ ↓

Fu, et
al.27

2013 Prospective
Cohort

80 45 Serum ELISA ↑ -

Izycki, et
al.28

2004 Prospective
Cohort

38 10 Serum ELISA ↑ -

Reeve, et
al.34

1990 Cross-
Sectional

52 63 Serum RIA,
IRMA

↓ -

Yu, et
al.32

1999 Cross-
Sectional

204 218 Plasma ELISA ↑ ↓d

Cao, et
al.35

2012 Meta-
Analysis

401 343 Mixed (mostly
Serum)

RIA,
ELISA,
IRMA

NS ↓

Kubasiak,
et al.33

2014 Cross-
Sectional

224 123 Mixed
(serum/plasma)

Luminex ↓ ↓

NS= Not signi�cant; RIA= Radioimmunoassay; ELISA= Enzyme-linked immunosorbent assay; IRMA=
Immunoradiometric assay

↑ = Higher levels seen in lung cancer

↓ = Lower levels seen in lung cancer

d Result after adjustment for IGF-I level

Considerable concerns underlying the aforementioned results must be noted. These disclaimers include the
combination of data from a number of trials that isolated serum and plasma with different protocols and the
incomplete description of the methodology (duration of sample storage prior to centrifugation; types of
reagents that dissociated the IGF from its binding partner; the possible application of IGF-II to prevent re-
association; etc.) had a signi�cant impact on analytical results. That is, pre-analytical variables in the matrix
of choice have been shown to alter IGF-I level measurement.36 Although serum and plasma are similar in
composition, plasma includes the soluble proteins responsible for blood clotting, whereas blood that has
undergone the myriad of proteolytic steps that constitute the clotting cascade forms serum. Additionally,
speci�c details of procedures and types of anti-coagulants may vary, possibly in�uencing which metabolites



Page 9/20

may remain in the processed sample. One study indicated data point reproducibility is high within the same
procedure, but serum tends to contain higher metabolic concentrations than plasma and is thus more
sensitive for biomarker analysis.37 A separate paper speci�cally showed the effect elicited by different
isolation procedures: Samples were either treated with an acid extraction solution that induced IGF-IGFBP
complex dissociation as a method to detect total IGF-I in the blood, serum, or plasma or remained untreated.
The unextracted (non-dissociated) serum contained markedly elevated IGF-I when compared to controls, while
the extracted (dissociated) serum did not, suggesting a signi�cant source of potential measurement bias.34

Such a fundamental difference either between serum and plasma or the protocols applied to them may
account for some of the variance between studies and create complications in the comparison or combination
of current data sets. Current practice makes unextracted serum inappropriate for IGF measurement, but much
of the current data was gathered prior to this normalization. 

In 2011, the �rst international consensus statement on the measurement of IGF was released.38-39 The
consortium encouraged the uniform use of the IS 02/254 WHO reference standard for IGF assays, the choice
of serum for test samples, a delay of no more than two hours from blood acquisition to centrifugation, the
commitment to a validated method for preventing IGFBP interference, and the consideration of multiple IGF
measurements due to intra-individual imprecision. Therefore, as more studies are performed with consistent
adherence to these guidelines, it is possible less discordance will exist among the data, and a more clearly
de�ned role for IGF biomarkers in lung cancer screening will develop.

Biomarker research in recent years has shifted towards the use of IGFBPs outside of IGFBP-3, which may
potentially widen the array of biomarkers within the IGF system for lung cancer detection. A 2021 study found
higher levels of IGFBP-4 in all stages of disease and histologic subgroups of lung cancer when compared to
healthy individuals. It is also important to note that pregnancy-associated plasma protein A (PAPP-A) has
proteolytic activity on IGFBP-4, so the study also measured these levels. Although PAPP-A levels did appear to
be higher in untreated lung cancer patients when compared to healthy controls, these results were not
statistically signi�cant.40 Additionally, IGFBP-2 has been studied in association with anti-IGFBP-2
autoantibodies in lung cancer. Notably, the highest sensitivity (85.7%) of these biomarkers for the diagnosis of
lung cancer was seen when the autoantibodies and IGFBP-2 were used in combination.41 A 2014 study that
measured levels of IGF-I, IGF-II, and IGFBPs 1-7 found that IGFBP-5 and IGF-II levels were higher in benign
tumors than in NSCLC.33 Based on these recent studies, it is clear that the IGF system is full of potential
biomarkers that warrant further study outside of the previously mentioned IGF-I and IGFBP-3. 

