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Abstract

Background—Survivin is an inhibitor of apoptosis, and its expression associates with poor 

outcomes in multiple cancers. It may be a therapeutic target due to its unique expression in cancer 

cells.

Methods—We estimated the association between nuclear and cytoplasmic survivin expression in 

primary tumors and breast cancer recurrence. In this case-control study, we included women age 

35–69, diagnosed with stage I–III breast cancer between 1985–2001, and registered with the 

Danish Breast Cancer Group. We identified 541 patients with breast cancer recurrence with 

estrogen receptor positive disease who were treated with tamoxifen for at least 1 year (ER+/TAM

+) and 300 with estrogen receptor negative carcinomas, not treated with tamoxifen, and who 

survived at least 1 year (ER−/TAM−). Controls were matched to cases on ER/TAM status, date of 

surgery, menopausal status, stage, and county. Survivin expression was estimated by 

immunohistochemistry on tissue microarrays. We fit logistic regression models to estimate odds 

ratios (ORs) and 95% confidence intervals (CIs) associating nuclear and cytoplasmic survivin 

expression with recurrence.
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Results—Associations between nuclear and cytoplasmic survivin expression and breast cancer 

recurrence were near-null in both ER+/TAM+ and ER−/TAM− strata. For the cytoplasmic to 

nuclear ratio (CNR) of survivin expression, we found a null association in the ER+/TAM+ group 

comparing CNR ≥5 with CNR <5, but an association (OR=2.48, 95% CI: 1.15, 5.31) in the ER

−/TAM− group.

Conclusions—Survivin expression was not associated with breast cancer recurrence in this 

study. The CNR ratio may warrant further investigation especially among ER− tumors.
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INTRODUCTION

With the exception of non-melanoma skin cancer, breast carcinoma is the most commonly 

diagnosed malignancy among women and it remains the second leading cause of cancer-

related death (1). Guideline-based therapy for breast cancer has been tailored to the 

expression of tumor biomarkers, such as estrogen receptor alpha (ERα), progesterone 

receptor (PR), and human epidermal growth factor receptor 2 (HER2), which has improved 

survival and reduced breast cancer recurrence risk (2, 3). While stratified therapy has 

improved outcomes, 20%–30% of women diagnosed with breast cancer develop recurrent 

disease within 10 years of initial diagnosis (4). The search continues for tumor biomarkers 

that are predictive of endocrine therapy resistance and indicative of patient prognosis to 

further improve breast cancer outcomes and reveal opportunities for developing new 

therapeutic agents (3).

Dysregulation of proteins involved in cell division, proliferation, differentiation and 

apoptosis, characterize tumorigenesis (5, 6). In cell cycle regulation, a cascade of enzymes 

either promotes or counteracts apoptosis. One important group in the regulation of apoptosis 

is the IAP (inhibitor of apoptosis) protein family, which includes survivin (6, 7). The genes 

encoding these proteins have been identified across species and are highly evolutionarily 

conserved (8, 9). Survivin inhibits caspase enzymes thereby blocking apoptosis, although the 

exact mechanism is not well understood (10). Whilst survivin is widely expressed during 

fetal development, it is down-regulated during adult life, becoming (with few exceptions) 

undetectable in most normal terminally differentiated tissues (10, 11). In contrast, survivin 

expression has been observed in most types of human malignancy, suggesting that the 

protein plays a key role in cancer progression (12). This strikingly specific association with 

cancer has attracted attention to survivin as a possible treatment target, and has led to the 

development of a number of agents designed to inhibit survivin expression (13).

In tumor cells, survivin appears in two different nuclear-cytoplasmic pools and it has been 

hypothesized that the different localizations might reflect different functions of the protein 

(7, 14). Survivin expression has primarily been reported in the cytoplasm from studies using 

immunohistochemistry and has been associated with poor prognosis (15). However, some 

studies have reported nuclear expression of survivin, which is hypothesized to be a marker 
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of a more favorable prognosis (16). Fifteen previous publications have examined survivin 

expression by immunohistochemistry among women diagnosed with breast cancer in 

relation to disease-free survival and overall survival (17, 18). However, these studies may be 

limited by sample sizes of less than 200 participants and lack of control for potential 

confounders.

