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Abstract 27 

Background: Interferon-γ (IFN-γ) is a pleiotropic immunomodulatory cytokine. Because of its 28 

contradictory and even dualistic roles in malignancies, its potential as a biomarker remains to be 29 

unraveled.  30 

Aim: To evaluate the prognostic significance of serum IFN-γ in hormonally treated breast cancer 31 

patients. 32 

Material and methods: The study included 72 premenopausal breast cancer patients with known 33 

clinicopathological characteristics. All patients received adjuvant hormonal therapy based on 34 

hormone receptor-positivity. The median follow-up period was 93 months. IFN-γ serum protein 35 

levels were determined by quantitative ELISA. Prognostic performance was evaluated by the 36 

receiver operating characteristic (ROC), Cox proportional hazards regression and Kaplan-Meier 37 

analyses. Classification of patients into IFN-γlow and IFN-γhigh subgroups was performed by the 38 

use of the outcome-oriented cut-off point categorization approach. 39 

Results: The best prognostic performance was achieved by IFN-γ (AUC=0.24 and p=0.01 for 40 

distant events, AUC=0.29 and p=0.01 for local and distant events combined). Age and IFN-41 

γ were prognostically significant in instances of all types of outcomes and IFN-γ was the 42 

independent prognostic parameter (Cox regression). There was a significant difference between 43 

IFN-γ values of patients without any events and those with distant metastases (Mann-Whitney 44 

test, p=0.007). IFN-γ levels correlated significantly with nodal status and tumor stage 45 

(Spearman’s rank order, r=-0.283 and r=-0.238, respectively). Distant recurrence incidence was 46 

4% for the IFN-γhigh subgroup and 33% for the IFN-γlow subgroup (Kaplan–Meier analysis).  47 

Conclusions: Raised serum IFN-γ levels associate independently with favorable disease outcome 48 

in hormonally dependent breast cancer.  49 

 50 
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1. Introduction 54 

Interferon-γ (IFN-γ) is the sole member of the type II interferon family, a pleiotropic 55 

cytokine with primarily antiviral but also immunomodulatory functions, which plays an 56 

important role in coordinating both innate and adaptive immune responses [1]. Its expression is 57 

mainly from natural killer (NK) and natural killer T (NKT) cells in innate immunity while CD8+ 58 

and CD4+ T-cells are major paracrine sources of IFN-γ during the adaptive immune response 59 

[2]. These cells are stimulated by interleukins produced in situ, tumor- or pathogen- antigens, 60 

and by IFN-γ itself through a positive feedback loop [3]. Besides its autocrine effects on the IFN-61 

γ-producing cells, IFN-γ also acts on stromal cells in an inflamed or tumor microenvironment 62 

(e.g. macrophages, dendritic cells, B cells, endothelial cells), as well as on tumor cells. The effect 63 

of IFN-γ is mediated through the induction of interferon signature genes (ISGs) that alter the 64 

function of the target cells [1, 4]. 65 

Based on the current knowledge, the effect of host-derived IFN-γ can be both anti-66 

tumorigenic and pro-tumorigenic because of its complex effects in immunoediting [5]. Although 67 

the anti-tumoral effects of IFN-γ i.e. inhibition of the growth of several tumor cell lines including 68 

breast cancer cells, has been demonstrated in different studies, tumor cells can escape from the 69 

control of this cytokine in the early stages of tumor development, either due to a decreased 70 

expression of IFN-γ and/or through an alteration of either its receptors or transduction elements 71 

[6]. Furthermore, IFN-γ may actually reduce immune responses through enhanced activation of 72 

distinct immunosuppressive mechanisms that allow tumor progression and metastasis [1]. A 73 

recent study demonstrated that in the presence of IFN-γ producing cytotoxic T-cells, tumor cells 74 

developed genetic instability, which supported their genetic evolution and immune escape [7]. 75 

Approximately 70% of human breast cancers are hormone-dependent and express 76 

hormone receptors – estrogen receptor (ER) and/or progesterone receptor (PR) [8]. The 77 

introduction of adjuvant (postoperative) systemic therapy leads to a significant improvement in 78 

post-surgical survival and a reduction in disease relapse, especially in women with ER-positive 79 

