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ABSTRACT
Aim Triple-negative breast cancer (TNBC) is 
characterised by shorter overall survival and an early 
peak of distant recurrences with still no specific targeted 
treatment available. Vitamin D receptor (VDR) and 
insulin-like growth factor receptor 1 (IGFR) have recently 
been described as potential new targets for anticancer 
therapy, yet their roles in TNBCs are still to be explored. 
In this study we investigated VDR and IGFR expression 
in patients with TNBC and compared them with clinical 
and pathological parameters and survival to possibly 
demonstrate their prognostic and therapeutic relevance.
Methods The study included 96 patients with TNBC. 
Clinical and pathological parameters were compared 
with the immunohistochemical expression of VDR and 
IGFR.
Results Positive VDR immunostaining was present in 
27% of tumours and inversely correlated with higher 
mitotic score, histological grade and higher proliferation 
index measured by Ki-67 and related to the increased 
overall survival (OS). Out of 96 patients with TNBC, 
35.5% of tumours were IGFR positive and correlated 
with higher mitotic score and Ki-67, and strongly 
correlated with shorter disease-free survival (DFS). 
Patients with VDR-negative and IGF-positive tumours 
had significantly lower DFS and OS.
Conclusion Approximately one third of TNBCs express 
VDR and/or IGFR. Their expression is linked with the 
recurrence of the disease and survival, which make them 
possible targets for treatment and a prognostic tool for 
dividing TNBCs into more homogeneous subgroups.

InTRoduCTIon
Triple-negative breast cancer (TNBC) represents 
approximately 15% of all breast cancers and is 
characterised by shorter overall survival (OS) and 
an early peak of distant recurrences. Immunohis-
tochemical (IHC) methods define TNBC subtype 
as negative for oestrogen, progesterone and human 
epidermal growth factor receptor 2 (HER2).1 
These biomarkers provide robust targets for 
effective targeted therapeutic strategies, such as 
endocrine therapies for hormone-positive disease 
and anti-HER2 agents for HER2-positive breast 
cancer leaving chemotherapy as the only choice 
for systemic treatment for patients with TNBC.2 
However, intense research is ongoing to iden-
tify actionable targets with an aim to improve 
current treatment outcomes and to define prog-
nostic subgroups. Vitamin D receptor (VDR) has 

recently been described as a potential new target 
for anticancer therapy. Several levels of evidence 
support the relationships among the active 
form of vitamin D, 1α,(25(OH)2D3), VDR and  
cancer.3 4 IHC studies have confirmed that the 
VDR is expressed in samples from normal breast 
tissues and also in breast cancer biopsy speci-
mens.5 6 Deregulation of vitamin D signalling and 
metabolic pathways favour tumour progression, 
but the prognostic effect of VDR expression and 
circulating vitamin D pathway metabolites still 
remains controversial.7 Although the role of VDR 
signalling pathways in breast cancer has been docu-
mented, its role in TNBC is still to be explored. 
Only a few preclinical studies showed a protective 
role of vitamin D analogues, indicating VDR as a 
potential novel biomarker for TNBC.8–10 Vitamin 
D metabolism also includes other non-VDR-re-
lated antiproliferative effects. One of its effects 
is promoting apoptosis through the insulin-like 
growth factor receptor 1 (IGFR)−phosphatidyli-
nositol 3 kinase (PI3K)−Akt-dependent signalling 
pathway.4 In breast cancer, vitamin D modulates 
the IGF-I/IGFBP ratio to decrease proliferation 
and increase apoptosis, and may be considered as a 
model of paracrine/autocrine interplay between the 
vitamin D and IGF systems.11 IGFR is a homodi-
meric receptor tyrosine kinase activated by IGF I/
II ligand binding which results in tumour growth 
and apoptosis blockade. This receptor is present 
in breast cancer as well as other malignancies and 
is being already targeted in several clinical trials.12 
However, the prognostic and predictive role of 
IGFR is not clearly defined in the literature.12 13 In 
breast cancer IGFR expression is mostly described 
and linked to hormone-related cancers.14–16 Only 
recently has the IGF system been reevaluated by 
preclinical studies in hormone-independent breast 
cancers and showed that TNBC cells express IGF 
receptors at levels similar to those present in oestro-
gen-responsive cell lines and that IGF1 is respon-
sible for increased proliferation and cell survival of 
all triple-negative cell lines.17 18 Clinical studies of 
VDR and IGFR expression and survival in TNBC 
are still scarce. In this study we investigated VDR 
and IGFR expression in patients with TNBC and 
compared them with clinical and pathological 
parameters and survival to demonstrate their prog-
nostic and therapeutic relevance.
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MeThodS
A retrospective analysis of 96 patients with TNBC who under-
went surgery in University Hospital Centre Split, Croatia between 
January 2003 and December 2012 was done. Clinical history 
information was collected through the breast cancer database of 
the Department of Oncology and Radiotherapy, Split University 
Hospital Centre. All procedures performed in studies involving 
human participants were in accordance with the ethical stan-
dards of the institutional and/or national research committee. 
Cases were selected prior to detailed follow-up documentation 
and tumour staging. Patients who received neoadjuvant chemo-
therapy, who were diagnosed at clinical stage IIIb and IV, and 
patients lacking documentation were excluded from the study. 
Patients were followed for survival events until December 2014. 
The mean follow-up was 69 months (range 3–143) from the 
primary surgery to the date of the last clinical control. Disease-
free survival (DFS) was defined as the interval from the date 
of the primary surgery to the first locoregional recurrence or 
distant metastases. OS was defined as the interval from the date 
of the primary surgery to death or to the last clinical control for 
the patients who were still alive.