Due to the complexity of the IGF system, the complexities and indeterminate nature of the tumor immune
microenvironment, and the intricate interplay between the two, a few laboratories have attempted to
manufacture panels of biomarkers that can better detect lung cancer. One group obtained 122 samples from
patients with NSCLC and compared them to 225 healthy control samples.42 Thirty previously tested analytes
that demonstrated promise as biomarkers were determined via the random forest method. The top �ve ranked
biomarkers, IGF-I, A1AT, CYFRA 21-1, RANTES, and AFP, were incorporated into a multi-analyte panel. This
collection was then applied to a validation cohort of 21 NSCLC patients and 28 healthy control patients, in
which it distinguished NSCLC patients from control patients at approximately 90% accuracy.42 Another team
speci�cally investigated the difference in levels of IGF-I, IGF-II, and IGFBP 1-7 between patients diagnosed with
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NSCLC (n=224) and participants with benign pulmonary nodules (n=123), as discovered on low-dose CT
scans.33 Analysis of differences in the IGF pathway biomarkers of the two cohorts spurred the application of
samples into a multi-analyte kit constituting IGFBP-4, IGFBP-5, IGF-II, interleukin-6, interleukin-10, interleukin-1
receptor antagonist, and the stromal cell-derived factor-1 (SDF-1a+b). This test produced a negative predictive
value of 100% on validation.33 These studies add credence to the idea that increased usage of IGF pathway
biomarkers may increase the utility of biomarker panels in lung cancer screening. However, additional and
larger studies will be needed to corroborate these �ndings and to solidify the predictive capabilities of their
levels.

IGF Biomarkers and Prognosis in Lung Cancer
In addition to screening, a number of possible members of the IGF pathway have been postulated as having
potential prognostic or predictive value pertaining to disease progression or treatment e�cacy. Although IGF-I
and IGFBP-3 have been emphasized regarding the categories of lung cancer risk and associated screening,
additional biomarkers emerge during the course of the disease that may also accurately convey such an
appraisal, including other IGFBPs, insulin receptor substrate (IRS)-1, IRS-2, and IGF-1R.

The reduction of the IGF-I/IGFBP-3 ratio in NSCLC patients who responded to �rst-line treatment suggested
such a metric could be a valuable predictor of response to chemotherapy in these patients.43 The association
of high IGF-I levels with advanced stage disease, larger tumor diameter, and shorter survival was also
indicative of these characteristics. Additionally, patient IGF-I levels were depressed following resection of
NSCLC tumors, further demonstrating IGF-I as a prognostic biomarker that could be measured throughout the
course of disease.9 Increased IGFBP-3 levels prior to treatment with irinotecan and cisplatin chemotherapy
were a�liated with improved prognoses in NSCLC patients with advanced disease, implicating a potential role
of IGFBP-3 as a predictive biomarker.44

The mediation of the expression of signaling components by IGF-I may be related to phenotypic
transdifferentiation of the cancer cells via the epithelial-to-mesenchymal transition (EMT) spectrum, whereby
tumor cells tend to lose adhesion to surrounding cells, thus increasing motility, invasion and metastasis of
epithelial tumors.45–46 The elevation of IGF-I and IGF-1R and their resultant interaction appears to up-regulate
the PI3K/AKT/NF-κB pathway with the concomitant activation of ZEB2 and SNAIL1, altering protein
expression and the EMT phenotype in certain lung cancers.45 The extended interplay of stimulatory and
inhibitory checkpoints of the intracellular avenues of the IGF pathway is certainly more heavily regulated and
interspersed with cross-pathway entrance ramps than such simpli�ed explanations imply, but a full discussion
of this pathway and the differences between cancer types is beyond the scope of this review. The general
concept persists, however, of a paradigm in which IGF-I may directly effect the expression of other members of
the IGF system, which may subsequently be used to determine overall prognosis and response to future
treatments.

Additional potential candidates that may develop during the course of disease include IGF-IR, IRS-1, and IRS-2.
Multiple meta-analyses of NSCLC patients correlated augmented expression of IGF-1R with worse disease-free
survival (DFS).47–48 No description, however, was delineated between overall survival (OS) and IGF-1R levels in
NSCLC and SCLC. It is speculated inconsistencies in IGF-1R measurement techniques and variance of
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treatment between patients may have impacted the lack of �ndings in relation to OS.47 Another study
highlighted the coincidence of IRS-1 suppression and IRS-2 elevation, both signi�cant substrates of IGF-1R,
which was associated with worse outcomes in NSCLC.49

As previously mentioned, most IGFBPs exhibit some utility in prognostication as well. One study linked IGFBP-
1 to poor OS in lung adenocarcinoma.50 IGFBP-1 was evaluated in a seven-analyte panel to identify patients
with disease recurrence following resection of node-negative NSCLC tumors that were less than 4 cm in size.
The panel proved to be 91% sensitive and had a negative predictive value of 83%.51 Multiple papers have
demonstrated that higher levels of IGFBP-2 are associated with worse OS in lung adenocarcinoma, squamous
cell carcinoma, and small cell carcinoma, and these higher levels are associated with increased rates of
metastasis and higher staging.50,52−53 However, one of these studies did associate high IGFBP-2 levels with
favorable OS in patients with squamous cell carcinoma.50 Results for IGFBP-4 have shown some discrepancy
between in vivo and in vitro studies. Two in vivo studies indicated poor prognostic associations with IGFBP-4,
including worse OS and shorter median survival.50,54 In vitro studies have shown anti-tumor effects of IGFBP-4
in NSCLC.55 Multiple studies showed an inverse association between IGFBP-5 and prognostic indicators,
including OS in patients with lung squamous cell carcinoma, nodal status, and disease recurrence, and
recurrence-free survival.50,56 High IGFBP-7 was also associated with spread to regional lymph nodes, but was
dissociative with respect to recurrence-free survival.56–57 Finally, IGF2BP3 has shown an association with poor
OS in lung adenocarcinoma.58–59 Though previous investigations insinuated some viability of IGFBPs in the
prognostication of lung cancer, expanded clarity and a more extensive mapping of which IGFBPs are the most
effective and potent markers for the prognostication of different types of lung cancer still remains to be
ascertained. Future cases must concentrate on the concatenation of prognoses with regard to treatment
strategies.