(ER+) breast cancer, who may receive hormonal therapy alone or in combination with cytotoxic 80 

therapy [9]. Due to hormone receptor-positivity of breast cancer, these patients were treated with 81 

adjuvant endocrine therapy: tamoxifen alone or a combination of tamoxifen and luteinizing 82 

hormone-releasing hormone (LHRH) agonist goserelin [10]. Tamoxifen is known to have a dual 83 

mechanism of action: to compete with 17β-estradiol (E2) at the receptor site and to block the 84 
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promotional role of E2 in breast cancer, to bind DNA after metabolic activation and to initiate 85 

carcinogenesis [11]. LHRH agonists are recommended in younger breast cancer patients as they 86 

induce temporary ovarian suppression and thus preserve ovarian function from the toxic effects 87 

of chemotherapy [12]; these premenopausal women are at relatively high risk of relapse [13]. 88 

However, despite the effectiveness of hormonal therapy, ER+ breast cancers still show high 89 

recurrence rates, largely due to the phenomenon of resistance to hormonal therapy. 90 

Nonetheless, de novo and acquired resistance remain the major problems in treatment of 91 

breast cancer patients and identification of resistance biomarkers remains unresolved. Although 92 

IFN-γ has been studied for a long time, because of its contradictory and even dualistic roles in 93 

malignancies, its potential as a biomarker remains to be unraveled. Therefore, this study aimed to 94 

evaluate the relationship between serum protein levels of IFN-γ and clinical outcome in 95 

hormonally-treated breast cancer patients. 96 

2. Material and methods 97 

2.1 Patients 98 

This retrospective study included 72 premenopausal women with breast cancer. 99 

Clinicopathological characteristics of the patients at the time of primary diagnosis are presented 100 

in Table 1. Patients were diagnosed at different stages of the disease, but none of them had 101 

metastases at the time of diagnosis. All patients underwent surgical resection, their median age 102 

was 45 years. Histological specimens were examined and classified according to the criteria of 103 

the American Joint Committee on Cancer / Union International Contre le Cancer (AJCC/UICC) 104 

for TNM stage, histological type, tumor grade and receptor status. Patient data were received in 105 

an anonymised form without indirect identifiers that could enable re-identification (Safe-Harbour 106 

methodology of the 2012 Health Insurance Portability and Accountability Act). 107 

This non-interventional, retrospective, study was approved by the Institutional Ethics 108 

committee of the Institute of Oncology and Radiology of Serbia and conforms to The Code of 109 

Ethics of the World Medical Association (Declaration of Helsinki), printed in the British Medical 110 

Journal (18th July 1964) and its later amendments. 111 

All patients received adjuvant (postoperative) hormonal therapy based on estrogen receptor 112 

(ER) and/or progesterone receptor (PR) proportion scoring according to Allred et al. [14]. 113 

Endocrine therapy consisted of tamoxifen alone or a combination of tamoxifen and LHRH 114 
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agonist goserelin (Zoladex®). According to the standard protocol at our hospital, 115 

postmenopausal breast cancer patients were switched to aromatase inhibitors (AIs) as part of 116 

adjuvant endocrine treatment. Therefore, in this study we included the premenopausal breast 117 

cancer patient group which was uniformly positive for hormone receptors that received 118 

tamoxifen alone or a combination of tamoxifen and goserelin. Such design has reduced the group 119 

heterogeneity which could mask or alter the prognostic role of IFN-γ. Taken together, the 120 

inclusion criteria were: premenopausal status, hormone receptor-positivity and hormone therapy. 121 

Fifty-two patients received tamoxifen alone over 5 years after operation while 20 patients (≤44 122 

years of age) received a combination of tamoxifen and goserelin (LHRH agonist) for 3 years 123 

after the operation and then continued with tamoxifen alone for 2 years (up to 5 years). 124 

To provide insight into the prognostic performance of serum IFN-γ in breast cancer, we 125 

evaluated whether IFN-γ serum levels were associated with the, retrospectively recorded, actual 126 

occurrence of distant and local events. Local recurrence refers to the development of 127 

locoregional changes (in the same breast or regional lymph nodes), while distant recurrence 128 

refers to distant metastasis such as the bone, lung, liver and brain [15]. The follow-up period was 129 

from 60 up to 172 months, with a median of 93 months.  130 

2.2 Measurement of IFN-γ levels in serum  131 

Five milliliters of peripheral blood were taken from all patients postoperatively. Blood 132 

samples were centrifuged at 950 g for 10 min and serums were stored at ≤ −70 °C.  133 

IFN-γ levels were determined by ELISA according to the manufacturer’s instructions 134 

