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  Abstract 
  Background.  The role of tissue inhibitor of metalloproteinases-1 (TIMP-1) in estrogen receptor (ER) positive breast cancer 
remains to be fully elucidated. We evaluated TIMP-1 as a prognostic marker in patients treated with adjuvant tamoxifen 
and investigated TIMP-1s association with Ki67 and ER/progesterone receptor (PR)/human epidermal growth factor recep-
tor 2 (HER2) profi les.  Material and methods.  TIMP-1 expression was evaluated by immunohistochemistry (IHC) on for-
malin fi xed paraffi n embedded primary tumor tissue in two independent cohorts comprised of 236 and 192 patients, 
respectively.  Results.  No differences in disease free survival (HR 0.98; 95% CI 0.63 – 1.53; p    �    0.92) and overall survival 
(HR 0.94; 95% CI 0.63 – 1.43; p    �    0.79) were observed according to TIMP-1 status. A signifi cant negative association 
between TIMP-1 and Ki67 was identifi ed (p    �    0.015). TIMP-1 expression did not differ signifi cantly according to ER/PR/
HER2 profi les. When analyzed as separate variables PR and HER2 status tended to have a positive but non-signifi cant 
association with TIMP-1 (PR: p    �    0.08; OR 2.54; 95% CI 0.91 – 7.10, HER2: p    �    0.08; OR 0.48; 95% CI 0.21 – 1.08) 
whereas ER status was not associated with TIMP-1 expression (p    �    0.48; OR 0.68; 95% CI 0.23 – 1.99).  Conclusion.  TIMP-1 
does not appear to be prognostic in breast cancer patients receiving adjuvant tamoxifen. We identifi ed a negative association 
between TIMP-1 and Ki67. We did not confi rm our previous in vitro fi ndings of a negative association between TIMP-1 
and PR.   

 Matrix metalloproteinases (MMPs) play an important 
role in tissue remodeling under physiological condi-
tions and in various disease processes including can-
cer. The MMPs functions are counterbalanced by 
tissue inhibitor of metalloproteinases (TIMPs). The 
TIMP family encompasses four small extracellular 
proteins, all of which inhibit the enzymatic activity of 
MMPs. Identifi cation of two functional TIMP-1 recep-
tors has provided new insight into MMP independent 
functions of this protein. Receptor interaction results 

in anti-apoptotic activity as well as a growth promoting 
effect [1]. Notably, a similar growth promoting effect 
has been shown by synthetic MMP inhibitors [2] 
whereas others have shown a growth inhibitory effect 
of TIMP-1 in preclinical cancer models [3]. 

 Estrogen receptor (ER) is a predictive marker for 
response to endocrine therapy in breast cancer [4]. 
Since the progesterone receptor (PR) is an ER reg-
ulated target gene it has been hypothesized that PR 
is a marker for a functional ER, hence a tumor 
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highly responsive to endocrine therapy [5]. Conse-
quently, ER � /PR� tumors have been described as 
more aggressive and resistant to endocrine therapy 
as compared to ER � /PR �  tumors [5]. PR does, 
however, not add predictive information on endo-
crine responsiveness when ER status is known [4]. 
Loss of PR is associated with increased growth fac-
tor signaling, e.g. human epidermal growth factor 
receptor 2 (HER2) over-expression and activation 
of the phosphatidylinositol 3-kinase (PI3K)/Akt 
pathway [5]. This pathway is also known to be acti-
vated by TIMP-1 [6] and we have shown that loss 
of PR may be induced in vitro by TIMP-1 without 
concomitant loss of ER (Bjerre et   al., unpublished 
observations). Interestingly, the PI3K/Akt pathway 
has been implicated in the anti-apoptotic functions 
of TIMP-1 [6], suggesting that TIMP-1 might pro-
tect cancer cells from apoptotic cell death induced 
by, e.g. tamoxifen [7]. 

 A growth promoting effect of TIMP-1 has been 
supported by clinical studies demonstrating an asso-
ciation with Ki67 [8] and poor prognosis [8 – 10]. 
On the other hand, a growth-inhibitory effect of 
TIMP-1 has also been supported by a clinical study 
demonstrating an association between TIMP-1, 
good prognosis and low Ki67 expression [11]. The 
purpose of this study was to obtain further under-
standing of the relationship between TIMP-1 and 
the effect of endocrine therapy in breast cancer. 
Here we report on the prognostic value of TIMP-1 
and the association between TIMP-1 and Ki67 in 
breast cancer patients treated with adjuvant tamox-
ifen and we explore the association between TIMP-1 
and ER/ PR/HER2 profi les.  