Tamoxifen is an adjuvant endocrine therapy prescribed to women diagnosed with ER+ 

breast carcinomas, reducing the risk of recurrence by nearly 50%. Efforts to identify 

biomarkers that are predictive of resistance to tamoxifen therapy are crucial for improving 

breast cancer outcomes. Survivin may provide insight into tamoxifen resistance and breast 

cancer prognosis based on its role in proliferation and inhibition of apoptosis. In the current 

investigation, we evaluated the value of nuclear and cytoplasmic survivin expression as a 

predictive marker of resistance to endocrine therapy with tamoxifen, and a prognostic 

marker of breast cancer recurrence. We performed a large, population-based case-control 

study with control for demographic, treatment and tumor characteristics.

MATERIALS AND METHODS

Study Population

This study used data from the Danish Breast Cancer Group (DBCG), a population-based 

clinical registry that has collected data on nearly all breast cancer patients in Denmark since 

1977 (19, 20). The source population consisted of 11,251 female residents of the Jutland 

Peninsula in Demark with a primary breast cancer diagnosis of stage I, II, or III as defined 

by the Union for International Cancer Control (UICC) (21). Women were included if their 

diagnosis occurred between 35 and 69 years of age, and if they were registered in the DBCG 

clinical registry.

The source population was divided into two groups: women whose tumor expressed ER and 

who were treated with tamoxifen for at least one year (ER+/TAM+, n=1,826), and those 

whose tumor did not express ER, were not treated with tamoxifen, and who survived for at 

least one year (ER−/TAM−, n=1,808). Women who did not fit either designation (i.e. whose 

tumors expressed ER but were not treated with tamoxifen, or whose tumors did not express 

ER but were treated with tamoxifen) were excluded (n=7,617). We stratified the analyses by 

ER/TAM status to separate a potential prognostic effect of survivin expression from a 

potential predictive effect of survivin expression modifying tamoxifen effectiveness. Follow-

up time was calculated from one year after breast cancer diagnosis until the first of 1) breast 

cancer recurrence, 2) death from any cause, 3) loss to follow-up, 4) completion of 10-year 

follow-up, or 5) September 1, 2006.

Cases were defined as women with a diagnosis of local or distant breast cancer recurrence or 

contralateral breast cancer occurrence during follow-up. Among the ER+/TAM+ group, 541 

women met the case definition, and all were included. Among the ER−/TAM− group, we 

selected 300 cases, who were frequency matched according to the distribution of stage and 

calendar period of diagnosis among the ER+/TAM+ patients. For each case, one control was 

selected without replacement from members of the source population, who were not 

diagnosed with a breast cancer recurrence or contralateral breast cancer occurrence by the 
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time of the matched case’s recurrence. Controls were matched to cases based on group (ER

+/TAM+ or ER−/TAM−), menopausal status at diagnosis, date of breast cancer surgery 

(caliper matching +/− 12 months), county of residence at time of diagnosis, and cancer stage 

at diagnosis (Figure 1).

Data Collection from Danish Registries

Every Danish resident is assigned a unique 10-digit Civil Personal Registration (CPR) 

number, which allows accurate individual-level linkage of patient information across 

databases (22). Using the CPR numbers of the patients selected for our study, we collected 

data from the DBCG registry, including information on demographics (age, menopausal 

status, and hospital of diagnosis), tumor (UICC stage, histological grade, and ER 

expression), and treatment characteristics (primary surgical tumor management, receipt of 

radiation therapy, receipt of chemotherapy, and receipt of tamoxifen therapy).

Data Collection from Archived Tissue Samples

Laboratory personnel were blinded to all clinical information including case or control 

status, ER status, and receipt of tamoxifen therapy.

Tissue Microarray Construction and Immunohistochemistry

For each case and control, formalin-fixed, paraffin-embedded primary tumor tissue blocks 

were retrieved from the pathology archives of treating hospitals. In Denmark, all paraffin 

blocks from pathological specimens are kept permanently after being used for diagnosis. 

Patient CPR-number were used to link to the Danish Pathology Data Bank (23), enabling us 

to locate and retrieve suitable tumor blocks from nearly all study subjects (1,512 of 1,682, 

90%).