(Human IFN-γ Quantikine HS ELISA, R&D Systems, Minneapolis, USA). 135 

2.3 Measurement of hormone levels in serum 136 

Follicle-stimulating hormone (FSH), luteinizing hormone (LH) and estradiol levels were 137 

measured by ELISA according to the manufacturer’s instructions (Human Diagnostics GmbH, 138 

Wiesbaden, Germany).  139 

2.4 Prognostic performance evaluation 140 

The receiver operating characteristic (ROC) analysis by the area under the ROC curve 141 

(AUC) was employed as a quantitative measure of discrimination efficiency. Discrimination is 142 

the capability to stratify patients who experience the event and patients who do not experience 143 
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the event. AUC ranges from 0.5 (chance accuracy) to 1.0 (perfect accuracy), with the 144 

intermediate benchmarks of: 0.4-0.5 or 0.5-0.6 (poor), 0.3-0.4 or 0.6-0.7 (fair), 0.2-0.3 or 0.7-0.8 145 

(moderate), 0.1-0.2 or 0.8-0.9 (good) and 0.0-0.1 or 0.9-1.0 (excellent) [16]. Kaplan–Meier 146 

analysis was done for the period from tumor extraction surgery until the occurrence of local and 147 

distant events (IBM SPSS Statistics for Windows version 24, IBM Corp. Chicago, IL, USA). 148 

ROC analysis was based on continuous feature values, while Cox proportional hazards 149 

regression used categorized feature values. 150 

Categorization of the continuous values measured in serum was achieved by the outcome-151 

oriented optimal cut-off point selection by use of the log-rank test and the X-tile 3.6.1 software 152 

from Yale University (New Haven, CT, USA) [17]. Univariate Cox proportional hazards 153 

regression test was performed for comparison of the prognosticated and actual, local and distant 154 

events. The HR designates the effect size by Cox regression, corresponding to recurrence rates in 155 

high- and low-risk groups of patients (IBM SPSS). Each feature satisfied the proportional 156 

hazards assumption based on the Schoenfeld residuals by phtest (Stata/MP 13 package, 157 

StataCorp, College Station, TX, USA). Multivariate stepwise Cox proportional hazards 158 

regression analysis was performed to test for the independence of each prognostic factor. 159 

Variables categorized by the outcome were added to a full model using the forward selection 160 

entry criterion of p ≤ 0.05 in univariate analysis and removed using backward elimination by the 161 

selection stay criterion of p < 0.05 in IBM SPSS Statistics for Windows.  162 

2.5 Validation  163 

The p-values and confidence intervals (95%CI) of the obtained HRs and AUCs were 164 

corrected for bias using the bootstrap internal validation in IBM SPSS Statistics version 24 for 165 

Windows. Bootstrap resample validation is a very powerful tool for testing model stability by 166 

constructing confidence intervals and calculating p-values [18]. The bootstrap variant of 167 

resampling with replacement produces new "surrogate" data sets with the same number of cases 168 

as the original data set. This is achieved by a random selection of observations from the original 169 

sample until the same number of observations is achieved, followed by calculation of prognostic 170 

estimates such as the 95%CI and p-value. The performed bootstrap is defined as “resampling 171 

with replacement” because the selected observations are not removed from the pool during 172 

resampling. Therefore, some measurements may be selected multiple times while certain 173 
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observations may not appear in a resample. By creating 1000 different resamples bootstrapping 174 

offers a more stable estimate of the prognostic performance. 175 

3. Results 176 

3.1. Sample size calculation 177 

The sample size calculation was based on a pilot experiment with 35 patients. The 178 

calculation parameters obtained from the pilot experiment were: target power of 0.8, effect size 179 

by hazard ratio (HR) of 5, significance level of 0.05, variability in standard deviations (SD) of 180 

0.65 and the event rate of 12%. We calculated the variability for each feature as a distance 181 

between average values of the patient subgroups with and without the actual recurrence, 182 

expressed in SD.  183 

The required numbers were 60 patients with eight events. The actual patient number recruited 184 

was 72 with ten distant events and eight local events; and the average SD distance between the 185 

subgroups with and without recurrence was 0.68 for distant events and 0.61 for local events 186 

respectively. The event rate was 11% for local and 14% for distant events. The effect size for 187 

IFN-γ was 0.19 or 5.3 for local events and 0.12 or 8.3 for distant events. This resulted in the 188 

actual power of 0.82 for prognostication of the local events and 0.995 for distant events. 189 

Calculations were performed by the two-sided stpower cox test (Stata/MP 13 software, 190 