 Patients and methods  

 Patients 

 This study included two different populations of 
breast cancer patients registered in the Danish Breast 
Cancer Cooperative Group (DBCG) database. 
REMARK recommendations were followed wher-
ever applicable [12]. 

 Cohort I included high risk peri- or postmeno-
pausal women diagnosed with breast cancer between 
1989 and 2001. A total of 257 patients from a 
larger cohort of 589 patients were identifi ed retro-
spectively according to positive ER status ( �    1% 
positive cells) on central review and availability of 
fresh frozen tumor tissue as previously described in 
[13]. Nineteen of the 257 patients were HER2    �    
on central review and excluded from further analy-
sis, leaving a total of 238 patients in cohort I. 
Patients received adjuvant tamoxifen for up to fi ve 
years without adjuvant chemotherapy according 

to DBCG guidelines [14]. Thirty-one patients 
switched from tamoxifen to an aromatase inhibitor. 
Radiation therapy was administered according to 
national guidelines. This cohort was used for the 
studies on prognosis and the association between 
TIMP-1 and Ki67. 

 Cohort II was also retrospectively identifi ed and 
consisted of 202 breast cancer patients who all 
underwent surgery between February 2004 and Jan-
uary 2007. Patients were identifi ed among high risk 
patients (age    �    35 years or tumor size    �    2 cm, ductal 
grade II – III, ER negative or axillary lymph node 
metastases) enrolled in the DBCG 2004 program 
[14]. Patients had documented distant relapse, death 
(any cause), or were diagnosed with secondary malig-
nant disease before December 1, 2008 and available 
ER, PR and HER2 status. In the selection process 
we intentionally enriched for rare combinations of 
the biomarkers (ER � /PR�/HER2� and ER � /PR � /
HER2 � ). Patients received adjuvant endocrine ther-
apy and/or chemotherapy and radiation therapy 
according to national guidelines. We used this cohort 
to study the associations between TIMP-1 and ER/
PR/HER2 profi les. 

 The studies were approved by the Regional Sci-
entifi c Ethics Committee for Southern Denmark 
(S-2008-0125) (Cohort I) and the Committee on 
Health Research Ethics of the Capital Region of Den-
mark (H-3-2011-162) (Cohort II) before initiation.   

 Tissue microarray construction 

 For both cohorts, archival formalin fi xed, paraffi n 
embedded primary tumor tissue were used to con-
struct tissue microarrays (TMAs) comprising two 2 
mm cores from each patient as described in [15].   

 Immunohistochemistry (IHC) and fl uorescence 
in situ hybridization (FISH) 

 For cohort I, sections from TMA blocks were stained 
for ER, PR, Ki67 and HER2 utilizing protocols 
from daily routine clinical practice. Supplementary 
Table I includes details on antibodies and assays 
(Supplementary Table I, available online at http://
informahealthcare.com/doi/abs/10.3109/0284186
X.2012.734922). 

 HER2 was evaluated according to Herceptest 
Guidelines; HER2 IHC results scored as 2    �    were 
analyzed by FISH and a HER2-to centromere �17 
ratio    �    2 was regarded as HER2 gene amplifi cation. 
In cohort II, information on ER, PR and HER2 sta-
tus as determined by local pathology laboratories 
were retrieved in the DBCG database. TIMP-1 was 
detected using the murine monoclonal antibody 
VT-7 raised against human TIMP-1 [16].   
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 Assessment of IHC 

 ER, PR, Ki67, HER2, and TIMP-1 were assessed by 
pathologists (MSL, BBR, AVL) or a trained observer 
(KLH). The evaluation was performed blinded with-
out knowledge of patient characteristics and out-
comes. ER and PR were assessed as a percentage 
of stained tumor cells. In cohort I, ER expression 
was dichotomized as 1 – 89% and 90 – 100% and PR 
dichotomized as negative or positive, where    �    1% 
was considered negative. Due to use of local assess-
ment of ER and PR in cohort II, ER and PR expres-
sion    �    10% were considered negative in this cohort. 
Ki67 was assessed as the percentage of stained tumor 
cells in hot spots in the invasive tumor front and 
dichotomized as Ki67 low (0 – 13%) or Ki67 high 
(14 � %) [17]. HER2 IHC was scored according 
to FDA approved guidelines as 0, 1 � , 2 � , 3 � . 
TIMP-1 was dichotomized as negative ( �    1% stained 
tumor cells) or positive ( �    1% stained tumor cells). 
For exploratory analysis in cohort I, TIMP-1 was 
also divided according to the percentage of stained 
tumor cells; score 0    �    0%, score 1    �    1 – 25%, score 
2    �    26 – 50% and score 3    �    51 – 100%.   