Tissue microarrays (TMAs) were constructed using standard techniques (24). A fresh 

section was cut from each paraffin block in the study, stained routinely with hematoxylin 

and eosin, and the diagnosis confirmed by a study pathologist. Appropriate tissue regions 

were identified and marked-up, following which core samples were removed from each 

tumor donor block and re-embedded in a new recipient paraffin TMA block. If there was 

sufficient material, representative 1-mm diameter tumor (n=3) and marginal tissue (n=1) 

cores were sampled using a TMA Master arrayer (3DHISTECH Budapest, Hungary). Liver 

and placental cores were included in each TMA to serve as staining controls, and to facilitate 

orientation within the TMA during microscopy.

Immunohistochemical stains were performed on 3-μm TMA tissue sections according to 

standard protocols, optimized in house for use with the Ventana Benchmark ULTRA 

automated staining system (Ventana Medical Systems, Tucson, AZ). Expression of survivin 

was assessed using a rabbit monoclonal antibody (Abcam, Cambridge, UK; catalog no. 

EP2880Y). This antibody was selected after failing to optimize with a mouse monoclonal 

antibody (Santa Cruz, Ca. #sc-17779) that appeared to have unspecific staining. After review 

from other laboratories and publications we selected the rabbit monoclonal antibody, which 

stained specifically and performed well. Antigen retrieval was achieved using Cell 

Conditioning 1 (CC1, pH 8.5, Ventana) at 97 °C. Sections were then incubated with the 
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primary antibody at a concentration of 2522 μg/μl, which was diluted 1:100 for 32 minutes. 

Positive reactions were detected with OptiView 3,3’-diaminobenzidine (DAB) IHC detection 

kit (Ventana) before counterstaining with hematoxylin. Specific staining was characterized 

by positivity of the nuclei and/or cytoplasm.

Stained TMA sections were scanned at 40× magnification with the Hamamatsu Nanozoomer 

2.0HT (Hamamatsu Phototonics KK, Hamamatsu City, Japan) in .ndpi format. Resulting 

files were uploaded to Visiopharm Integrator System software (VIS; Visiopharm A/S, 

Hoersholm, Denmark) and dearrayed to facilitate manual scoring of individual cores.

TMA Core Scoring

Survivin expression in invasive breast carcinoma cells was scored on digital images of the 

individual TMA cores, Figure 2. Positive immunohistochemical staining was scored 

separately in nuclei and in the cytoplasm, using a semi-quantitative H-score (25, 26) based 

on both staining intensity and the percentage of positively stained tumor cells. The H-score 

weights intensity based on a four-level factor: 0 (no staining), 1 (light staining), 2 (medium 

staining), and 3 (heavy staining). Percent positivity is a continuous metric from 0%–100% 

positivity based on the proportion of positively stained tumor cells. Non-tumor cell regions 

of the core were not included in the eligible area for scoring. These two values are then 

multiplied for each core to estimate an H-score that ranges from 0–300, for both cytoplasmic 

and nuclear staining. The final H-score for each patient’s tumor was the average of the H-

scores from available tumor cores stained and eligible for scoring.

The scoring system used (and agreement on the interpretation of the different intensity 

levels) was developed in pilot studies involving several observers (data not shown). 

Subsequently, all study cores were evaluated by one rater (LJC). Cases that were difficult to 

interpret were reviewed by two observers (LJC and SHD) and a consensus score was agreed. 

In all, paraffin embedded primary tumor samples were available for TMA construction from 

1512 patients (90%). Construction of TMAs from these 1512 blocks generated 4351 cores, 

of which 3111 (71%) were eligible for scoring. Cores that were not scored were excluded, 

either because the core section on the TMA was absent or inadequately represented, or 

because of technically poor staining of the core section.

Analytic Variables

Expression of survivin—The exposure of interest for this study was expression of 

nuclear and cytoplasmic survivin. We operationalized nuclear and cytoplasmic expression as 

follows. In the first analysis, both nuclear and cytoplasmic expression were dichotomized as 

≥50th percentile of the H-score or otherwise. We also analyzed nuclear and cytoplasmic 

expression in three categories, comparing 50th–75th percentile H-score and >75th percentile 

H-score with a reference category of <50th percentile of the H-score. Nearly half of the 

tumor cores showed no survivin expression in the nucleus or cytoplasm, which influenced 

the choice of category boundaries for this analysis. In a second analysis, we considered the 

joint expression of nuclear and cytoplasmic staining as a dichotomous variable, comparing 

presence of both nuclear and cytoplasmic expression with no expression in either of these 

cellular compartments. Finally, we considered the relationship between nuclear and 
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cytoplasmic staining as the ratio of cytoplasmic H-score to the nuclear H-score, restricted to 

tumors in which both nuclear and cytoplasmic staining had non-zero values.