The ability of IGF biomarkers to serve as chaperones to the response to speci�c therapies has been proposed.
For example, IGF-independent effects have also been observed in lung cancer resistance. IGFBP-2 appears to
stimulate growth and is aligned with NSCLC resistance to dasatinib, a tyrosine kinase inhibitor (TKI), a group
of drugs that interfere with tyrosine kinases, enzymes responsible for the propagation of cell signaling
pathway activation.60 Decreased IGFBP-3 in the peritumoral environment in NSCLC establishes a resistance to
EGFR-TKIs, such as ge�tinib and erlotinib, as well as cisplatin-resistant tumors. Also, diminished IGFBP-7
imbues NSCLC tumors with apparent cisplatin-resistant attributes.61–63 Such evidence supports the notion
that the presence or absence of IGFBPs may predict tumor response to selected therapies.

IGF-1R is also predictive of response to treatment, as demonstrated by the apparent up-regulation in IGF-1R in
patients with NSCLC who have developed a resistance to ge�tinib, an epidermal growth factor tyrosine kinase
inhibitor (EGFR-TKI).64 It has been postulated this activation of the IGF system is a reactive compensatory
mechanism due to the inhibition of EGFR by ge�tinib. The exact nature of the cross-talk between these classic
signaling cascades is likely a more complex interplay that is further confounded by the participation of the
underlying tumor immune microenvironment. Also, the aforementioned IGF-1R-induced EMT may instigate
resistance to erlotinib, another EGFR-TKI.65 The accumulation of the data thus posits IGF-1R levels may help
predict treatment response to a number of EGFR-TKIs.
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The action of the putative inhibitor of IGF-1R as it relates to chemotherapeutic responsiveness has also been
elaborated. The inhibitory hindrance of IGF-1R allowed ge�tinib to reclaim some of its apoptotic and anti-
proliferative properties in ge�tinib-resistant NSCLC cell lines.66 Similar �ndings relevant to circulating
members of the IGF axis were also noted in the literature.67 More recent human trials of a number of different
IGF-1R inhibitors, however, display con�icting results. It is important to note that more than ten IGF-1R
inhibitors, with varying structures/mechanisms, including TKIs and monoclonal antibodies, have been applied
in clinical trials. The combination of these inhibitory factors with different chemotherapy agents has sparked
varying degrees of success. Most of these trials did not reveal great e�cacy in the treatment of lung cancers;
however, patients typically were not selected based on speci�c biomarker levels.68 For example, a cohort that
combined Figitumumab, a monoclonal antibody targeting IGF-1R, with paclitaxel and carboplatin to combat
advanced NSCLC generated greater progression-free survival in patients with squamous cell carcinoma during
phase 2 trials, but increased deaths of subjects in phase 3 trials. The division of patient groups by the level of
expressed IGF-I yielded two distinct groups: Patients with higher IGF-I levels had better outcomes and OS
relative to the control group, while participants with low IGF-I levels showed worse OS compared to the control
group.69 A predictive pattern regarding IGF-I-associated response to treatment was therefore pronounced, and
the corresponding selection of the proper patient populations for use, as well as an identi�cation of a
contraindication may be applicable in certain patients.

Although the �uid cause-effect ecosystem between IGF signaling cascades and chemotherapy resistance
glides between cresting and crashing waves of stimulation and inhibition that seem to simultaneously
augment and cancel each other, many of these biomarkers may be clinically practical for the prediction of the
response in targeted or individualized therapies.

Discussion
The role of the IGF pathway in the development, recurrence, or defeat of lung cancer, and its corresponding use
in prediction, detection, and prognostication of disease is at the nexus of complex signaling cascades,
numerous external factors, and a host of genomic, proteomic, and metabolomic parameters. This review
examined a collection of previous studies that analyzed IGF pathway molecules as potential biomarkers for
risk of development of disease; unfortunately, has neither been able to conclusively describe the de�nitive
actions of such molecules, nor resolve the signi�cance of the pathway with respect to the disease onset or
progression. Despite the acknowledged limitations, the inclusion and combination of members from the IGF
axis in panels of biomarkers and with LDCT scans have strengthened the e�cacy of lung cancer detection
methodologies and show great promise for inclusion in biomarker panels aimed at improved clinical decision
making. Nevertheless, further research with a focus on a wider range of molecules within the IGF system and
larger sample sizes are required to con�rm these results. Until the coordinated integral standardization of
assay protocols has been implemented, re�ned, and incorporated into large-scale and generalizable studies,
the current data is merely a source of speculative guidance regarding real-world treatment tactics and
strategies. If such procedural advancements do occur, the realization of IGF biomarkers as potential
ambassadors of therapy or agents of surveillance against and of the disease could radically alter the
landscape of lung cancer diagnostics, prognostics, and treatment. Such aspirations can only be achieved with
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continued federal funding to support further research, development, and implementation of these systems into
lung cancer detection and treatment modalities.

