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Abstract

The prognostic impact of insulin-like growth factor binding protein 7 (IGFBP7) in breast cancer is unclear. Host factors, 
including lifestyle, anthropometry and metabolic profile, might influence tumor-specific IGFBP7. This study aimed to 
investigate whether IGFBP7 levels and messenger ribonucleic acid (mRNA) expression are associated with the patient 
and tumor characteristics and prognosis in breast cancer. Patients with primary breast cancer in Lund, Sweden, were 
included preoperatively in the study between 2002 and 2012 (n = 1018). Tumor-specific IGFBP7 protein levels were evaluated 
with immunohistochemistry using tissue microarrays in tumors from 878 patients. IGFBP7 mRNA expression and its 
corresponding clinical data were obtained from The Cancer Genome Atlas and analyzed for 809 patients. Tumor-specific 
IGFBP7 protein levels were categorized based on Histo 300 scores into IGFBP7low (6.2%), IGFBP7intermediate (75.7%) and IGFBP7high 
(18.1%). Both low IGFBP7 protein levels and mRNA expression were associated with less aggressive tumor characteristics. 
Overall, IGFBP7low conferred low recurrence risk. The prognostic impact of IGFBP7high varied according to any alcohol 
consumption and tamoxifen treatment. IGFBP7high was associated with low recurrence risk in alcohol consumers but high 
recurrence risk in alcohol abstainers (Pinteraction= 0.039). Moreover, the combination of IGFBP7high and estrogen receptor-
positive tumors was associated with low recurrence risk only in tamoxifen-treated patients (Pinteraction= 0.029). To conclude, 
IGFBP7low might be a good, independent prognosticator in breast cancer. The prognostic impact of IGFBP7high depends on 
host factors and treatment. IGFBP7 merits further investigation to confirm whether it could be a suitable biomarker for 
treatment selection.
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Abbreviations 

AGM angiomodulin
ANOVA analysis of variance
BCFI breast cancer-free interval
BMI body mass index
CI confidence interval
Cm centimeter
DMFI distant metastasis-free interval
EMT epithelial-mesenchymal transition
ER estrogen receptor
H300 Histo 300
HER2 human epidermal growth factor re-

ceptor 2
HR hazard ratio
HRadj adjusted hazard ratio
kDa kilo Dalton
Kg kilogram
Ki67 Kiel 67 proliferation factor
IGF insulin-like growth factor
IGFBP insulin-like growth factor binding 

protein
IGFBP3 insulin-like growth factor binding 

protein 3

IGFBP7 insulin-like growth factor binding 
protein 7

IGFIR insulin-like growth factor 1 receptor
IHC immunohistochemistry
IQR interquartile range
m meter
MHT menopausal hormone therapy
ml milliliter
mRNA messenger ribonucleic acid
NoE number of events
OS overall survival
PI3K phosphatidylinositol 3-kinase
PR progesterone receptor
PSF prostacyclin-stimulating  

factor
REMARK reporting recommendations for 

tumor marker prognostic study
shRNA short hairpin ribonucleic acid
TAF tumor adhesion factor
TCGA The Cancer Genome Atlas
TMA tissue microarray
TNBC triple negative breast cancer
WHR waist-to-hip ratio
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Introduction
Breast cancer is the most common cancer among women glo-
bally (1). New tumor markers with independent prognostic 
and predictive value are warranted since many patients are 
either over- or under-treated, signaling the need for more in-
dividualized treatment (2). Dysregulation of proteins in the 
insulin-like growth factor (IGF)/insulin signaling pathway has 
been described as a driver of breast cancer initiation and pro-
gression (3). However, there is still a lack of suitable biomarkers 
for treatments targeting this pathway (3). An interesting candi-
date to be investigated as a novel biomarker is the insulin-like 
growth factor binding protein 7 (IGFBP7), also known as mac25/
IGFBPrp1/angiomodulin (AGM)/prostacyclin-stimulating factor 
(PSF) or tumor adhesion factor (TAF) (4).

Interestingly, high IGFBP7 serum levels have been linked to 
several factors that influence breast cancer risk, such as insulin 
resistance, obesity and increased risk of metabolic syndrome 
(5,6), which may increase the risk of type 2 diabetes mellitus. 
Furthermore, alcohol consumption, an established risk factor 
for breast cancer, is also associated with a decrease of IGF-I and 
an increase of IGFBPs in serum (7), possibly mediated by alcohol-
induced liver damage. Previous reports from breast cancer co-
horts have shown that alcohol consumption was associated 
with improved prognosis, while high body mass index (BMI) was 
associated with worse prognosis (8–10).

IGFBP7 is a protein involved in the IGF/insulin signaling 
pathway, which plays a central role in tumorigenesis, including 
cell proliferation, apoptosis, migration and epithelial-
mesenchymal transition (EMT) (4,11,12). There is also cross-
talk between IGF/insulin and estrogen receptor (ER) pathways 
contributing to tumor progression and endocrine resistance 
(13). IGFBP7 functions by binding to the insulin or the IGF-I re-
ceptor (IGFIR), which blocks downstream signaling, hindering 
cell growth, survival and mitogenic activity (4,14). IGFBP7 also 
acts independently of the IGF/insulin pathway modulating cell 
growth (15). Similar to insulin-like growth factor binding protein 
3 (IGFBP3), IGFBP7 can either act as a tumor promoter or sup-
pressor in many different cancer types, including breast cancer, 
but the reason for this dual-action remains to be elucidated (4). 
To investigate whether IGFBP7 acts as a tumor suppressor or 
tumor promoter in breast cancer, it would be interesting to in-
vestigate both high and low (or no) IGFBP7 expression compared 
to intermediate expression.