Breast Cancer Recurrence—The outcome was breast cancer recurrence, which was 

ascertained from the DBCG database. According to the DBCG guidelines, recurrence is 

defined as any breast cancer or distant metastasis diagnosed after an initial course of therapy 

(27). For the purpose of this study, we limited cases to those occurring within 1–10 years of 

follow-up.

Covariates—We included UICC stage (I, II, III), grade (I, II, III), menopausal status at 

diagnosis (premenopausal/postmenopausal), receipt of chemotherapy (yes/no), receipt of 

radiotherapy (yes/no), surgery type (mastectomy/breast conserving surgery), year of 

diagnosis, age at diagnosis, and county of residence in each analysis.

Statistical Analysis

Analyses were stratified by the ER/TAM grouping to evaluate whether survivin expression 

was predictive of tamoxifen resistance, prognostic of breast cancer recurrence, or neither. 

For descriptive analyses, we calculated the frequency and proportion of cases and controls 

within categories of nuclear and cytoplasmic survivin expression and in categories of 

covariates. Unconditional logistic regression was used to estimate the association between 

survivin expression and breast cancer recurrence, controlling for UICC stage, grade, 

menopausal status, receipt of chemotherapy, receipt of radiotherapy, surgery type 

(mastectomy versus breast conserving surgery), diagnosis year, age category at diagnosis, 

and county of residence. All analyses were performed in SAS 9.4 (Cary, NC).

The study was approved by the Danish Data Protection Agency (record number 

2015-57-0002 and Aarhus University journal number 2016-051-000001, running number 

458), the Danish Ethical Committee (record number 1-10-72-16-15), and the Emory 

University Institutional Review Board.

RESULTS

In this population-based case control study, we observed 43% of cases and 40% of controls 

with positive nuclear survivin expression and 52% of cases and 52% of controls with 

positive staining for cytoplasmic survivin, among those in the ER+/TAM+ group (Table 1). 

Nuclear and cytoplasmic survivin expression was observed in 32% of cases and 29% of 

controls.

Nuclear Survivin Expression

In the unconditional analyses (Table 2), in the ER+/TAM+ group, we observed an OR for 

nuclear survivin expression of 1.14 (95% CI 0.80, 1.64) comparing 50th–75th percentile 

expression to <50th percentile, and an OR of 0.91 (95% CI 0.62, 1.33) comparing >75th 

percentile to <50th percentile. In the dichotomous classification of nuclear survivin 

expression, we observed a similar null association comparing ≥50th percentile to <50th 

percentile. In the ER−/TAM− group, the OR comparing 50th–75th percentile nuclear survivin 

expression to <50th percentile was 0.89 (95% CI 0.52, 1.53), and the OR comparing >75th 
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percentile nuclear survivin expression to <50th percentile was 1.27 (95% CI 0.77, 2.09). The 

OR was similar in the dichotomous classification of nuclear survivin expression.

Cytoplasmic Survivin Expression

In the ER+/TAM+ group, we observed an OR for cytoplasmic survivin expression of 1.11 

(95% CI 0.78, 1.56) comparing 50th–75th percentile to <50th percentile and an OR of 0.94 

(95% CI 0.66, 1.34) comparing >75th percentile to <50th percentile (Table 2). In the 

dichotomous classification of cytoplasmic survivin expression, we also observed a null 

association with recurrence. In the ER−/TAM− group, the OR comparing 50th–75th 

percentile to <50th percentile was 1.04 (95% CI 0.64, 1.67) and the OR comparing >75th 

percentile to <50th percentile was 1.13 (95% CI 0.69, 1.85).

Nuclear and Cytoplasmic Survivin Expression

In the ER+/TAM+ group, we observed an OR of 1.13 (95%CI 0.83, 1.54) comparing 

patients with joint expression of nuclear and cytoplasmic survivin to those without. We 

observed a similar effect estimate in the ER−/TAM− group. With regard to the cytoplasmic 

to nuclear ratio (CNR) of survivin expression, in the ER+/TAM+ group those with a CNR 

≥5 had an OR of 1.11 (95%CI 0.70, 1.77) compared to those with a CNR <5. In the ER

−/TAM− group, the OR was 2.48 (95% CI 1.15, 5.31) comparing those with a CNR ≥5 to 

those with CNR <5.