Conclusions
The IGF axis encompasses a range of circulating and cell-surface molecules that represents one of the central
pathways in metabolic regulation with demonstrated signi�cance to tumor biology. Biomarkers from this
pathway, likely as a member of a complex panel of biomarkers aimed at evaluating multiple facets of tumor
behavior, have great promise to contribute to our ability to guide clinical decision making in lung cancer
detection and prognostication. Delineating the nuisances of this system in a disease-speci�c manner with
greater insights into biological functions of these components, will promote the development of these novel
diagnostics and provide a foundation for new lead agents for therapeutic interventions.

Abbreviations
Low-dose Computed Tomography (LDCT)

Insulin-like Growth Factor (IGF)

Insulin-like Growth Factor binding protein (IGFBP)

Tumor, node metastasis (TNM)

Insulin-like Growth Factor 1 receptor (IGF-1R)

Insulin Receptor Substrate (IRS)

B Cell Lymphoma-2 (Bcl2)

Tumor immune microenvironment (TME)

National Lung Screening Trial (NLST)

International Associatioon for the Study of Lung Cancer (IASLC)

Strategic CT Screening Advisory Committee (SSAC)

Enzyme-linked immunosorbent assay (ELISA)

Radioimmunoassay (RIA)

Immunoradiometric assay (IRMA)

Non-small cell lung cancer (NSCLC)

Small cell lung cancer (SCLC)

Epithelial-to-mesenchymal transition (EMT)

Disease free survival (DFS)

Overall survival (OS)

Tyrosine kinase inhibitor (TKI)

Epidermal growth factor receptor (EGFR)

Declarations



Page 14/20

Ethics approval and consent to participate: Not applicable

Consent for publication: Not applicable

Availability of data and materials: Not applicable

Competing interests: The authors declare no con�ict of interest. 

Funding: This research was funded in part by the Swim Across America Foundation to J. Borgia and by
the National Institutes of Health (1 R21 CA223335-01) to J. Borgia. 

Authors' contributions: Conceptualization, J.A.B.; data curation, A.P., H.M., J.G.J., G.C.L. and D.G.; writing—
original draft preparation, A.P, H.M., L.G.J., G.C.L, D.G., M.L., C.W.S., and J.A.B..; writing—review and editing,
A.P., H.M., D.G., C.W.S., and J.A.B.; visualization, A.P. and G.C.L.; supervision, C.W.S. and J.A.B.; funding
acquisition, M.L. and J.A.B. All authors have read and agreed to the published version of the manuscript. 

Acknowledgements: Not applicable

References
1. ACS. American Cancer Society. Cancer Facts & Figures 2021. Available at

https://www.cancer.org/content/dam/CRC/PDF/Public/8703.00.pdf. Accessed. 01/02/2021.

2. Ranke MB. Insulin-like growth factor binding-protein-3 (IGFBP-3). Best Pract Res Clin Endocrinol Metab.
2015;29:701-711.

3. Clemmons DR. (2018). 40 YEARS OF IGF1: Role of IGF-binding proteins in regulating IGF responses to
changes in metabolism. Journal of Molecular Endocrinology,61(1). doi:10.1530/jme-18-0016.

4. Ricort JM, Binoux M. (2001). Insulin-like growth factor (IGF) binding protein-3 inhibits type 1 IGF receptor
activation independently of its IGF binding a�nity. Endocrinology, 142(1), 108–13.
https://doi.org/10.1210/endo.142.1.7915.

5. Schneider M, Wolf E, Hoe�ich A, Lahm H. (2002). IGF-binding protein-5: Flexible player in the IGF system
and effector on its own. Journal of Endocrinology, 172(3), 423-440. doi:10.1677/joe.0.1720423.

�. Koyama N, Zhang J, Huqun, Miyazawa H, Tanaka T, Su X, Hagiwara K. Identi�cation of IGFBP-6 as an
effector of the tumor suppressor activity of SEMA3B. Oncogene. 2008 Nov 20;27(51):6581-9. doi:
10.1038/onc.2008.263. Epub 2008 Aug 11. PMID: 18985860.

7. The Human Protein Atlas. (n.d.). Retrieved from https://www.proteinatlas.org/.

�. Allard JB, Duan C. (2018). IGF-Binding Proteins: Why Do They Exist and Why Are There So Many?.
Frontiers in endocrinology, 9, 117. https://doi.org/10.3389/fendo.2018.00117.

9. Fu S, Tang H, Liao Y, et al. Expression and clinical signi�cance of insulin-like growth factor 1 in lung
cancer tissues and perioperative circulation from patients with non-small-cell lung cancer. Curr Oncol.
2016;23:12-19.

10. London SJ, et al., Insulin-like growth factor I, IGF-binding protein 3, and lung cancer risk in a prospective
study of men in China. J Natl Cancer Inst, 2002. 94(10): 749–54.