A previous small Swedish study reported associations be-
tween low IGFBP7 levels and more aggressive tumor characteris-
tics (16). However, the role of IGFBP7 in breast cancer is unclear, 
and conflicting in vivo and in vitro data have been published 
(4,14,16–21). More knowledge is needed concerning the interplay 
between IGFBP7, patient and tumor characteristics and prog-
nosis. We hypothesize that host factors impact tumor-specific 
IGFBP7 levels and that IGFBP7 is associated with tumor charac-
teristics. This study aimed to investigate whether IGFBP7 levels 
were associated with the patient and tumor characteristics and 
prognosis in breast cancer. Also, we investigate whether IGFBP7 
messenger ribonucleic acid (mRNA) expression is associated 
with the patient and tumor characteristics and other proteins in 
the IGF/insulin-signaling pathway.

Materials and methods

Cohort description
The BC Blood Study is a prospective population-based cohort consisting of 
1116 patients operated for first primary breast cancer at Skåne University 

Hospital in Lund between October 2002 and June 2012. The study has ethical 
approval by the Lund University ethics committee (Dnr 75-02, Dnr 37-08 and 
amendments). All participants provided written informed consent. Patients 
diagnosed with other types of cancer within 10 years before their breast 
cancer diagnosis were not included. The participants were included after 
receiving their breast cancer diagnosis but before surgery. A total of 2170 
patients were operated on for breast cancer at Skåne University Hospital, 
Lund, during the same period (22). Tissue microarrays (TMAs) were available 
for patients included between October 2002 and June 30, 2012. Patients with 
preoperative treatment (e.g. interstitial laser thermotherapy or neoadjuvant 
therapy), in situ carcinoma, and distant metastasis within 0.3 years of inclu-
sion were excluded, leaving 1018 patients (Figure 1).

The cohort has been described in detail elsewhere (22,23). To sum-
marize, the patients answered a questionnaire including reproductive 
and lifestyle factors. Research nurses took anthropometric measure-
ments at study inclusion. Clinical data were obtained from medical re-
cords. In line with Swedish guidelines, tumors were considered ER+ and 
progesterone receptor-positive (PR+) if >10% of nuclei stained positive by 
immunohistochemistry (IHC) (8), as previously described. If the pathology 
reports lacked data on human epidermal growth factor receptor 2 (HER2) 
amplification, HER2 status was obtained from dual gene protein staining 
of HER2 on TMAs from the patients’ tumors. This method showed an 
agreement of 97.7% with available pathological assessment (24). The pa-
tients were followed up until June 30, 2019.

Tissue microarray construction, staining and 
evaluation
The TMA blocks were assembled with a semi-automated tissue array de-
vice (Beecher Instruments, Sun Prairie, WI). Duplicate 1-mm cores were 
taken from representative non-necrotic areas with invasive tumor from 
archival formalin-fixed paraffin-embedded tissue from the surgical speci-
mens. Representative regions were selected by a pathologist (K.J.) based on 
the re-evaluation of hematoxylin and eosin-stained slides.

TMA slides (4  µm) were deparaffinized and pretreated using the PT 
Link system (Agilent Technologies, Santa Clara, CA, USA). IGFBP7 staining 
of the TMA slides was performed using the Autostainer Plus with the 
EnVision FLEX high-pH kit, according to the manufacturer’s instructions 
(Agilent Technologies) with a polyclonal rabbit IGFBP7 antibody (ab74169, 
Abcam, Cambridge, UK; diluted 1:600). The antibody binds to its predicted 
position (29 kDa) on the western blot and was validated with short hairpin 
ribonucleic acid (shRNA) (25,26).

IGFBP7 protein levels were only evaluated in invasive cancer cells, and 
tumor cores from 878 patients were evaluable. The cytoplasmic IGFBP7 
staining was evaluated by two examiners (C.G. and S.K.) blinded to tumor 
characteristics and patient information. Duplicate cores were evaluated 
jointly. The cytoplasmic intensity of IGFBP7 staining was scored as nega-
tive (0), weak (1+), moderate (2+) or strong (3+), and the estimated fraction 
of each intensity was recorded (0–100%). In case of discrepancy in inten-
sity or if the estimated fraction differed by more than 10%, the cores were 
re-evaluated until consensus was reached. If the two examiners were un-
able to reach a consensus, a third evaluator (B.N.) was consulted. Blood 
vessels were considered positive controls, see Supplementary Figure 1 
(available at Carcinogenesis Online) for additional histopathological im-
ages of IGFBP7 levels in various structures with the corresponding cores 
stained for hematoxylin and eosin. Because the IGFBP7 staining was het-
erogeneous, a Histo 300 (H300) index was used, whereby the intensity 
(0–3+) of cells was multiplied with its fraction (0–100%). This resulted in 
an H300 index ranging between 0 and 300 (27). The IGFBP7 levels were 
divided into three categories for statistical analyses based on the H300 
index: IGFBP7low (0–99), which corresponds to an average intensity of less 
than 1+ or equivalent, IGFBP7intermediate (100–149) and IGFBP7high (150–300), 
which corresponds to at least 50% of the invasive cells with an intensity of 
3+ or equivalent. Representative pictures for each category are presented 
in Figure 1. This study followed the reporting recommendations for tumor 
marker prognostic study (REMARK).