Dose Response

Additionally, we evaluated the associations between cytoplasmic, nuclear, and CNR 

expression in a dose-response pattern (Table 3). In the multivariable logistic regression 

analyses, these comparisons were near null and without evidence of any important trend. 

However, the CNR dose response among the ER−/TAM− group did show increasing breast 

cancer recurrence with increasing CNR, consistent with the dichotomous multivariable 

analyses.

DISCUSSION

Our findings do not support an association between nuclear or cytoplasmic survivin 

expression in breast carcinoma tissue and breast cancer recurrence in either ER+/TAM+ or 

ER−/TAM− groups, irrespective of whether nuclear and cytoplasmic staining were assessed 

separately or in combination. We observed an association between the cytoplasmic to 

nuclear ratio and breast cancer recurrence in the ER−/TAM− group, for which there was a 

greater than two-fold increased odds of recurrence comparing those patients with CNR ≥5 to 

those with CNR <5. This may indicate that overexpression of cytoplasmic survivin drives 

the proliferation of ER− negative tumor cells, leading to recurrence. A previous study that 

estimated the association between CNR and overall and disease-free survival found an 

inverse association, hazard ratio 0.09 (95%CI 0.01-0.76), between increasing CNR and 

overall survival (28); however, this study had a sample size of only 102 breast carcinomas.

To the best of our knowledge, our study is the largest to date to study the predictive and 

prognostic role of survivin expression in breast tumor tissue, and one of approximately 10 
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studies to study the potential association with breast cancer recurrence. In two recent meta-

analyses that pooled 3,259 and 2,202 breast cancer patients respectively, the summary 

hazard ratios (HRs) for the role of survivin expression were estimated as HR=1.80 (95%CI 

1.55, 2.09) and HR 1.37 (95%CI 1.12, 1.68) for overall survival and HR=1.34 (95%CI 1.02, 

1.76) for disease-free or relapse-free survival, suggesting that increased expression of 

survivin is associated with worse breast cancer outcomes (17, 29). Among studies that 

assessed survivin expression with IHC, the pooled effect estimate for disease-free survival 

was 1.42 (95%CI 0.72, 2.82), which aligns with our study results (29). The studies included 

in these analyses had a median sample size of 142 breast cancer patients and median 33 

outcomes, compared with 541 ER+ recurrences and 300 ER− recurrences in our study. The 

use of IHC to assess survivin expression provides an assessment of the amount of translated 

protein and has important clinical potential. mRNA analysis may, however, have higher 

sensitivity, but not all of the mRNA will be translated to protein expression, which is more 

accurately captured by IHC. These earlier studies also incompletely adjusted for tumor and 

patient characteristics that are considered potentially important confounders of the 

association between survivin expression and breast cancer survival, whereas we were able to 

adjust for many prognostic characteristics.

Our study has some limitations. Half of the breast tumor tissues showed no expression of 

survivin in the nucleus or cytoplasm. While this pattern is consistent with other studies and 

accords with the biology of survivin expression (7, 30), it led to some small cell counts in 

the categorization of survivin expression. Since survivin is generally not observed in normal 

adult human tissues, except transiently during mitosis, but is expressed in most types of 

cancer, there has been considerable interest in the protein as a prognostic biomarker, and a 

possible therapeutic target. We did not confirm this potential in this analysis, although the 

observed association between the CNR ratio and breast cancer recurrence among ER− 

tumors may be of importance. Additionally, study participants consisted mainly of women 

diagnosed with Stage II (48%) and Stage III (48%) breast cancers, which is largely a result 

of the DBCG criteria for tamoxifen therapy during the period of diagnosis of the study 

population (31).

In addition to being a large population-based study, established using validated and 

comprehensive health-care registries, our study has several strengths. Breast cancer 

recurrence data were validated in a previous validation study using medical record review, 

thereby reducing the potential for important misclassification of the outcome (32). Review 

of medical records did identify some discrepancies with respect to length of tamoxifen 

treatment, with most patients actually receiving longer durations of tamoxifen therapy 

compared with the indicated duration registered in the DBCG (32). This pattern is most 

likely the result of providers switching to longer protocols during the study period as 

evidence grew favoring a 5-year protocol. However, this would not affect our results.