11. Velcheti V, Govindan R. (2006). Insulin-like growth factor and lung cancer. Journal of thoracic oncology:
o�cial publication of the International Association for the Study of Lung Cancer, 1(7), 607–610.



Page 15/20

12. Minuto F, Del Monte P, Barreca A, et al. Evidence for an increased somatomedin-C/insulin-like growth
factor I content in primary human lung tumors. Cancer Res. 1986;46:985-988.

13. Hakuno F, Takahashi SI. IGF1 receptor signaling pathways. J Mol Endocrinol. 2018 Jul;61(1):T69-T86. doi:
10.1530/JME-17-0311. Epub 2018 Mar 13. PMID: 29535161.

14. Ju Y, Xu T, Zhang H, Yu A. FOXO1-dependent DNA damage repair is regulated by JNK in lung cancer cells.
Int J Oncol. 2014 Apr;44(4):1284-92. doi: 10.3892/ijo.2014.2269. Epub 2014 Jan 21. PMID: 24452601.

15. Denduluri S, et al., Insulin-like growth factor (IGF) signaling in tumorigenesis and the development of
cancer drug resistance. Genes Diseases 2015 Mar; 2(1), 13–25.
doi:https://doi.org/10.1016/j.gendis.2014.10.004.

1�. Xu F, Na L, Li Y, et al. Roles of the PI3K/AKT/mTOR signalling pathways in neurodegenerative diseases
and tumours. Cell Biosci 10, 54 (2020). https://doi.org/10.1186/s13578-020-00416-0.

17. Iams WT, Lovly CM. (2015). Molecular Pathways: Clinical Applications and Future Direction of Insulin-like
Growth Factor-1 Receptor Pathway Blockade. Clinical cancer research: an o�cial journal of the American
Association for Cancer Research, 21(19), 4270–7. https://doi.org/10.1158/1078-0432.CCR-14-2518.

1�. Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortality with low-dose computed
tomographic screening. N Engl J Med 2011;365:395-409.

19. Qian F, Huo D. Circulating Insulin-Like Growth Factor-1 and Risk of Total and 19 Site-Speci�c Cancers:
Cohort Study Analyses from the UK Biobank. Cancer Epidemiol Biomarkers Prev. 2020 Nov;29(11):2332-
2342. doi: 10.1158/1055-9965.EPI-20-0743. Epub 2020 Aug 20. PMID: 32856611; PMCID: PMC7642199.

20. Spitz MR, et al., Serum insulin-like growth factor (IGF) and IGF-binding protein levels and risk of lung
cancer: a case-control study nested in the beta-Carotene and Retinol E�cacy Trial Cohort. Cancer
Epidemiol Biomarkers Prev, 2002. 11(11): p. 1413-8.

21. Ahn J, Weinstein SJ, Snyder K, Pollak MN, Virtamo J, Albanes D. No association between serum insulin-
like growth factor (IGF)-I, IGF-binding protein-3, and lung cancer risk. Cancer Epidemiol Biomarkers Prev.
2006 Oct;15(10):2010-2. doi: 10.1158/1055-9965.EPI-06-0580. PMID: 17035415.

22. Lukanova A, Toniolo P, Akhmedkhanov A, Biessy C, Haley NJ, Shore RE, Riboli E, Rinaldi S, Kaaks R. A
prospective study of insulin-like growth factor-I, IGF-binding proteins-1, -2 and -3 and lung cancer risk in
women. Int J Cancer. 2001 Jun 15;92(6):888-92. doi: 10.1002/ijc.1265. PMID: 11351312.

23. Ho GYF, Zheng SL, Cushman M, Perez-Soler R, Kim M, Xue X, Wang T, Schlecht NF, Tinker L, Rohan TE,
Wassertheil-Smoller S, Wallace R, Chen C, Xu J, Yu H. Associations of Insulin and IGFBP-3 with Lung
Cancer Susceptibility in Current Smokers. J Natl Cancer Inst. 2016 Apr 12;108(7):djw012. doi:
10.1093/jnci/djw012. PMID: 27071409; PMCID: PMC5929107.

24. Huang XP, Zhou WH, Zhang YF. Genetic variations in the IGF-IGFR-IGFBP axis confer susceptibility to lung
and esophageal cancer. Genet Mol Res. 2014 Jan 24;13(1):2107-19. doi: 10.4238/2014.January.24.17.
PMID: 24615087.

25. National Comprehensive Cancer Network. Lung Cancer Screening. Version 1.2017. NCCN Clinical Practice
Guidelines in Oncology2016.

2�. Field JK, Smith RA, Aberle DR, et al. International association for the study of lung cancer computed
tomography screening workshop 2011 report. J Thorac Oncol 2012;7(1):10-19.



Page 16/20

27. Fu SL, Tang HX, Liao YD, et al. Association of preoperative serum IGF- I concentration with
clinicopathological parameters in patients with non-small cell lung cancer. J Huazhong Univ Sci
Technolog Med Sci. 2013;33:224-227.

2�. Izycki T, Chyczewska E, Naumnik W, Talalaj J, Panek B, Ossolinska M. Serum levels of IGF-I and IGF-II in
patients with lung cancer during chemotherapy. Exp Oncol. 2004;26:316-319.