The Cancer Genome Atlas dataset
No data were available on IGFBP7 protein levels in The Cancer Genome Atlas 
(TCGA) database. Therefore, only mRNA expression data (pre-processed, 
normalized, level 3) was used. Gene-level RNA-sequence data for IGFBP7 

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgab090#supplementary-data
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and its corresponding clinical data and gene-level RNA-sequence data for 
other proteins involved in IGF/insulin signaling pathway were obtained 
using TCGAbiolinks (v2.18.0) package in R (v4.0.2) from the public TCGA 
portal https://portal.gdc.cancer.gov. The RNA-sequence data were log-
transformed to reduce the ‘right skewness’ of the data. A  total of 1102 
samples were included from the start and were filtered to only include 
female primary breast cancer patients without neoadjuvant treatment 
and no duplicates. After filtering, 809 patients remained (Supplementary 
Figure 2, available at Carcinogenesis Online).

Statistical analysis
For statistical analysis, SPSS® software version 26 (IBM Corp, Armonk, NY, 
USA) and R v4.0.2 were used. Differences in clinicopathological charac-
teristics between patients with evaluated (n  =  878) and non-evaluated 
(n  =  140) tumor-specific IGFBP7 levels were analyzed with chi-square 
test for categorical variables and Mann-Whitney U-test for continuous 
variables (since the values for several variables were not normally 

distributed). The three categories of tumor-specific IGFBP7 levels were 
analyzed in relation to patient and tumor characteristics with chi-square 
test and linear-by-linear test for categorical variables and Kruskal-Wallis 
or Jonckheere-Terpstra test for continuous variables.

The following variables were categorized: age at inclusion (≥50 years), 
coffee consumption (≥2 cups/day), alcohol abstention, preoperative 
smoking, ever oral contraceptive use, ever menopausal hormone therapy 
(MHT) use, number of children (0, 1–2, 3+), tumor size (>20 mm or mus-
cular or skin involvement), any axillary lymph node involvement, ER+, PR+, 
combined ER and PR status (ER+PR+, ER+PR−, ER−PR−, ER−PR+), HER2 amplifi-
cation, triple negative breast cancer (TNBC), main histological type [Ductal 
(or no special type), lobular, other or mixed], histological grade (I, II, III) and 
screening detection (in patients ages 45–74  years). Additionally, the fol-
lowing continuous variables were analyzed: age at inclusion (years), BMI 
(kg/m2), waist circumference (cm), waist-to-hip ratio (WHR), breast volume 
(ml) and age at the first child (years). Cutoffs for anthropometric features 
were set at BMI ≥25 kg/m2, WHR >0.85, waist circumference ≥80 cm (28,29) 
and total breast volume ≥850 ml (23).

Figure 1. Flowchart of included and excluded patients and representative pictures of each IGFBP7 level category based on H300 index.

https://portal.gdc.cancer.gov
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgab090#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgab090#supplementary-data
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Bilateral invasive tumors were found in 18 patients, of which eight pa-
tients had evaluable IGFBP7 levels from both tumors. For the two patients 
with bilateral tumors where the IGFBP7 levels based on the H300 index 
differed, the highest level was used. All tumor characteristics were taken 
from the corresponding side. Since only two cases differed, no sensitivity 
analysis was performed.

Kaplan-Meier and Cox proportional hazards models were used 
for univariable and multivariable survival analyses. Three different 
endpoints were used; any first breast cancer recurrence (invasive or in 
situ, locoregional, contralateral or distant metastasis), distant metastasis 
and death. Breast cancer-free interval (BCFI) was defined as the time from 
inclusion until first breast cancer recurrence. Distant metastasis-free 
interval (DMFI) was defined as the time from inclusion until first distant 
metastasis. Patients without recurrences were censored at the time of 
the last follow-up before emigration, death or last follow-up before July 
1, 2019. Overall survival (OS) was defined as the time until death or last 
follow-up before July 1, 2019. For patients living in Sweden, information 
on subsequent death was obtained from the Swedish Population Registry.

Univariable analyses of the three different endpoints were performed 
with Kaplan-Meier estimates and log-rank test for the 5-year, 10-year 
and entire follow-up time. Crude and adjusted hazard ratios (HR) with 
95% confidence interval (CI) in three different models were obtained for 
the three endpoints for the 5-year, 10-year and entire follow-up period. 
Model 1 was adjusted for age at inclusion (continuous), invasive tumor 
size (>20 mm or muscular or skin involvement), any axillary lymph node 
involvement, histological grade (III) and ER+. Model 2 included model 1 and 
was further adjusted for BMI (≥ 25 kg/m2), MHT use and alcohol abstention. 
Model 3 included model 2 and was further adjusted for chemotherapy, 
radiotherapy, tamoxifen and aromatase inhibitors. No adjustment was 
made for HER2 status in the models due to missing data for 29 patients.

To investigate effect modifications, formal two-way interaction ana-
lyses were performed between IGFBP7 categories ‘IGFBP7low’ or ‘IGFBP7high’ 

(with ‘IGFBP7intermediate’ as reference) in model 1 for the 5-year, 10-year 
and entire follow-up and age (≥50 years), BMI (≥25 kg/m2), breast volume 
(≥850 ml), WHR (>0.85), waist circumference (≥80 cm), coffee consumption 
(≥2 cups/day), alcohol abstention, preoperative smoking, ever oral contra-
ceptive use, MHT use, tumor size (>20 mm or muscular or skin involve-
ment), any axillary lymph node involvement, histological grade (III), ER+, 
PR+, HER2 amplification, TNBC, no special type (formerly ductal), lobular 
type, chemotherapy and radiotherapy. Additionally, among patients 
with ER+ tumors, formal two-way interaction analyses were performed 
in model 1 between IGFBP7 categories ‘IGFBP7low’ or ‘IGFBP7high’ (with 
‘IGFBP7intermediate’ as reference) for the 5-year, 10-year and entire follow-up 
and adjuvant therapy with tamoxifen and aromatase inhibitors.