histopathology and IhC
All H&E and IHC stained slides of tumours were reevaluated by 
two pathologists (ST, IM) and graded by the guidelines proposed 
by Elston and Ellis.19 The histological types were determined 
according to WHO.20 Tumour staging was based on TNM clas-
sification.21 Oestrogen receptor (ER), progesterone receptor (PR) 
and HER2/neu status were reevaluated previously according to 
American Society of Clinical Oncology (ASCO)/college of Amer-
ican Pathologists (CAP) guideline recommendations.22–24 Ki-67 
proliferating index was determined previously by counting 1000 
tumour cells using the Olympus Image Analyzer and was expressed 
as the percentage of positive cells, according to recommendations 
of the ‘International Ki-67 Breast Cancer Working Group’ for stan-
dardised Ki-67 assessment in clinical practice.25 26

Tissue samples were fixed in 10% buffered formalin, and 
embedded in paraffin wax for routine histological examina-
tion. Sections, 4 mm thick, were cut from a paraffin block of 
each specimen and attached to slides for IHC. The procedure 
was carried out using the fully automatized BenchMark Ultra 

automated IHC/ISH Slide Staining System, Ventana, Tucson, 
Arizona, USA. Deparaffinisation of the specimen and antigen 
epitope demasking were done before incubation with primary 
antibody for 32 min at 37°C. For IGFR immunostaining, anti-
IGF-1R (G11) rabbit monoclonal primary antibody 1.7 µg/mL 
(Ventana Medical Systems Inc) was used. For VDR immunos-
taining, VDR D-6, sc-13133, mouse monoclonal IgG antibody 
200 µg/mL, 1:200 dilution (Santa Cruz Biotechnology) was 
used. Specimens were washed in reaction buffer after each 
incubation with primary antibody and then incubated with 
secondary antibody (Ultraview Universal DAB Detection Kit, 
Ventana, Tucson, Arizona, USA) and contrasted with hematox-
illyn for 8 min.

VDR expression was considered positive if there was strong 
and extensive nuclear and cytoplasmic staining in the sample as 
described elsewhere (figure 1A).27 28

IGFR was considered positive if there was uniform, intense 
circumferential staining in more than 10% of tumour cells 
(figure 1B).29

Statistical analysis
Obtained data were analysed using SPSS for Windows. All 
p values less than 0.05 were considered to indicate statis-
tical significance. All statistical tests were two sided, with the 
95% CI. Correlations between categorical variables were 
studied using the χ2 test. For univariate analysis, survival time 
was analysed by the Kaplan–Meier method, and the log-rank 
test was used to assess differences among groups. For DFS and 
OS, survival time was censored at death if the patient was alive 
without relapse on 31 December 2014. For multivariate anal-
ysis, the Cox proportional hazard regression model was used to 
examine all factors found to be predictive of survival in univar-
iate analysis simultaneously.

ReSulTS
Out of 96 cases of TNBC, 81 (84.5%) were histologically iden-
tified as invasive carcinomas NOS, 12 (12.5%) metaplastic 
carcinomas, 2 (2%) medullary carcinomas, and 1 (1%) apocrine 
carcinoma. Out of 96 tumours, 26 (27%) showed positive 
immunostaining for VDR and 34 (35.5%) showed positive 

Figure 1 Immunohistochemistry staining of vitamin D receptor (A) and insulin-like growth factor receptor (B) antibodies in triple-negative breast 
cancer showing high expression (x400).
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immunostaining for IGFR. Clinical and histopathological char-
acteristics of analysed tumours are summarised in table 1.

Analysis of the relationship between VDR and clinicopath-
ological parameters showed that positive immunostaining was 
inversely correlated with higher mitotic score (p=0.006), higher 
histological grade (p=0.011) and higher proliferation index 
measured by Ki-67 (p=0.05).

IGFR-positive immunostaining was correlated with higher 
mitotic score (p=0.05) and higher proliferation index measured 
by Ki-67 (p=0.029). No significant correlation was found 
between the expression of VDR and IGFR (table 2).