29. Tisi E, Lissoni P, Rovelli F, Mandelli D, Barni S, Tancini G. Blood levels of IGF-I in non-small cell lung cancer:
relation to clinical data. Int J Biol Markers. 1991;6:99-102.

30. Wang H, Wan YX, Zhang QK. [Signi�cance and expression of insulin-like growth factor 1 and IGF binding
protein 3 in serum of patients with lung cancer]. Ai Zheng. 2004;23:710-714.

31. Wang Z, Wang Z, Liang Z, Liu J, Shi W, Bai P, Lin X, Magaye R, Zhao J. Expression and clinical signi�cance
of IGF-1, IGFBP-3, and IGFBP-7 in serum and lung cancer tissues from patients with non-small cell lung
cancer. Onco Targets Ther. 2013 Oct 16;6:1437-44. doi: 10.2147/OTT.S51997. PMID: 24204158; PMCID:
PMC3804563.

32. Yu H, Spitz MR, Mistry J, Gu J, Hong WK, Wu X. Plasma levels of insulin-like growth factor-I and lung
cancer risk: a case-control analysis. J Natl Cancer Inst. 1999;91:151-156.

33. Kubasiak JC, et al., Value of circulating insulin-like growth factor-associated proteins for the detection of
stage I non-small cell lung cancer. J Thorac Cardiovasc Surg, 2014.

34. Reeve JG, Payne JA, Bleehen NM. Production of immunoreactive insulin-like growth factor-I (IGF-I) and
IGF-I binding proteins by human lung tumours. Br J Cancer. 1990;61:727-731.

35. Cao H, Wang G, Meng L, Shen H, Feng Z, Liu Q, Du J. Association between circulating levels of IGF-1 and
IGFBP-3 and lung cancer risk: a meta-analysis. PLoS One. 2012;7(11):e49884. doi:
10.1371/journal.pone.0049884. Epub 2012 Nov 19. PMID: 23185474; PMCID: PMC3501472.

3�. Hjortebjerg R, Frystyk J. Determination of IGFs and their binding proteins. Best Pract Res Clin Endocrinol
Metab. 2013;27:771-781.

37. Yu Z, Kastenmüller G, He Y, Belcredi P, Möller G, Prehn C, Mendes J, Wahl S, Roemisch-Margl W, Ceglarek U,
Polonikov A, Dahmen N, Prokisch H, Xie L, Li Y, Wichmann HE, Peters A, Kronenberg F, Suhre K, Adamski J,
… Wang-Sattler R. (2011). Differences between human plasma and serum metabolite pro�les. PloS one,
6(7), e21230. https://doi.org/10.1371/journal.pone.0021230.

3�. Clemmons DR. Consensus statement on the standardization and evaluation of growth hormone and
insulin-like growth factor assays. Clin Chem. 2011;57:555-559.

39. Ross HA, Lentjes E, Menheere PP. The consensus statement on the standardization and evaluation of
growth hormone and insulin-like growth factor assays lacks a recommendation to attempt e�cacious
harmonization. Clin Chem. 2011;57:1463; author reply 1463-1464.

40. Nur SI, Ozturk A, Kavas M, Bulut I, Alparslan S, Aydogan ES, Atinkaya BC, Kolay M, Coskun A. IGFBP-4: A
promising biomarker for lung cancer. J Med Biochem. 2021 Jun 5;40(3):237-244. doi: 10.5937/jomb0-
25629. PMID: 34177367; PMCID: PMC8199439.

41. Zhang Y, Ying X, Han S, Wang J, Zhou X, Bai E, Zhang J, Zhu Q. Autoantibodies against insulin-like growth
factorbinding protein-2 as a serological biomarker in the diagnosis of lung cancer. Int J Oncol. 2013



Page 17/20

Jan;42(1):93-100. doi: 10.3892/ijo.2012.1699. Epub 2012 Nov 15. PMID: 23165420; PMCID:
PMC3583617.

42. Lee HJ, Kim YT, Park PJ, Shin YS, Kang KN, Kim Y, Kim CW. A novel detection method of non-small cell
lung cancer using multiplexed bead-based serum biomarker pro�ling. J Thorac Cardiovasc Surg. 2012
Feb;143(2):421-7. doi: 10.1016/j.jtcvs.2011.10.046. Epub 2012 Nov 20. PMID: 22104668.

43. Kotsantis I, Economopoulou P, Psyrri A, Maratou E, Pectasides D, Gogas H, Kentepozidis N, Mountzios G,
Dimitriadis G, Giannouli S. Prognostic Signi�cance of IGF-1 Signalling Pathway in Patients With
Advanced Non-small Cell Lung Cancer. Anticancer Res. 2019 Aug;39(8):4185-4190. doi:
10.21873/anticanres.13578. PMID: 31366504.

44. Han JY, Choi BG, Choi JY, Lee SY, Ju SY. The prognostic signi�cance of pretreatment plasma levels of
insulin-like growth factor (IGF)-1, IGF-2, and IGF binding protein-3 in patients with advanced non-small cell
lung cancer. Lung Cancer. 2006 Nov;54(2):227-34. doi: 10.1016/j.lungcan.2006.07.014. Epub 2006 Aug
28. PMID: 16935391.