StataCorp, College Station, TX, USA). 191 

3.2 Prognostic performance evaluation and validation 192 

Table 1 presents clinicopathological characteristics of the premenopausal patients at the time 193 

of primary diagnosis. Table 2 presents the statistical evaluation of the association between the 194 

available variables and the, retrospectively recorded, actual local and/or distant events. During 195 

the follow-up time, 25% of patients developed local or distant recurrence. In our study the time 196 

frame for local recurrences was 26 to 89 months whilst for distant recurrences it was 20 to 56 197 

months. The statistical association was calculated against three outcomes: only local, only distant 198 

or distant+local events.  199 

Age and IFN-γ were prognostically significant in instances of all types of outcomes 200 

(Table 2). Local events could not be prognosticated by any of the tested parameters according to 201 

the criteria of ROC analysis, whilst distant events could be by age, PR, nodal status and IFN-γ 202 
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(Table 2). Local and distant events combined could be prognosticated by age and IFN-γ. By the 203 

measure of AUC, the best prognostic performance was achieved by IFN-γ (AUC=0.24 and 204 

p=0.01 for distant events, AUC=0.29 and p=0.01 for local and distant events combined). ROC 205 

analyses of the IFN-γ serum levels in the prognosis of distant and local events are presented in 206 

Figure 1 (A-C). 207 

In univariate Cox proportional hazards regression analysis, the most pronounced HR was 208 

observed with age, FSH, tumor size and IFN-γ for local and distant events combined (Table 2). 209 

AUC values below 0.5 and HRs below 1.0 indicate a prognostic association with good disease 210 

outcome. For instance, HR of 0.04 obtained for IFN-γ indicated that patients with IFN-γ serum 211 

protein levels above the outcome-oriented threshold had a 25-fold lower risk of incurring an 212 

event in comparison to patients with IFN-γ levels below the threshold. When distant metastases 213 

and local relapses were separated as events, the most pronounced HR by the Cox regression was 214 

observed with age, estradiol, tumor size and IFN-γ for both distant and local events (Table 2).  215 

The multivariate Cox proportional hazards regression analysis of the metastasis risk 216 

included age, estradiol, FSH, LH, PR, nodal status, tumor size, HER2 and IFN-γ because they all 217 

satisfied the forward entry criterion of p≤0.05 in the univariate analysis by distant events. 218 

Multivariate analysis was performed considering distant events because these are the most 219 

relevant for disease outcome. Furthermore, IFN-γ prognosticated distant metastases better than 220 

local recurrences (Table 2). This analysis highlighted IFN-γ and lymph node status as the 221 

independent prognostic parameters (Table 3). This result was also supported by a Mann-Whitney 222 

rank sum test, which showed a significant difference between IFN-γ values of patients without 223 

any events and those with distant metastases (p=0.007) but not between patients without any 224 

events and those with local relapses (p=0.14).  225 

The average±standard deviation (SD) IFN-γ measured values were 35.7±8.3 pg/mL for 226 

patients without recurrences, 18.3±2.8 pg/mL for patients with distant metastases and 23.0±3.2 227 

pg/mL for patients with local relapses. In our patient group distant metastases were seen in the 228 

bones (4), lungs (3), CNS (2) and liver (1). When events were divided based on distant 229 

metastatic sites, their numbers were too low for reliable statistical analysis according to the 230 

sample size calculation. By Spearman’s rank order correlation test, IFN-γ levels correlated 231 

significantly with age, nodal status and tumor stage (Table 4). A positive correlation was found 232 

between age and IFN-γ levels (r=0.324) and a negative correlation between nodal status and 233 
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IFN-γ levels (r=-0.283) as well as between tumor stage and IFN-γ levels (r=-0.238). Taken 234 

together, higher serum protein levels of IFN-γ indicated lower recurrence risk.  235 

Figure 1 (D-F) presents Kaplan-Meier plots for IFN-γ in prognostication of distant and 236 

local events. Classification of patients into IFN-γlow and IFN-γhigh subgroups was performed by 237 

the use of the outcome-oriented cut-off point categorization approach. P-values were calculated 238 

by the Cox proportional hazards regression test. A wider separation between upper and lower 239 

curves indicates better prognostic performance. Considering distant and local events combined, 240 

recurrence incidence was 0% for the IFN-γhigh subgroup and 28% for the IFN-γlow subgroup 241 

(Figure 1D). When distant metastases and local relapses were separated as events, distant 242 

recurrence incidence was 4% for the IFN-γhigh subgroup and 33% for the IFN-γlow subgroup 243 