Spearman’s rank (Rs) correlation was used to assess correlations in 
the TCGA database between IGFBP7 mRNA expression and the clinical 
markers ESR1, PGR, ERBB2 and age at diagnosis. Further correlations be-
tween IGFBP7 and IGFI, IGFIR, INSR, IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5 
and IGFBP6 were assessed. Differences in mean IGFBP7 mRNA expression 
between self-identified racial groups [White/Caucasian, Black or African 
American, Asian or other (including mixed and not reported)] were ana-
lyzed with one-way analysis of variance (ANOVA) with Tukey’s post hoc 
test. Due to scarce follow-up (median follow-up 1.3 years for patients at 
risk), no survival analyses were conducted for IGFBP7 mRNA expression.

PS Power and Sample Size Calculation program version 3.1.12 from 
(Vanderbilt University, Nashville, TN, USA) was used to perform power cal-
culations. We assumed for the power calculation that with 855 patients 
with 18% having IGFBP7high and 6% having IGFBP7low, a 10-year accrual time 
with an additional 7-year follow-up, a median follow-up of 9 years, 80% 
power and an α of 0.05, we would be able to detect true HRs of ≤0.731 or 
≥1.415 and ≤0.618 or ≥1.764, respectively (30). P-values < 0.05 were con-
sidered statistically significant, and all P-values are two-tailed. Since this 
is an exploratory study, nominal P-values are presented without adjust-
ment for multiple testing (31).

Table 1. Tumor-specific IGFBP7 levels in relation to patient characteristics

Patients with 
evaluable TMAs Missing IGFBP7low IGFBP7intermediate IGFBP7high

Patients with 
non-evaluable 
TMAs

No. of patients (%) 
or median (IQR) n

No. of patients (%) 
or median (IQR)

No. of patients (%) 
or median (IQR)

No. of patients (%) 
or median (IQR)

No. of patients 
(%) or median 
(IQR)

n =878 (100%)  n = 54 (6.2%) n = 665 (75.7%) n = 159 (18.1%) n = 140

Age at inclusion, years 61.1 (52.3–68.2) 0 61.5 (58.3–69.0) 61.1 (52.0–68.1) 60.3 (51.9–69.4) 61.1 (51.7–67.8)
Age at inclusion ≥ 50 years 708 (80.6%) 0 49 (90.7%) 535 (80.5%) 124 (78.0%) 108 (77.1%)
BMI, kg/m2 25.1 (22.5–28.4) 25 25.2 (22.4–28.7) 25.0 (22.4–28.2) 25.1 (22.8–29.1) 25.1 (22.5–28.2) 
Waist circumference, 

cm
87 (79–97) 33 86 (78–96) 87 (79–97) 88 (79–97) 88 (79–95) 

Waist-to-hip ratio 0.86 (0.81–0.90) 33 0.85 (0.81–0.89) 0.86 (0.81–0.91) 0.85 (0.81–0.91) 0.86 (0.81–0.90)
Breast volume, ml 1000 (650–1500) 134 975 (700–1400) 1000 (650–1500) 1000 (600–1600) 1000 (700–1600)
Alcohol abstainer, yes 98 (11.2%) 3 5 (9.3%) 75 (11.3%) 18 (11.5%) 8 (5.7%)
Preoperative smoker, 

yes
170 (19.4%) 2 10 (18.5%) 125 (18.8%) 35 (22.2%) 36 (25.7%)

Coffee, ≥2 cups per day 707 (80.5%) 0 50 (92.6%) 527 (79.2%) 130 (81.8%) 117 (83.6%)
Oral contraceptives, 

ever
619 (70.6%) 1 34 (63.0%) 475 (71.5%) 110 (69.2%) 103 (73.6%)

Hormonal intrauterine 
device, ever

147 (17.2%) 21 4 (8.2%) 119 (18.3%) 24 (15.3%) 27 (19.6%)

Menopausal hormone 
therapy, ever

388 (44.3%) 3 33 (62.3%) 286 (43.1%) 69 (43.4%) 59 (42.1%)

Age at menarche, years 13 (12–14) 2 13 (12–14) 13 (12–14) 13 (12–14) 13 (12–14) 
Number of children       
 0 (Nulliparous) 109 (12.4%)  8 (14.8%) 77 (11.6%) 24 (15.1%) 13 (9.3%)
 1–2 526 (59.9%)  32 (59.3%) 405 (60.9%) 89 (56.0%) 102 (72.9%)
 3+ 243 (27.7%)  14 (25.9%) 183 (27.5%) 46 (28.9%) 25 (17.9%)
Age at first child in 

parous women, years
24 (21–28) 2 23 (20–27) 24 (22–28) 25 (21–28) 25 (23–29) 
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Results

Patient characteristics and IGFBP7 levels

Out of the 1018 patients included in the study, 878 (86.2%) had 
tumors that could be evaluated for IGFBP7 levels. Among these 
patients, IGFBP7 H300 ranged from 0 to 300 with a median 
of 110 [interquartile range (IQR) 100–130]. Fifty-four patients 
(6.2%) had a low (H300 0–99) IGFBP7 level, 665 (75.7%) had an 
intermediate (H300 100–149) level and 159 (18.1%) had a high 
(H300 150–300) level. See Figure 1 for representative images of 
staining categories. IGFBP7low was weakly associated with prior 
MHT use (P = 0.025) and daily coffee consumption of ≥2 cups 
(P = 0.053). There were no other statistically significant differ-
ences in patient characteristics depending on IGFBP7 levels 
(Table 1).