45. Cevenini A, Orrù S, Mancini A, Al�eri A, Buono P, Imperlini E. Molecular Signatures of the Insulin-like
Growth Factor 1-mediated Epithelial-Mesenchymal Transition in Breast, Lung and Gastric Cancers. Int J
Mol Sci. 2018 Aug 15;19(8):2411. doi: 10.3390/ijms19082411. PMID: 30111747; PMCID: PMC6122069.

4�. Li H, Batth IS, Qu X, Xu L, Song N, Wang R, Liu Y. IGF-1R signaling in epithelial to mesenchymal transition
and targeting IGF-1R therapy: overview and new insights. Mol Cancer. 2017 Jan 30;16(1):6. doi:
10.1186/s12943-016-0576-5. PMID: 28137302; PMCID: PMC5282886.

47. Xu J, Bie F, Wang Y, Chen X, Yan T, Du J. (2019). Prognostic value of IGF-1R in lung cancer: A PRISMA-
compliant meta-analysis. Medicine, 98(19), e15467. https://doi.org/10.1097/MD.0000000000015467.

4�. Zhao S, Qiu Z, He J, Li L, Li W. Insulin-like growth factor receptor 1 (IGF1R) expression and survival in non-
small cell lung cancer patients: a meta-analysis. Int J Clin Exp Pathol. 2014 Sep 15;7(10):6694-704. PMID:
25400749; PMCID: PMC4230063.

49. Piper AJ, Clark JL, Mercado-Matos J, Matthew-Onabanjo AN, Hsieh CC, Akalin A, Shaw LM. Insulin
Receptor Substrate-1 (IRS-1) and IRS-2 expression levels are associated with prognosis in non-small cell
lung cancer (NSCLC). PLoS One. 2019 Aug 8;14(8):e0220567. doi: 10.1371/journal.pone.0220567. PMID:
31393907; PMCID: PMC6687170.

50. Wang J, Hu ZG, Li D, Xu JX, Zeng ZG. (2019). Gene expression and prognosis of insulinlike growth
factorbinding protein family members in nonsmall cell lung cancer. Oncol Rep, 42(5), 1981–95.
https://doi.org/10.3892/or.2019.7314.

51. Seder CW, Arndt AT, Jordano L, Basu S, Fhied CL, Sayidine S, Chmielewski GW, Gallo K, Liptay MJ, Borgia
JA. Serum Biomarkers May Prognosticate Recurrence in Node-Negative, Non-Small Cell Lung Cancers
Less Than 4 Centimeters. Ann Thorac Surg. 2017 Nov;104(5):1637-1643. doi:
10.1016/j.athoracsur.2017.06.036. Epub 2017 Sep 28. PMID: 28964418.

52. Guo C, Lu H, Gao W, Wang L, Lu K, Wu S, Pataer A, Huang M, El-Zein R, Lin T, Roth JA, Mehran R, Hofstetter
W, Swisher SG, Wu X, Fang B. Insulin-like growth factor binding protein-2 level is increased in blood of
lung cancer patients and associated with poor survival. PLoS One. 2013 Sep 17;8(9):e74973. doi:
10.1371/journal.pone.0074973. PMID: 24069370; PMCID: PMC3775736.



Page 18/20

53. Hu Q, Huang L, Kuang X, Zhang H, Ling G, Chen X, Li K, Deng Z, Zhou J. Is insulin-like growth factor
binding protein 2 associated with metastasis in lung cancer? Clin Exp Metastasis. 2014 Jun;31(5):535-41.
doi: 10.1007/s10585-014-9647-4. Epub 2014 Mar 29. PMID: 24682597.

54. Xiao Y, Zhu S, Yin W, Liu X, Hu Y. IGFBP-4 expression is adversely associated with lung cancer prognosis.
Oncol Lett. 2017 Dec;14(6):6876-6880. doi: 10.3892/ol.2017.7014. Epub 2017 Sep 21. PMID: 29163706;
PMCID: PMC5686515.

55. Li W, Sun D, Lv Z, Wei Y, Zheng L, Zeng T, Zhao J. Insulin-like growth factor binding protein-4 inhibits cell
growth, migration and invasion, and downregulates COX-2 expression in A549 lung cancer cells. Cell Biol
Int. 2017 Apr;41(4):384-391. doi: 10.1002/cbin.10732. Epub 2017 Feb 21. PMID: 28150906.

5�. Shersher DD, Vercillo MS, Fhied C, Basu S, Rouhi O, Mahon B, Coon JS, Warren WH, Faber LP, Hong E,
Bonomi P, Liptay MJ, Borgia JA. Biomarkers of the insulin-like growth factor pathway predict progression
and outcome in lung cancer. Ann Thorac Surg. 2011 Nov;92(5):1805-11; discussion 1811. doi:
10.1016/j.athoracsur.2011.06.058. Epub 2011 Sep 25. PMID: 21945224.