 Luminal subtyping by immunohistochemistry 
in cohort I 

 As an approximation to intrinsic subtyping, Ki67 was 
used to determine luminal subtype A and B. Luminal 
A patients had low (0 – 13%) Ki67 and luminal B 
patients had high (14 � %) Ki67 [17].   

 Statistical methods  

 Cohort I.   Associations between TIMP-1 and clini-
cal/pathological variables were investigated by Fish-
ers exact test and Wilcoxon rank sum test. The 
primary endpoint was disease-free survival (DFS) 
defi ned as time from surgery to an event (local, 
regional, or distant relapse, second malignancy or 
death of any cause) or censoring (emigration or alive 
and disease free at the end of 10 years of follow-up 
or at cut-off date for analysis April 1, 2008) which-
ever came fi rst. The secondary endpoint was overall 
survival (OS) defi ned as time from surgery to death 
of any cause with censoring at emigration or at the 
cut-off date June 1, 2010. Time to event endpoints 
were analyzed by Kaplan Meier estimates and uni-
variate and multivariate Cox proportional hazards 
models were applied. Cox models were stratifi ed 
for allocated duration of tamoxifen treatment. In 
multivariate models, independent variables were 
TIMP-1, ER, PR, Ki67, nodal status, age at surgery, 
tumor size and histological type and grade. The 
assumption of proportional hazards was assessed by 

Schoenfeld residuals and hazards ratios (HR) with 
95% confi dence intervals were reported. In explor-
atory analysis, ER, PR and Ki-67 status were sub-
stituted by luminal subtype and heterogeneity of 
TIMP-1 effects in the luminal A and luminal B sub-
populations were investigated. Analyses on TIMP-1 
according to score 0–3 and Ki67 were not pre-spec-
ifi ed and considered exploratory.   

 Cohort II.   Associations between ER/PR/HER2 pro-
fi les and TIMP-1, nodal status, age at surgery, tumor 
size, histological type and grade, and recurrence sta-
tus at December 1, 2008 were investigated by Fishers 
exact test and Kruskal-Wallis test. Further unad-
justed and adjusted analyses of the association 
between TIMP-1 and clinical/pathological variables 
were done by Fishers exact test and by logistic regres-
sion. All tests were two sided, p-values    �    0.05 were 
considered statistically signifi cant. Statistical analy-
ses were performed using SAS version 9.2 (SAS 
Institute, Cary, NC, USA)     

 Results 

 TIMP-1 immunostaining was successful in 236 
(99%) of 238 patients in cohort I. Of the 236 patients, 
172 (73%) patients were TIMP-1 positive. Included 
patients had larger tumors and a higher number of 
positive axillary lymph nodes than excluded patients 
(Table I). Median follow-up time for censored 
patients in cohort I was 10 years for DFS and 13.2 
years for OS. Median time on tamoxifen was 1.8 
years. TIMP-1 status was not associated to PR, ER, 
Ki-67, age at surgery, tumor size, nodal status and 
histological type and malignancy grade (Table II) 
when analyzing TIMP-1 as a dichotomized variable. 
When evaluating TIMP-1 according to the percent-
age of stained tumor cells TIMP-1 was negatively 
associated with Ki67 expression (p    �    0.015) (Table III) 
whereas TIMP-1 was not associated with any other 
variables (data not shown). Kaplan-Meier estimates 
of DFS according to TIMP-1 status are shown in 
Figure 1A. For DFS, HR for TIMP-1 negative 
patients compared to TIMP-1 positive patients was 
0.98 (95% CI 0.63 – 1.53; p    �    0.92) in univariate 
analysis stratifi ed by allocated duration of tamoxifen 
treatment and consequently no difference in DFS 
was detected. In multivariate analysis further adjusted 
for PR, ER, Ki67, nodal status, age at surgery, histo-
logical type, grade, and tumor size, TIMP-1 was not 
a prognostic factor for DFS as HR for TIMP-1 neg-
ative patients was 0.90 (95% CI 0.57 – 1.43; p    �    0.66) 
(Table IV). As TIMP-1 was associated with Ki67, the 
latter was excluded in a supplementary analysis 
which did not change the result for TIMP-1 (HR 
0.95; 95% CI 0.61 – 1.50; p    �    0.83). Overall survival 
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did not differ between TIMP-1 negative and TIMP-1 
positive patients in the univariate (HR 0.94; 95% CI 
0.63 – 1.43; p    �    0.79) and multivariate analysis (HR 
0.84; 95% CI 0.54 – 1.30; p    �    0.42). PR negative 
patients in this cohort had an increased DFS com-
pared to PR positive patients (Table IV) but negative 
PR status was not a prognostic factor for overall sur-
vival (HR 0.52; 95% CI 0.25 – 1.09; p    �    0.08). High 
Ki67 and 10    �    positive axillary lymph nodes were 
strong negative prognostic factors for both DFS 
(Table IV) and OS (HR 1.74; 95% CI 1.13 – 2.60; 
p    �    0.01 and HR 3.32; 95% CI 1.99 – 5.54; p    �    0.0001, 
respectively). 