Tumor characteristics and IGFBP7 levels

Higher categories of IGFBP7 levels were associated with ER− 
status (Ptrend < 0.001), PR− status (Ptrend < 0.001) and lower histo-
logical grade (Ptrend < 0.001; Table 2). The trend was observed only 
for concordant ER PR status (both Ptrends < 0.001) but not for dis-
cordant ER and PR status. Additionally, IGFBP7low was associated 
with invasive lobular-type breast cancer (P < 0.001). There were 
no other statistically significant differences in tumor character-
istics depending on IGFBP7 levels (Table 2).

Patients with tumors non-evaluable for IGFBP7 
staining

Patients with non-evaluable tumors for IGFBP7 were similar 
to patients with evaluable tumors except for alcohol absten-
tion, number of children and age at the first child (Table 1). 
Only histological grade and main histological type differed 
between evaluable and non-evaluable tumors. There were 
also fewer deaths among patients with non-evaluable tumors 
(Table 2).

TCGA mRNA expression

IGFBP7 mRNA expression was positively correlated with the 
mRNA expression of PGR, IGF1, IGFBP2, IGFBP3, IGFBP4, IGFBP5 
and IGFBP6 (all Rs ≥ 0.13 and P-values < 0.001). In contrast, IGFBP7 
mRNA expression was negatively correlated with age and ESR1 
(both Rs ≥ 0.074 and P-values ≤ 0.034). There were no statistically 
significant correlations between IGFBP7 expression and ERBB2, 

IGFIR or INSR. Moreover, there was no difference in IGFBP7 mRNA 
expression between self-reported racial groups (n = 736); White/
Caucasian, Black or African American and Asian (P > 0.3).

Tumor-specific IGFBP7 protein levels and prognosis

The patients in the BC Blood cohort were followed for up to 
15  years, and for the 624 patients still at risk, the median 
follow-up time was 9.1 years (IQR 7.0–11.1 years). A total of 174 
patients had a recurrence during the follow-up, of which 112 
(64.4%) had distant metastasis. Also, a total of 174 patients died 
during the study period, and 94 (56.0%) of these patients had a 
breast cancer recurrence (Table 2).

IGFBP7low was associated with a lower 5-year recurrence 
risk (no event) compared to IGFBP7intermediate (9.9%) and IGFBP7high 
(11.8%). For patients with IGFBP7low, the first recurrence (a distant 
metastasis) occurred after 7.6  years. IGFBP7low was associated 
with a lower recurrence risk also with longer follow-up times in 
the univariable analysis and multivariable analyses (Figure 2A 
and Table 3). For the multivariable analyses, IGFBP7intermediate was 
used as reference. Similar patterns were seen for DMFI (Figure 
2B and Table 3). There was no difference in OS between IGFBP7low 
and IGFBP7intermediate. IGFBP7high had shorter OS during the first 
5 years of follow-up in the univariable but not the multivariable 
analyses (Figure 2C and Table 3).

Effect modifications between IGFBP7 levels and 
clinicopathological factors on prognosis

There were significant interactions between IGFBP7high and 
several clinicopathological factors with respect to prognosis 
using IGFBP7intermediate as reference. Thus, subgroup analyses 
were stratified by alcohol abstention, ER status and tam-
oxifen treatment among patients with ER+ tumors. In alcohol 
abstainers, IGFBP7high was associated with higher 10-year re-
currence risk HRadj 4.03 (95% CI, 1.03 to 15.74), but in alcohol 
drinkers, IGFBP7high was associated with lower recurrence risk 
HRadj 0.56 (95% CI, 0.34 to 0.93; Pinteraction = 0.039; Figure 3A and 
3B). IGFBP7high was not associated with 10-year DMFI in pa-
tients with ER− tumors while borderline associated with lower 
10-year distant metastasis risk in patients with ER+ tumors 
HRadj 0.40 (95% CI, 0.16 to 1.01; Pinteraction = 0.037; Figure 3C and 
D). When restricting the analyses to patients with ER+ tumors, 
IGFBP7high was not associated with 10-year BCFI while associ-
ated with lower 10-year recurrence risk HRadj 0.35 (95% CI, 0.14 

Figure 2. Kaplan-Meier estimates of (A) breast cancer-free interval, (B) distant metastasis-free interval and (C) overall survival in relation to IGFBP7 levels in all patients. 

The number of patients is indicated at each follow-up. The study is ongoing; thus, the number of patients decreases with each follow-up.
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Table 3. Multivariable Cox regression survival analyses of IGFBP7 levels in relation to recurrences, distant metastases and death due to any 
cause for the entire, 10-year, and 5-year follow-up period

Breast cancer recurrence

Total Events Crude Model 1 Model 2 Model 3

IGFBP7 levels n n HR (95% CI) HRadj (95% CI) HRadj (95% CI) HRadj (95% CI)