57. Chen C, Tian X, Zhao X, Ren L. Clinical study of serum IGFBP7 in predicting lymphatic metastasis in
patients with lung adenocarcinoma. Curr Probl Cancer. 2020 Dec;44(6):100584. doi:
10.1016/j.currproblcancer.2020.100584. Epub 2020 May 21. PMID: 32475626.

5�. Shi R, Yu X, Wang Y, Sun J, Sun Q, Xia W, Dong G, Wang A, Gao Z, Jiang F, Xu L. Expression pro�le, clinical
signi�cance, and biological function of insulin-like growth factor 2 messenger RNA-binding proteins in
non-small cell lung cancer. Tumour Biol. 2017 Apr;39(4):1010428317695928. doi:
10.1177/1010428317695928. PMID: 28381175.

59. Guo W, Huai Q, Wan H, Guo L, Song P, Gao S, He J. Prognostic Impact of IGF2BP3Expression in Patients
with Surgically Resected Lung Adenocarcinoma. DNA Cell Biol. 2021 Feb;40(2):316-331. doi:
10.1089/dna.2020.6136. Epub 2021 Jan 25. PMID: 33493403.

�0. Lu H, Wang L, Gao W, et al. IGFBP2/FAK pathway is causally associated with dasatinib resistance in non-
small cell lung cancer cells. Mol Cancer Ther, 12 (Dec 2013), pp. 2864-2873.

�1. Choi YJ, Park GM, Rho JK, et al Role of IGF-binding protein 3 in the resistance of EGFR mutant lung cancer
cells to EGFR-tyrosine kinase inhibitors. PloS One, 8 (2013), p. e81393.

�2. Cortes-Sempere M, de Miguel MP, Pernia O, et al. IGFBP-3 methylation-derived de�ciency mediates the
resistance to cisplatin through the activation of the IGFIR/Akt pathway in non-small cell lung cancer.
Oncogene, 32 (Mar 7 2013), pp. 1274-1283.

�3. Okamura J, Huang Y, Moon D, Brait M, Chang X, Kim MS. Downregulation of insulin-like growth factor-
binding protein 7 in cisplatin-resistant non-small cell lung cancer. Cancer Biol Ther, 13 (Feb 1 2012),
pp. 148-155.

�4. Peled N, Wynes MW, Ikeda N, et al. Insulin-like growth factor-1 receptor (IGF-1R) as a biomarker for
resistance to the tyrosine kinase inhibitor ge�tinib in non-small cell lung cancer Cell Oncol (Dordr), 36 (Jul
2013), pp. 277-288.

�5. Vazquez-Martin A, Cu� S, Oliveras-Ferraros C, et al IGF-1R/epithelial-to-mesenchymal transition (EMT)
crosstalk suppresses the erlotinib-sensitizing effect of EGFR exon 19 deletion mutations. Sci Rep, 3
(2013), p. 2560.



Page 19/20

��. Qi HW, Shen Z, Fan LH. Combined inhibition of insulin-like growth factor-1 receptor enhances the effects
of ge�tinib in a human non-small cell lung cancer resistant cell line. Exp Ther Med. 2011 Nov;2(6):1091-
1095. doi: 10.3892/etm.2011.324. Epub 2011 Aug 3. PMID: 22977626; PMCID: PMC3440787.

�7. Fidler MJ, Fhied CL, Roder J, Basu S, Sayidine S, Fughhi I, Pool M, Batus M, Bonomi P, Borgia JA. The
serum-based VeriStrat® test is associated with proin�ammatory reactants and clinical outcome in non-
small cell lung cancer patients. BMC Cancer. 2018 Mar 20;18(1):310. doi: 10.1186/s12885-018-4193-0.
PMID: 29558888; PMCID: PMC5861613.

��. Chen HX, Sharon E. (2013). IGF-1R as an anti-cancer target--trials and tribulations. Chinese journal of
cancer, 32(5), 242–252. https://doi.org/10.5732/cjc.012.10263.

�9. Langer CJ, Novello S, Park K, Krzakowski M, Karp DD, Mok T, Benner RJ, Scranton JR, Olszanski AJ,
Jassem J. Randomized, phase III trial of �rst-line �gitumumab in combination with paclitaxel and
carboplatin versus paclitaxel and carboplatin alone in patients with advanced non-small-cell lung cancer.
J Clin Oncol. 2014 Jul 1;32(19):2059-66. doi: 10.1200/JCO.2013.54.4932. Epub 2014 Jun 2. PMID:
24888810; PMCID: PMC4067944.

Figures



Page 20/20

Figure 1

IGF cascade. Broad overview of the IGF pathway and its downstream effects on cell survival and proliferation.
Brie�y, binding of IGF-I to IGF-1R begins the cascade via two separate pathways via phosphorylation of IRS-1.
The K-Ras/BRAF/MEK/MAPK pathway increases cell proliferation. The PI3-K/AKT pathway affects several
downstream regulators that have varying effects within the cell. Stimulation of Bcl2 inhibits apoptosis;
inhibition of FoxO diminishes DNA repair, regulation of muscle atrophy, and alters glucose metabolism;
activation of mTOR promotes protein synthesis; and abrogation of GSK-3β increases Cyclin D1 levels,
resulting in phase progression in the cell cycle.13-16