(Figure 1E), while local recurrence incidence was 6% for the IFN-γhigh subgroup and 24% for 244 

the IFN-γlow subgroup (Figure 1F).  245 

4. Discussion 246 

In our previous study, based upon the long-term follow-up of 73 pN0M0 breast cancer 247 

patients after surgery & radiotherapy receiving no subsequent systemic therapy, we investigated 248 

the prognostic value of intratumoral IFN-γ mRNA and protein levels [19]. Over the entire period 249 

of 14 years of follow-up neither IFN-γ mRNA nor IFN-γ protein levels were significantly 250 

associated with breast cancer outcome by ROC analysis or Cox regression criteria, but 251 

intratumoral IFN-γ mRNA was associated significantly with favorable disease outcome over the 252 

first 7 years of follow-up. [19]. The current study demonstrates the prognostic value of 253 

measuring IFN-γ in the serum of patients with breast cancer; this allows easy sampling and 254 

repeated measurements. Furthermore, ELISA is a widely used and inexpensive method in routine 255 

clinical laboratory practice. The main finding of the study, in a patient group with a median 256 

follow-up of 7.5 years, is that raised serum IFN-γ protein levels associated significantly with 257 

favorable disease outcome. 258 

A recent study examined the molecular subtype-specific prognostic significance of IFN-γ 259 

as a single gene as well as an IFN-γ signature covering the signalling pathway in breast cancer 260 

patients [20]. Heimes et al. found that the independent prognostic significance of IFN-γ as a 261 

single gene was limited to basal-like breast cancer but the IFN-γ-associated gene signature was 262 

the independent prognostic factor in the whole cohort [20]. Higher expression of the IFN-γ-263 



10 
 

signature was associated with a better prognosis and that is in accordance with our results. Also 264 

in agreement with our results was another study that investigated the prognostic significance of 265 

intratumoral IFN-γ mRNA in invasive cervical cancer patients and found that the good-prognosis 266 

patient subgroup had higher IFN-γ mRNA expression [21]. Two other studies reported that the 267 

IFN-γ gene signature predicted significant improvement in both progression-free survival and 268 

overall survival in uterine and ovarian cancer for patients with higher intratumoral IFN-γ 269 

expression [22, 23]. In hepatocellular cancer patients, low serum IFN-γ levels were associated 270 

significantly with greater tumor size and advanced stage, and patients with lower baseline IFN-γ 271 

levels had a higher risk of recurrence [24]. Similarly, we found in this study low serum IFN-γ 272 

levels associated significantly with the unfavorable clinicopathological features of nodal spread 273 

and advanced stage. Finally, a recent study investigated the association between IFN-γ levels and 274 

clinical outcomes in non-small-cell lung cancer patients receiving immunotherapy [25]. In this 275 

study median progression-free survival was significantly longer in the subgroup of patients with 276 

higher IFN-γ levels. Furthermore, IFN-γ levels in the non-progressing disease group were 277 

significantly higher than in those patients who did show progression [25]. Our results in 278 

hormonally dependent breast cancer are in agreement with all of these previous studies on breast 279 

and other solid malignancies. Although several breast cancer studies have shown that IFN-γ 280 

levels are inversely correlated with intratumoral ER and PR expression [19, 26], in this study we 281 

found no correlation between IFN-γ and hormone levels, nor between IFN-γ and the ER and PR 282 

hormone receptors.  283 

IFN-γ is a pleiotropic immunomodulatory cytokine that exerts contradictory and 284 

polarizing roles in malignancies, manifested by the opposing actions depending on the cellular, 285 

microenvironmental or molecular context [27]. Several studies have shown that IFN-γ induces an 286 

immunoevasive/survival gene expression signature, including upregulation of CTLA4, in skin 287 

melanocytes in the context of exposure to genotoxic ultraviolet radiation (UVR), which may play 288 

an important role in protecting melanocytes from eradication by the UVR-induced inflammatory 289 

response [28, 29]. Such protective functions of IFN-γ signalling could be exploited by cancer 290 

cells to evade immune-mediated destruction and to survive long-term until they accumulate 291 

enough mutations to get fully transformed [27]. 292 

Considering the effect of hormonal therapy on breast cancer, it exerts multiple effects on 293 

the expression of tumor biological variables. Lindner et al. showed that tamoxifen enhanced 294 
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interferon-regulated gene expression in breast cancer cells and this enhancement was an early 295 

event in the anti-tumoral activity [30]. Another study showed that IFN-γ increased the growth 296 

inhibitory effect of tamoxifen in breast metastatic carcinomas [6]. On the contrary, RNA 297 