Low 54 5 0.38 0.16 to 0.92 0.39 0.16 to 0.96 0.43 0.17 to 1.04 0.40 0.16 to 0.99
Intermediate 665 138 Ref.  Ref.  Ref.  Ref.  
High 159 31 0.92 0.62 to 1.35 0.77 0.51 to 1.16 0.79 0.53 to 1.20 0.78 0.52 to 1.18
  Ptrend >0.3  >0.3  >0.3  >0.3  
IGFBP7 levels n n 10-year  10-year  10-year  10-year  
Low 54 4 0.36 0.13 to 0.97 0.38 0.14 to 1.03 0.40 0.15 to 1.09 0.38 0.14 to 1.03
Intermediate 665 123 Ref.  Ref.  Ref.  Ref.  
High 159 25 0.86 0.56 to 1.32 0.70 0.45 to 1.10 0.71 0.45 to 1.11 0.70 0.44 to 1.10
  Ptrend >0.3  >0.3  >0.3  >0.3  
IGFBP7 levels n n 5-year  5-year  5-year  5-year  
Low 54 0 No event  No event  No event  No event  
Intermediate 665 63 Ref.  Ref.  Ref.  Ref.  
High 159 18 1.21 0.72 to 2.05 0.86 0.50 to 1.50 0.84 0.48 to 1.47 0.85 0.48 to 1.51
  Ptrend 0.043  >0.3  >0.3  >0.3  

Distant metastasis

Total Events Crude Model 1 Model 2 Model 3

IGFBP7 levels n n HR (95% CI) HRadj (95% CI) HRadj (95% CI) HRadj (95% CI)

Low 54 3 0.36 0.11 to 1.13 0.36 0.11 to 1.12 0.38 0.12 to 1.12 0.34 0.10 to 1.08
Intermediate 665 89 Ref.  Ref.  Ref.  Ref.  
High 159 20 0.91 0.56 to 1.48 0.67 0.40 to 1.11 0.68 0.41 to 1.14 0.67 0.40 to 1.13
  Ptrend >0.3  >0.3  >0.3  >0.3  
IGFBP7 levels n n 10-year  10-year  10-year   10-year  
Low 54 2 0.31 0.08 to 1.28 0.33 0.08 to 1.34 0.35 0.09 to 1.42 0.32 0.08 to 1.33
Intermediate 665 73 Ref.  Ref.  Ref.  Ref.  
High 159 16 0.92 0.54 to 1.59 0.66 0.38 to 1.15 0.66 0.37 to 1.16 0.66 0.37 to 1.16
  Ptrend >0.3  >0.3  >0.3  >0.3  
IGFBP7 levels n n 5-year  5-year  5-year  5-year  
Low 54 0 No event  No event  No event  No event  
Intermediate 665 40 Ref.  Ref.  Ref.  Ref.  
High 159 14 1.48 0.80 to 2.71 0.94 0.50 to 1.78 0.93 0.48 to 1.80 0.93 0.48 to 1.81
  Ptrend 0.029  >0.3  >0.3  >0.3  

Death

Total Events Crude Model 1 Model 2 Model 3

IGFBP7 levels n n HRadj (95% CI) HRadj (95% CI) HRadj (95% CI) HRadj (95% CI)

Low 54 9 0.72 0.37 to 1.42 0.72 0.36 to 1.42 0.75 0.38 to 1.48 0.72 0.36 to 1.43
Intermediate 665 128 Ref.  Ref.  Ref.  Ref.  
High 159 37 1.13 0.78 to 1.63 0.89 0.60 to 1.31 0.85 0.56 to 1.27 0.84 0.56 to 1.27
  Ptrend 0.25  >0.3  >0.3  >0.3  
IGFBP7 levels n n 10-year  10-year  10-year  10-year  

Low 54 5 0.61 0.25 to 1.51 0.67 0.27 to 1.64 0.72 0.29 to 1.76 0.69 0.28 to 1.71
Intermediate 665 95 Ref.  Ref.  Ref.  Ref.  
High 159 31 1.40 0.93 to 2.09 1.13 0.74 to 1.74 1.08 0.69 to 1.70 1.08 0.69 to 1.71
  Ptrend 0.039  >0.3  >0.3  >0.3  
IGFBP7 levels n n 5-year  5-year  5-year  5-year  
Low 54 2 0.50 0.12 to 2.06 0.58 0.14 to 2.40 0.66 0.16 to 2.73 0.65 0.16 to 2.73
Intermediate 665 49 Ref.  Ref.  Ref.  Ref.  
High 159 21 1.82 1.09 to 3.04 1.35 0.78 to 2.34 1.32 0.74 to 2.36 1.38 0.77 to 2.48
  Ptrend 0.009  0.17  0.24  0.19  

Adjusted model 1: Age at inclusion, tumor size, nodal status, grade III and ER status. Missing data for four patients for at least one variable.

Adjusted model 2: Model 1+ BMI ≥25 Kg/m2, MHT and alcohol abstention. Missing data for 35 patients for at least one variable.

Adjusted model 3: Model 2+ chemotherapy, radiotherapy, tamoxifen and aromatase inhibitors. Missing data for 35 patients for at least one variable.
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to 0.89) in tamoxifen-treated patients (Pinteraction = 0.029; Figure 
3E and F). There was also an interaction between IGFBP7high and 
TNBC (Pinteraction = 0.046) but no significant association between 
IGFBP7high and OS in either subgroup.

Furthermore, there were significant interactions between 
IGFBP7low and several factors with respect to prognosis, including 
tamoxifen treatment among patients with ER+ tumors and no 
special type (formerly ductal), using IGFBP7intermediate as reference. 
IGFBP7low and ER+ tumors were borderline associated with longer 
OS in tamoxifen-treated patients, HRadj 0.37 (95% CI, 0.13 to 1.03), 
but not in non-tamoxifen-treated patients (Pinteraction = 0.031). In 
patients with breast cancer of no special type, IGFBP7low was bor-
derline associated with longer OS HRadj 0.37 (95% CI, 0.13 to 1.02; 
compared to other histological types for the entire and 10-year 
follow-up (both Pinteractions ≤ 0.039; Supplementary Figure 3, avail-
able at Carcinogenesis Online). Also, there was an interaction be-
tween IGFBP7low and lobular type on OS (Pinteraction = 0.033) but no 
significant associations in either subgroup.