In conclusion, in this population-based nested case-control study, we did not confirm 

previous findings suggesting that survivin is a prognostic marker for breast cancer 

recurrence. Ours is the first population-based study to examine possible predictive and 

prognostic associations between survivin expression and the risk of breast cancer recurrence. 

The role of survivin may be related to mortality rather than recurrence, although it is 
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difficult to understand how survivin expression would affect mortality without affecting 

recurrence in early stage breast cancer patients. Further investigation into the ratio of 

cytoplasmic to nuclear survivin expression, especially among women with ER− tumors, in 

relation to breast cancer recurrence may be warranted.
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Figure 1. 
Selection of study sample and groupings based on inclusion criteria of subject in the 

population-based case control study of women age 35–69, diagnosed with Stage I–III breast 

cancer between 1985–2001, and registered with the Danish Breast Cancer Group (n=1682).

Collin et al. Page 11

Acta Oncol. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Immunohistochemical analysis of nuclear and cytoplasmic survivin expression. (A) IHC ×10 

high cytoplasmic staining intensity, magnified to (B) IHC ×40, 60% high intensity, 40% low 

intensity. (C) IHC ×10 low/medium nuclear staining intensity, magnified to (D) IHC ×40, 

5% medium intensity, 3% low intensity.
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Table 1:

Distribution of tumor and patient characteristics among breast cancer recurrence cases and controls by 

ER/TAM group among 1682 subjects in the population-based case control study of women age 35–69, 

diagnosed with Stage I–III breast cancer between 1985–2001, and registered with the Danish Breast Cancer 

Group

Patient Characteristic ER+/TAM+, N (%) ER−/TAM−, N (%)

Case Control Case Control

Nuclear Survivin Expression

>75th%tile 82 (20) 82 (20) 76 (31) 68 (28)

50th-75th %tile 94 (23) 84 (20) 43 (17) 49 (20)

<50th %tile 236 (57) 245 (60) 127 (52) 126 (52)

Missing 129 130 54 57

Nuclear Survivin Expression

≥50th %tile 176 (43) 166 (40) 119 (48) 117 (48)

<50th %tile 236 (57) 245 (60) 127 (52) 126 (52)

Missing 129 130 54 57

Cytoplasmic Survivin Expression

>75th%tile 103 (25) 108 (27) 61 (25) 61 (25)

50th-75th %tile 112 (27) 104 (25) 67 (27) 64 (26)

<50th %tile 197 (48) 199 (48) 118 (48) 118 (49)

Missing 129 130 54 57

Cytoplasmic Survivin Expression

≥50th %tile 215 (52) 212 (52) 128 (52) 125 (51)

<50th %tile 197 (48) 199 (48) 118 (48) 118 (49)

Missing 129 130 54 57

Joint Survivin Expression

Yes 134 (33) 121 (29) 76 (31) 72 (29)

No 278 (67) 290 (71) 170 (69) 171 (71)

Missing 129 130 54 57

Cytoplasmic:Nuclear Ratio

≥5 73 (41) 69 (42) 33 (28) 19 (16)

<5 103 (59) 97 (58) 86 (72) 98 (84)

Diagnosis year

1985–1993 235 (43) 234 (43) 107 (36) 100 (33)

1994–1996 113 (21) 112 (21) 81 (27) 83 (28)

1997–2001 193 (36) 195 (36) 112 (37) 117 (39)

Age category at diagnosis

35–44 16 (3.1) 13 (2.4) 68 (23) 58 (19)

45–54 116 (21) 111 (21) 120 (40) 113 (38)

55–64 286 (53) 281 (52) 82 (27) 86 (29)

65–69 123 (23) 136 (25) 30 (10) 43 (14)

Menopausal status at diagnosis
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Patient Characteristic ER+/TAM+, N (%) ER−/TAM−, N (%)

Case Control Case Control

Premenopausal 34 (6.3) 34 (6.3) 121 (40) 121 (40)

Postmenopausal 507 (94) 507 (94) 179 (60) 179 (60)

UICC tumor stage at diagnosis

I 9 (1.7) 9 (1.7) 25 (8.3) 25 (8.3)