sequencing of tamoxifen-resistant breast cancer cells indicated that expression of ISGs by tumor 298 

cells is involved in acquired treatment-induced resistance [31]. Furthermore, high ISGs 299 

expression levels were associated with worse outcome in breast cancer patients treated with 300 

adjuvant tamoxifen [31]. Ning et al. showed the ability of IFN-γ to induce apoptosis and restore 301 

the responsiveness of breast cancer cells to antiestrogen therapy [32]. Moreover, IFN-γ induced 302 

the expression of IFN regulatory factor 1 (IRF1), a tumor suppressor gene that can increase 303 

antiestrogen responsiveness, which implied that upregulating IRF1 might be a successful 304 

approach in the treatment of ER+ breast cancers that have acquired resistance to antiestrogen 305 

therapy [32]. From our results, we can speculate that hormonal therapy and endogenous IFN-γ 306 

might exert synergistic effect resulting in improvement of the patient’s outcome, as the high 307 

IFN-γ expression might positively affect the efficiency of hormonal therapy. 308 

Although we satisfied the sample size requirement and the patient group was highly 309 

homogenized, limitations of this study include the patient group size. Additional studies in 310 

external and larger patient groups are needed to further verify the clinical validity of the reported 311 

prognostic value of the serum IFN-γ levels.  312 

5. Conclusions 313 

In conclusion, raised serum IFN-γ levels associate independently with favorable disease 314 

outcome in hormonally dependent breast cancer. Moreover, low serum IFN-γ levels associate 315 

with the unfavorable clinicopathological features of nodal spread and advanced stage. Although 316 

there are findings suggesting that IFN-γ is a hormonally regulated factor, our results showed no 317 

correlation between IFN-γ and hormone levels, neither between IFN-γ and hormone receptors.  318 

This study provides the first prognostic evaluation of IFN-γ in a patient group 319 

homogenous for hormone receptors. Clinical applicability of the study is based on the relevance 320 

for breast cancer immunotherapy research and the importance of prognosis for the identification 321 

of patients at high risk of recurrence who may benefit from more aggressive personalized 322 

treatments. Furthermore, this study is of high importance for advancing the prognosis of breast 323 

cancer because IFN-γ can easily be measured in serum, on repeated occasions, using ELISA, a 324 
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well-established, cost-effective analysis technology widely used in routine clinical laboratory 325 

practice. 326 

 327 
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7. Tables  435 

Table 1. Clinicopathological characteristics at the time of primary diagnosis 436 

Parameter Number of 
patients 

% 

Age (years) 
 ≤ 45 (median) 
 > 45 

 
32 
40 

 
44 
56 

Recurrence 
 distant 
 local 
 (distant+local) 
 no recurrence 

 
10 
8 

(18) 
54 

 
14 
11 

(25) 
75 

Tumour size (cm) 
  ≤ 2 
  2 – 5  
  > 5 

 
32 
26 
14 

 
45 
36 
19 

Nodal status 
 N0 
 N+ 

 
35 
37 

 
49 
51 

Histological type 
 Invasive ductal 
 Invasive lobular 
 other types 

 
31 
24 
17 

 
43 
33 
24 

Stage 
 1 
 2 
 3 

 
21 
30 
21 

 
29 
42 
29 

Histological grade 
 G1 
 G2 
 G3 
 data not available 

 
12 
53 
2 
5 

 
17 
73 
3 
7 

Hormone therapy 
 Tamoxifen 
 Tamoxifen+Goserelin 

 
52 
20 

 
72 
28 

Estrogen receptor status 
 ERlow 
 ERhigh 

 
8 

64 

 
11 
89 

Progesterone receptor status 
 PRlow 
 PRhigh 
  data not available 

 
6 

59 
7 

 
8 

82 
10 

HER2 status 
 HER2− 
 HER2+ 
  data not available 

 
62 
9 
1 

 
86 
13 
1 

Abbreviations: ER, estrogen receptor; ERlow, ER Allred proportion score < 3; ERhigh, ER Allred 437 
proportion score ≥ 3; PR, progesterone receptor; PRlow, PR Allred proportion score < 3; PRhigh, PR Allred 438 
proportion score ≥ 3; HER2, human epidermal growth factor receptor 2; HER2–, HER2 gene not 439 
amplified; HER2+, HER2 gene amplification. 440 
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Table 2. Prognostic performance of clinicopathological parameters and IFN-γ  441 