Since IGFBP7 protein levels were also associated with PR, 
we performed further adjustments for PR in the survival ana-
lyses. The effect estimates remained essentially the same. 
However, two models became significant: (i) IGFBP7high was as-
sociated with lower 10-year distant metastasis risk HRadj 0.39 
(95% CI, 0.15 to 0.99) in patients with ER+ tumors. (ii) IGFBP7low 
was associated with longer OS HRadj 0.35 (95% CI, 0.13 to 0.99) 
in patients with breast cancer of no special type. The effect es-
timates remained essentially the same after adjustment for 
smoking, coffee and trastuzumab, respectively. In restriction 
analyses where only patients with known HER2 status were 
included, the effect estimates remained essentially the same. 
Similarly, in restriction analyses where patients with bilateral 
tumors (n = 18) were excluded, the effect estimates remained  
essentially the same.

Discussion
The main findings were that patients with IGFBP7low had less 
aggressive tumor characteristics, a lower risk of breast cancer 
recurrence, and a higher frequency of prior MHT use. Moreover, 
the prognostic impact of IGFBP7high varied significantly according 
to alcohol abstention, ER status and tamoxifen treatment.

To our knowledge, no study has previously reported the 
finding of MHT or lobular-type breast cancer being associated 
with IGFBP7low, and it has been previously shown that MHT is 
associated with lobular-type cancer (32). MHT modulates the 
serum levels of proteins involved in the IGF system differently 
according to the type of MHT (33,34) and may, therefore, in-
fluence IGFBP7 levels. MHT was weakly associated with lower 
serum levels of IGFBP7 in a subset of patients in the same co-
hort (35). The IGF/insulin and ER pathways, through which MHT 
mainly functions, are interconnected in breast cancer (13,36). 
A  previous study based on the same breast cancer cohort re-
ported that MHT was associated with lobular cancer and low 
histological grade (37). This is in line with the present finding of 
IGFBP7low being associated with both lobular type breast cancer 
and low histological grade. This association remained after 
stratification by MHT status. We hypothesize that the associ-
ation between IGFBP7 and MHT is partly mediated via the cross-
talk between ER and IGF/insulin pathways. Further, E-cadherin 
downregulation is hallmark of lobular-type breast cancer (38). 
Interestingly, mechanistic studies of colorectal cancer have 
shown that knockdown of IGFBP7 impacts proteins associated 
with EMT, such as downregulation of E-cadherin (25). Our find-
ings of IGFBP7low in lobular-type cancer and in MHT users are 
aligned with the results of the mechanistic study.

Both higher IGFBP7 levels and expression were associated 
with ER−, which is in disagreement with a previous smaller 
study (16). Interestingly, the phosphatidylinositol 3-kinase 
(PI3K) pathway activation is more frequently associated with ER 
positivity in breast cancer. This pathway is regulated by IGFIR, 
in which signaling activity, in turn, is modulated by IGFBP7 
(4,14,38), indicating a potential pathway linking IGFBP7 and ER 
expression. Additionally, IGFBP7 mRNA expression was posi-
tively correlated with the expression of other proteins involved 
in the IGF/insulin pathway, supporting previous theories that 
IGFBPs are related to each other and function as a cooperative 
(4). The majority of the associations between IGFBP7 and tumor 
characteristics went in the same direction for protein and mRNA 
expression, except PR. This might be due to post-translation 
regulation of protein levels (39).

Moderate to high coffee consumption was borderline associ-
ated with IGFBP7low, which to our knowledge, has not previously 
been reported. In the same cohort, high coffee consumption 
was associated with lower IGF1R levels, less aggressive tumors, 
and improved prognosis in patients treated with radiotherapy 
or tamoxifen (40,41). In contrast to serum IGFBP7 levels (5,6), 
tumor-specific IGFBP7 levels were not associated with anthropo-
metric features in this study. Similarly, serum IGFBP7 levels were 
not associated with anthropometric features in a subset of pa-
tients in the same cohort (35), suggesting that serum and tumor-
specific IGFBP7 represent two or several independent functions. 
Similar results were observed in colorectal cancer where serum 
and tumor-specific IGFBP7 levels were not correlated (4).

The participants in the BC Blood cohort are considered repre-
sentative of breast cancer patients operated in Skåne University 
Hospital in Lund and similar to the TCGA cohort (38), the BC 
Blood cohort includes patients of all ages (22). Approximately 
300 000 people live in the catchment area, and there are no pri-
vate clinics performing breast cancer surgeries. The power was 
adequate for the entire BC Blood cohort, and clinically rele-
vant effect sizes were detectable. However, the subgroups of 
patients with IGFBP7low or IGFBP7high were relatively small, and 
the power was, therefore, lower in subgroup analyses. Survival 
curves were proportional for the 5-year follow-up but not the 
entire follow-up. HRs thus present the mean hazard over time. 
Since the questionnaires were answered preoperatively, the 
risk for recall bias and survivor bias was minimized. No adjust-
ments were made for HER2 status and trastuzumab treatment 
in the main models due to missing data on several patients in-
cluded before November 2005. However, in restriction analyses 
in patients with known HER2 status, the effect estimates re-
mained essentially the same as for all patients whether or not 
trastuzumab was included in the models. Age influences the ex-
pression of several prognostic markers as well as breast cancer 
prognosis (2). In the TCGA cohort, age was negatively correlated 
with IGFBP7 mRNA expression. However, tumor-specific IGFBP7 
levels appeared stable across ages in the BC Blood cohort and all 
adjusted models included age as a covariate limiting the risk of 
age confounding our results. Body measurements were taken by 
research nurses, strengthening reliability. The clinical data are 
reliable since they were obtained from pathology reports, pa-
tient charts and population registers. Ethnicity was not denoted, 
but the majority of patients were of Swedish or European back-
ground. Since IGFBP7 expression did not vary across the three 
major ethnic groups in the TCGA data, protein levels may also 
be similar across ethnic groups.