II 250 (46) 250 (46) 153 (51) 153 (51)

III 282 (52) 282 (52) 122 (41) 122 (41)

Histological grade

I 108 (25) 144 (35) 27 (11) 23 (10)

II 234 (54) 215 (52) 125 (49) 98 (43)

III 92 (21) 57 (14) 103 (40) 106 (47)

Missing 107 125 45 73

Surgery Type

Breast-conserving surgery 58 (11) 71 (13) 47 (16) 56 (19)

Mastectomy 483 (89) 470 (87) 252 (84) 244 (81)

Missing 1 0

Radiation therapy

Yes 183 (34) 191 (35) 128 (44) 123 (47)

No 358 (66) 350 (65) 166 (56) 137 (53)

Missing 6 40

Systemic adjuvant chemotherapy

Yes 70 (13) 65 (12) 248 (83) 188 (63)

No 471 (87) 476 (88) 52 (17) 112 (37)

Tamoxifen protocol, years

1 257 (48) 261 (48)

2 98 (18) 92 (17)

5 186 (34) 188 (35)

Acta Oncol. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collin et al. Page 15

Table 2:

Association between nuclear and cytoplasmic survivin and breast cancer recurrence from a population-based 

case control study of 1312 women age 35–69, diagnosed with Stage I–III breast cancer between 1985–2001, 

and registered with the Danish Breast Cancer Group.

ER+/TAM+ ER−/TAM−

Survivin Expression Case Control Adjusted OR (95%CI) Case Control Adjusted OR (95%CI)

Nuclear

>75th%tile 82 82 0.91 (0.62, 1.33) 76 68 1.27 (0.77, 2.09)

50th-75th %tile 94 84 1.14 (0.80, 1.64) 43 49 0.89 (0.52, 1.53)

<50th %tile 236 245 Reference 127 126 Reference

≥50th %tile 176 166 1.03 (0.76, 1.39) 119 117 1.09 (0.72, 1.66)

<50th %tile 236 245 Reference 127 126 Reference

Cytoplasmic

>75th%tile 103 108 0.94 (0.66, 1.34) 61 61 1.13 (0.69, 1.85)

50th-75th %tile 112 104 1.11 (0.78, 1.56) 67 64 1.04 (0.64, 1.67)

<50th %tile 197 199 Reference 118 118 Reference

≥50th %tile 215 212 1.02 (0.77, 1.36) 128 125 1.08 (0.73, 1.61)

<50th %tile 197 199 Reference 118 118 Reference

Joint

Yes 412 411 1.13 (0.83, 1.54) 246 243 1.20 (0.76, 1.87)

No 63 76 Reference 25 28 Reference

CNR

≥5 73 69 1.11 (0.70, 1.77) 33 19 2.48 (1.15, 5.31)

<5 103 97 Reference 86 98 Reference
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Table 3:

Dose-response evaluation of the association between nuclear and cytoplasmic survivin and breast cancer 

recurrence from a population-based case control study of 1312 women age 35–69, diagnosed with Stage I–III 

breast cancer between 1985–2001, and registered with the Danish Breast Cancer Group.

ER+/TAM+ ER−/TAM−

Survivin Expression Case Control Adjusted OR (95%CI) Case Control Adjusted OR (95%CI)

Nuclear

>75th%tile 87 87 0.95 (0.66, 1.38) 71 63 1.24 (0.76, 2.02)

50th-75th %tile 100 89 0.98 (0.81, 1.18) 37 43 1.11 (0.76, 1.42)

<50th %tile 261 277 Reference 101 91 Reference

Cytoplasmic

>75th%tile 104 118 0.98 (0.82, 1.17) 60 51 1.12 (0.69, 1.83)

50th-75th %tile 124 115 0.96 (0.68, 1.36) 55 51 1.06 (0.83, 1.35)

<50th %tile 220 220 Reference 94 95 Reference

CNR

>75th%tile 39 41 1.09 (0.59, 2.03) 20 13 2.14 (0.86, 5.29)

50th-75th %tile 30 26 1.06 (0.70, 1.60) 12 5 1.66 (0.91, 3.04)

25th-50th %tile 65 54 1.03 (0.83, 1.27) 44 54 1.29 (0.95, 1.74)

<25th %tile 42 45 Reference 43 45 Reference
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