 442 
a ROC analysis prognostic test, based on continuous parameter values prior to their categorisation. 443 
b Univariate Cox proportional hazards regression test, based on categorized parameter data. 444 
c bootstrap corrected 445 
* P ≤ 0.05 446 
 447 
Abbreviations:  LH, luteinizing hormone; FSH, follicle-stimulating hormone; ER, estrogen receptor; PR, 448 
progesterone receptor; HER2, human epidermal growth factor receptor 2; IFN-γ, interferon gamma. 449 
  450 

 Distant and local 
events Distant metastasis Local recurrence 

Variable 
AUCa 

95% CIc 

P-valuec 

HRb   
95% CIc 

P-valuec 

AUCa 

95% CIc 

P-valuec 

HRb   
95% CIc 

P-valuec 

AUCa 

95% CIc 

P-valuec 

HRb   
95% CIc 

P-valuec 

Age 
0.32 

0.17 – 0.46 
0.03* 

0.21 
0.05 – 0.54 

0.002* 

0.28 
0.13 – 0.42 

0.02* 

0.12 
0.02 – 0.42 

0.002* 

0.35 
0.15 – 0.55 

0.18 

0.19 
0.002 – 0.83 

0.003* 

Estradiol 
0.52 

0.37 – 0.67 
0.81 

0.34 
0.03 – 0.92 

0.09 

0.54 
0.36 – 0.73 

0.66 

26.7 
22.9 – 33.8 

0.001* 

0.47 
0.29 – 0.65 

0.79 

0.03 
0.02 – 0.04 

0.001* 

LH 
0.45 

0.29 – 0.61 
0.56 

0.41 
0.04 – 1.80 

0.24 

0.50 
0.33 – 0.68 

0.99 

0.04 
0.03 – 0.05 

0.001* 

0.38 
0.17 – 0.59 

0.27 

0.89 
0.04 – 5.05 

0.92 

FSH 
0.43 

0.29 – 0.61 
0.56 

0.16 
0.04 – 0.70 

0.001* 

0.45 
0.27 – 0.63 

0.62 

0.04 
0.03 – 0.04 

0.001* 

0.46 
0.22 – 0.71 

0.73 

1.79 
0.04 – 8.24 

0.45 

ER 
0.45 

0.28 – 0.61 
0.51 

0.97 
0.73 – 1.29 

0.76 

0.43 
0.23 – 0.63 

0.46 

0.92 
0.66 – 1.32 

0.54 

0.49 
0.27 – 0.71 

0.92 

1.01 
0.74 – 1.95 

0.94 

PR 
0.36 

0.19 − 0.52 
0.10 

0.47 
0.1 − 23.8 

0.28 

0.26 
0.09 − 0.43 

0.02* 

0.15 
0.004 − 0.63 

0.01* 

0.60 
0.40 − 0.80 

0.39 

9.6 
1.75 – 242.2 

0.03* 

Histological 
grade 

0.59 
0.42 – 0.75 

0.30 

7.6 
0.73 – 507.8 

0.21 

0.63 
0.43 – 0.83 

0.20 

23.3 
0.65 – 1248.9 

0.08 

0.51 
0.27 – 0.75 

0.95 

1.68 
0.17 – 1299 

0.79 

Nodal 
status 

0.59 
0.42 – 0.75 

0.30 

1.35 
0.71 – 2.33 

0.24 

0.69 
0.54 – 0.90 

0.03* 

2.1 
1.16 – 4.44 

0.004* 

0.31 
0.15 – 0.47 

0.08 

0.34 
0.04 – 0.83 

0.04* 

Tumor size 
0.63 

0.48 – 0.79 
0.10 

46.6 
33.8 – 69.4 

0.001* 

0.67 
0.49 – 0.85 

0.09 

11.5 
2.9 – 601.8 

0.002* 

0.71 
0.50 – 0.92 

0.06 

5.4 
1.1 – 298.9 

0.005* 

HER2 
0.55 

0.38 – 0.71 
0.57 

1.45 
0.34 – 4.1 

0.49 

0.65 
0.45 – 0.85 

0.13 

3.24 
0.83 – 14.2 

0.05* 

0.45 
0.29 – 0.60 

0.50 

0.46 
0.03 – 2.61 

0.33 

Stage 
0.33 

0.16 – 0.49 
0.07 

1.50 
0.78 – 3.2 

0.19 

0.46 
0.31 – 0.60 

0.58 

2.03 
0.88 – 6.62 

0.09 

0.48 
0.34 – 0.63 

0.82 

0.78 
0.32 – 1.95 

0.57 

IFN-γ 
0.29 

0.14 – 0.42 
0.01* 

0.04 
0.03 – 0.04 

0.001* 

0.24 
0.08 – 0.40 

0.01* 

0.12 
0.004 – 0.58 

0.003* 

0.37 
0.18 – 0.56 

0.23 

0.19 
0.003 – 0.92 

0.005* 
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Table 3. Multivariate Cox proportional hazards regression analysis of the prognostic features a,b,c  451 