At the end of follow-up, 67 (70%) patients were alive and 
well. During follow-up, 29 (30%) patients developed recidives or 
metastasis and died. All deaths were cancer related. Average DFS 
was 66 months (1–142) and average OS was 69 months (3–141) 
in the studied group of patients with TNBC, clinical grade I 
to IIIa. Univariate survival analysis revealed that the average 
DFS for patients with IGFR-positive tumours was 25 months 

shorter than for IGFR-negative tumours (log-rank (LR)=4.5; 
p=0.034) (figure 2). Univariate Cox regression analysis 
showed 2.1 times greater risk of disease relapse in patients 
with IGFR-positive tumours (HR=2.1; 95% CI=1.04 to 4.3; 
p=0.038). IGFR immunostaining was not associated with OS 
(LR=2.6; p=0.108), which was also confirmed with univar-
iate Cox regression analysis (HR=1.8; 95% CI=0.87 to 3.8; 
p=0.113). Patients with VDR-positive tumours had 26 months 
longer OS then patients with VDR-negative tumours (LR=3.6; 
p=0.05) (figure 3) but analysis did not show statistically signif-
icant risk for fatal outcome (HR=2.7; 95% CI=0.93 to 7.8; 
p=0.067). Patients with tumour size greater than 2.4 cm had 31 
months shorter DFS (LR=5.4; p=0.002) and 30 months shorter 
OS (LR=5.9; p=0.015). Tumour size greater than 2.4 cm 
showed statistically significant risk of disease relapse (HR=2.4; 
95%CI=1.1 to 5.1; p=0.024) and greater risk of fatal outcome 
(HR=2.6; 95%CI=1.2 to 5.6; p=0.019).

Patients with tumours that were at the same time VDR negative 
and IGFR positive had 48 months shorter average DFS (LR=5; 

Figure 2 Kaplan Meier disease-free survival (DFS) curves for insulin-
like growth factor receptor (IGFR)-negative expression and IGFR-positive 
expression.

Table 1 Clinical and histopathological features of 96 patients with 
TNBC

Variables  n

Age Years 62 (30–97)

Histological type NOS 81 (84.5%)

Others 15 (15.5%)

Histological grade 1 2 (2.1%)

2 15 (15.6%)

3 79 (82.3%)

Clinical stage I 28 (29.2%)

II 54 (56.2%)

IIIa 14 (14.6%)

Tumour size cm 2.4 (0.5–11)

Mitotic count No/10 HPF 26 (1–110)

Ki-67 % 55.6 (3–100)

VDR − 70 (72.9%)

+ 26 (27.1%)

IGFR − 62 (64.6%)

+ 34 (35.4%)

IGFR, insulin-like growth factor receptor; TNBC, triple-negative breast cancer; VDR, 
vitamin D receptor.

Table 2 Correlation between VDR and IGFR expression and clinicopathological parameters

VdR IGFR

− + χ2 p − + χ2 p

Tumour size ≤2.4 32 (46%) 15 (58%) 0.662 0.416 33 (53%) 14 (41%) 0.839 0.360

>2.4 38 (54%) 11 (42%) 29 (47%) 20 (59%)

Clinical stage 1 18 (25.7%) 10 (38.5%) 1.45 0.485 19 (30%) 9 (26.5%) 1.2 0.549

2 29 (41.4%) 9 (34,6%) 26 (41%) 12 (35.3%)

3 23 (32.9%) 7 (26,9%) 17 (29%) 13 (38.2%)

Mitotic count
No/10 HPF

≤26 32 (61.5%) 38 (86.5%) 7.436 0.006 38 (73%) 24 (54.5%) 0.05

>26 20 (38.5%) 6 (13.6%) 14 (27%) 20 (45.5%) 3.57

Grade 2 8 (11%) 9 (35%) 5.5 0.012 11 (18%) 6 (18%) 0 0.991

3 62 (89%) 17 (65%) 51 (82%) 28 (82%)

Ki-67% Median
(range)

65.2 (3–100) 48.5 (14.5–95) 0.050 55.3 (3–95) 72.1 (10–100) 0.029

IGFR − 44 (63%) 18 (69%) 0.116 0.734

+ 26 (37%) 8 (31%)

IGFR, insulin-like growth factor receptor; VDR, vitamin D receptor.
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p=0.025) (figure 4) and were 2.2 times at greater risk of disease 
relapse (HR=2.2; 95%CI=1.1 to 4.7; p=0.029). Their OS was 
41 months shorter than the other patients (LR=3.6; p=0.05) 
(figure 5) with no statistically significant risk for fatal outcome 
(HR=2.1; 95%CI=0.96 to 4.4; p=0.064). These results are 
summarised in table 3.