Missing tumor tissue was somewhat more common among 
patients who consumed alcohol. However, alcohol abstention 
was not associated with IGFBP7 levels. Also, the differences in 
tumor characteristics indicated that non-evaluated tumors were 

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgab090#supplementary-data
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somewhat less aggressive than evaluated tumors. This might 
lead to an underestimation of the of IGFBP7low frequency. As 
there is no established protocol for IGFBP7 staining, the staining 
methods were optimized for this study. Neither is there a 

standard procedure for IGFBP7 evaluation, making comparisons 
between different studies difficult. Landberg et al. (16) deemed 
the IGFBP7 staining on whole section slides to be homogenous 
enough to be evaluated with TMAs in breast cancer.

Figure 3. Kaplan-Meier estimates of (A, B) breast cancer-free interval in all patients stratified by alcohol abstention, (C, D) distant metastasis-free interval in all patients 

stratified by ER status and (E, F) breast cancer-free interval in patients with ER+ tumors stratified by ever tamoxifen treatment in relation to IGFBP7 levels. The study is 

ongoing; thus, the number of patients decreases with each follow-up.
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IGFBP7high was not associated with less aggressive tumor 
characteristics and improved prognosis, contradicting the find-
ings of a previous study (16). Instead, IGFBP7low was an inde-
pendent prognostic factor for low recurrence risk. It remains 
unclear why a tumor suppressor would be associated with more 
aggressive tumors and a worse prognosis. Our findings support 
the notion that tumor-specific IGFBP7 acts as a promoter rather 
than a suppressor in breast cancer. IGFBP7, similar to IGFBP3, 
might have a dual role as a tumor suppressor within the IGF/
insulin system while simultaneously having tumor-promoting 
effects through other pathways (4). Alternatively, IGFBP7 levels 
might rise in response to more aggressive breast cancer to slow 
its spread. In the TCGA cohort, IGFBP7 and IGFBP3 were posi-
tively correlated and others have shown that these proteins 
share signaling pathways. IGFBP3 is the main binding protein 
of IGF-I while IGFBP7 binds insulin with high affinity and has a 
lower affinity for IGF-I (4). Both of these IGFBPs also have roles 
independent of IGF-I and insulin (4). Perhaps, further investiga-
tion into the interplay between IGFBP3 and IGFBP7 could shed 
more light on why IGFBP7high impacts prognosis differently de-
pending on alcohol abstention, ER status and tamoxifen use 
(4). However, investigation of IGFBP3 lies outside the scope of 
this study.

This study is the first to report effect modifications according 
to alcohol abstention, ER status and tamoxifen treatment. We 
have previously reported that alcohol abstainers are less likely 
to adhere to endocrine treatment in this cohort (42), suggesting 
that these two factors may be linked. Some effects of alcohol 
in breast cancer are proposed to be mediated through the IGF 
system (43) and might attenuate the anti-proliferative effect of 
IGFBP7 by decreasing serum IGF-I levels (7). Similarly, tamoxifen 
may decrease IGF1 gene expression in breast cancer cells (44). 
Others have shown activated IGFIR to be a marker of tamoxifen 
resistance (45). IGFBP7 modulates IGFIR signaling (14), sug-
gesting a synergistic anti-proliferative mechanism whereby high 
IGFBP7 levels counteract tamoxifen resistance. This mechanism 
could explain why IGFBP7high was associated with better prog-
nosis only in tamoxifen-treated patients in the present study. 
It has been shown that inhibiting IGFIR in hormone-resistant 
ER-positive cells strongly inhibits their growth (46). Increased 
PI3K/AKT/mTOR signaling through IGFIR activation is suggested 
to make breast cancer cells independent of ER signaling for pro-
liferation and survival, conferring endocrine resistance (47). 
There is also evidence that the IGF/insulin signaling pathway 
functions differently depending on ER status in breast cancer 
(48). Mechanisms of endocrine resistance have not been fully 
elucidated. However, there are inherent differences in gene 
signaling and upregulation between tamoxifen-resistant cells 
and aromatase inhibitor-resistant cells, which might explain 
differences in the prognostic impact of IGFBP7high depending 
on the type of endocrine treatment (49). As other IGFBPs have 
been linked to anti-proliferative effects in ER+ tumors (48,50), it 
is possible that IGFBP7 might have similar effects, given their 
intercorrelation.

In conclusion, tumor-specific IGFBP7low was associated with 
a good prognosis in breast cancer. The prognostic impact of 
IGFBP7high varied according to alcohol consumption, ER status 
and tamoxifen treatment. The results encourage further study 
to confirm the results and determine whether IGFBP7high might 
be a useful tool for selecting patients for tamoxifen treatment.
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