 452 
 453 

 454 

 455 

 456 
 457 
 458 
a Cox multivariate stepwise regression was performed by the forward entry criterion of p≤0.05 and the backward 459 
elimination criterion of p<0.05. Only the remaining features are thus presented in this Table. 460 
b Analysis was performed on the basis of distant metastases as events. 461 
c Performed by use of categorized data. 462 
* P ≤ 0.05 indicated statistical significance. 463 
 464 
Abbreviations: IFN-γ, interferon gamma. 465 
 466 

  467 

Parameter P-value 
HR 

95% CI 

IFN-γ 0.01* 
0.17 

0.04 – 0.68 

Nodal status 0.05* 
1.88 

1.00 – 3.49 
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Table 4. Correlations between serum levels of IFN-γ and the major clinicopathological 468 

parameters a 469 
 470 

a Continuous numerical values were used for calculation of Spearman's coefficients except for nodal status, disease 471 
grade and stage, which are inherently categorical.  472 
* Spearman’s correlation coefficients with P ≤ 0.05  473 
 474 
Abbreviations: IFN-γ, interferon gamma; FSH, follicle-stimulating hormone; LH, luteinizing hormone; 475 
E2, estradiol; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 476 
receptor 2.  477 
 478 
  479 

 IFN-γ FSH LH E2 Grade Nodal 
status 

Tumor 
size ER PR HER2 Age 

IFN-γ 1.000 - - - - - - - - - - 

FSH 0.033 1.000 - - - - - - - - - 

LH -0.014 0.658* 1.000 - - - - -  - - 

E2 0.185 -0.240* -0.070 1.000 - - - - - - - 

Grade -0.089 -0.124 -0.069 0.028 1.000 - - - - - - 

Nodal 
status -0.283* -0.130 -0.098 -0.087 0.240* 1.000 - - - - - 

Tumor size -0.164 -0.173 0.126 0.125 0.132 0.391* 1.000 - - - - 

ER 0.182 -0.114 -0.035 0.141 0.109 -0.256* -0.185 1.000 - - - 

PR 0.210 -0.029 -0.050 0.116 0.010 -0.187 -0.189 0.266* 1.000 - - 

HER2 -0.158 0.024 -0.047 -0.117 -0.058 0.214 0.209 -0.284* -0.325* 1.000 - 

Age 0.324* 0.158 0.186 0.011 -0.157 -0.384* -0.356* 0.295* 0.160 -0.368* 1.000 

Stage -0.238* -0.201 0.014 0.042 0.218 0.738* 0.780* -0.243* -0.121 0.160 -0.279* 
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8. Figures 480 

 481 

Figure 1. ROC and Kaplan-Meier analysis of the IFN-γ serum levels in prognosis of distant 482 

and local events as endpoints. (A) Prognostic performance of IFN-γ serum levels in prediction 483 

of both distant and local events. (B) Prognostic performance of IFN-γ serum levels in prediction 484 

of distant metastases. (C) Prognostic performance of IFN-γ serum levels in prediction of local 485 

recurrences. ROC analysis was based on continuous (non-categorized) feature values. (D) 486 

Kaplan-Meier prognostic analysis of IFN-γ serum levels with distant and local events as the 487 

endpoint. (E) Kaplan-Meier prognostic analysis of IFN-γ serum levels with distant metastasis as 488 

the endpoint. (F) Kaplan-Meier prognostic analysis of IFN-γ serum levels with local recurrence 489 

as the endpoint. Classification of patients into IFN-γlow and IFN-γhigh subgroups was performed 490 

by the use of the outcome-oriented cut-off point categorization approach. The upper solid line in 491 

Kaplan-Meier plots represents the IFN-γhigh patient subgroup, while the lower dotted line 492 

indicates the IFN-γlow subgroup. P-values were calculated by the Cox proportional hazards 493 

regression test.  494 

Abbreviations: ROC: Receiver operating characteristic; AUC: Area under the ROC curve; IFN-γ, 495 

interferon gamma. 496 

 497 
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