In order to identify independent predictors of DFS and OS, 
multivariate analyses were performed which included all vari-
ables that yielded significant p values by univariate analysis. The 
only independent death outcome predictor was tumour size 
greater than 2.4 cm (HR=2.4; 95% CI 1.1 to 5.2, p=0.034).

dISCuSSIon
Breast cancer is a major health problem and one of the leading 
causes of death in women worldwide. For many years it was 
considered as a simple disease dependent only on hormonal 
receptors. Later various molecular subtypes or molecular profiles 
of breast cancers were described based on cDNA micro-arrays.30 
Homogeneous subtypes of breast cancer have been identified, 
and treatment strategies were developed that were more suited 
to the biology of breast cancer than was possible beforehand. 
The development of new classifications of breast cancer presents 
an opportunity to improve therapies and therapeutic choices and 
to arrive at a better understanding of the role of lifestyle factors 
in the aetiology of the disease.31

TNBC is characterised by a lack of expression of ER and PR as 
well as an absent overexpression of HER2/neu receptor. TNBC 
exhibits a more aggressive clinical course than non-TNBC and 
is associated with poorer survival than other subtypes.32 In our 
study we had a long-term follow-up for patients with TNBC. 
DFS and OS range for clinical stages I–IIIa were similar to previ-
ously published results, with no difference among groups, so it 
was concluded that unlike other subtypes, TNBC outcome is less 
clearly related to stage.33

Vitamin D and its metabolism play a significant role in the 
development and function of mammary glands, and VDR is 
proven to be expressed in normal breast tissue. Large epidemi-
ological studies have been performed on vitamin D intake and 
survival, suggesting its protective role in breast cancer develop-
ment.34 35 Lopes and associates showed deregulation of vitamin 
D metabolic and signal pathways in different stages of breast 
cancer in which there is lower VDR expression than in normal 
tissue.28 Our study showed that VDR was expressed in 27% of 
TNBC cases and that lack of its expression correlates with higher 
mitotic score, higher histological grade and higher proliferation 
index measured by Ki-67. Survival analysis showed that VDR 
expression is linked to survival and that patients with VDR-pos-
itive tumours had 26 months longer OS compared with patients 
with VDR-negative tumours.

Figure 3 Kaplan–Meier overall survival (OS) curves for vitamin D 
receptor (VDR)-positive expression and VDR-negative expression.

Figure 4 Kaplan–Meier disease-free survival (DFS) curves for 
vitamin D receptor (VDR)-negative/insulin-like growth factor receptor 
(IGFR)-positive expression compared with other groups of VDR/IGFR 
expression.

Figure 5 Kaplan–Meier overall survival (OS) curves for vitamin D 
receptor (VDR)-negative/insulin-like growth factor receptor (IGFR)-
positive expression compared with other groups of VDR/IGFR 
expression.
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Many studies identified ER-positive breast cancer as an 
important target for anti-IGFR therapy while the significance of 
IGFR as a target in TNBC has been neglected. However, there 
is growing evidence indicating a role for IGFR in this aggressive 
subtype of breast cancer.17 18 Preclinical studies on cell cultures 
showed considerable variations in expression of IGFR in TNBCs 
but overall expression is as significant and important in TNBC 
as in oestrogen-responsive cells.36 Our study showed that 35.5% 
of TNBC tumours express IGFR and that its overexpression 
correlates with higher mitotic score and higher proliferation 
index measured by Ki-67. Survival analysis revealed a strong 
link between IGFR expression and DFS, with the average DFS 
for patients with IGFR-positive tumours 25 months shorter than 
for IGFR-negative tumours and they had a 2.1 times greater risk 
of developing recidives and distant metastases than patients with 
tumours not expressing IGFR.

We took into consideration the combined effect of VDR and 
IGFR expression and its role in prognosis and survival regarding 
previous research about vitamin D and IGF system interaction in 
the inhibition of cell proliferation and survival of the mammary 
cells.36 37 Although we did not find any significant correlation 
between the expression of the two receptors, we found signifi-
cantly shorter DFS (48 months) and OS (41 months) in patients 
expressing IGFR and lacking VDR expression at the same time.

This research is in concordance with other studies that 
described the proliferative effect of IGFR and the antiprolif-
erative effect of VDR in this subtype of breast cancer.8 18 28 38 
However, the finding that approximately one third of TNBCs 
express VDR and IGFR and that their expression is linked with 
disease relapse and survival makes them possible targets for 
treatment as already proposed for anti-IGFR combined treat-
ment with cytostatics for many other types of cancer, including 
breast cancer and TNBC.39 40 The expression of these receptors 
might also serve as a prognostic tool for selecting patients with 
TNBC with poor outcome. However, better knowledge of the 
biology of this aggressive form of breast cancer would allow us 
to create better prognostic evaluation and new specific treatment 
approaches dedicated to this hard to treat disease for which ther-
apeutic options are currently limited.
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