 We performed an exploratory analysis further 
adjusted for luminal subtypes. Kaplan-Meier esti-
mates for DFS according to luminal subtype and 
TIMP-1 status are shown in Figure IB. In fully 
adjusted analysis, patients with a luminal A sub-
type had improved DFS (HR 0.49; 95% CI 0.30 –
 0.7; p    �    0.003) compared to patients with luminal 

B subtype, whereas no prognostic effect of TIMP-1 
was found (HR 1.13; 95% CI 0.72 – 1.79; p    �    0.59). 
There was no heterogeneity of TIMP-1 effect 
among luminal A and B subtypes (p    �    0.52). 

 In cohort II, TIMP-1 immunostaining was suc-
cessful in 192 (95%) of the 202 patients and 146 
(76%) of those were TIMP-1 positive and equivalent 
to the fi ndings in cohort I. Due to the selection pro-
cedure, ER and PR status were identical (ER � /PR �  
or ER�/PR�) in 157 (82%) of the patients and dif-
fered (ER � /PR�) in 35 (18%) HER2� patients. 
TIMP-1 status was not associated to the fi ve ER/PR/
HER2 profi les (Table V). In HER2� tumors, absence 
of TIMP-1 immunostaining was more frequent in 
ER � /PR� tumors compared to ER � /PR �  tumors 
(OR 0.36; 95% CI 0.13 – 0.99; p    �    0.066). TIMP-1 
status was not associated to triple-negative (ER�/
PR�/HER2�) status (OR 1.12; 95% CI 0.52 – 2.42; 
p    �    0.85) or to hormone receptor status (OR 1.33; 
95% CI 0.36 – 4.89; p    �    0.75) in HER2    �    tumors. 

  Table I. Base-line characteristics of included and excluded patients in cohort I.  

  Characteristic

  Study 
population Excluded Total

p a N (%) N (%) N (%)

All 236 353 589
Age at surgery, y 0.95

45 – 54 56 (23.7) 80 (22.7) 136 (23.1)
55 – 64 103 (43.6) 157 (44.5) 260 (44.1)
65 – 75 77 (32.6) 116 (32.9) 193 (32.8)

Menopausal status 0.038
Postmenopausal 208 (88.1) 288 (81.6) 496 (84.2)
Perimenopausal 28 (11.9) 65 (18.4) 93 (15.8)

Tumor size, mm  �    0.0001
0 – 20 93 (39.4) 228 (64.6) 321 (54.5)
21 – 50 125 (53.0) 110 (31.2) 235 (39.9)
 �    50 18 (7.6) 15 (4.2) 33 (5.6)

Histological type 0.36
Inv. Ductal 201 (85.2) 298 (84.4) 499 (84.7)
Inv. Lobular 31 (13.1) 42 (11.9) 73 (12.4)
Other/Unknown 4 (1.7) 13 (3.7) 17 (2.9)

Tumor grade 0.19
Ductal grade I 60 (25.4) 64 (18.1) 124 (21.1)
Ductal grade II 95 (40.3) 163 (46.2) 258 (43.8)
Ductal grade III 46 (19.5) 71 (20.1) 117 (19.9)
Unknown 35 (14.8) 55 (15.6) 90 (15.3)

Positive axillary lymph nodes 0.0004
0 21 (8.9) 69 (19.5) 90 (15.3)
1 – 3 � 131 (55.5) 200 (56.7) 331 (56.2)
4 – 9 � 53 (22.5) 52 (14.7) 105 (17.8)
10 � 31 (13.1) 32 (9.1) 63 (10.7)

Hormone receptor status 
 (prospective)

0.34

Negative 0 (0.0) 2 (0.6) 2 (0.3)
Positive 221 (93.6) 319 (90.4) 540 (91.7)
Unknown 15 (6.4) 32 (9.1) 47 (8.0)

    Inv, invasive, y, years.  
   a Fishers exact test.   
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These results were confi rmed in logistic regression 
adjusted for demographic and prognostic variables; 
In HER2- tumors, TIMP-1 immunostaining was 
positively associated with ER � /PR �  tumors com-
pared to ER � /PR� tumors (OR 3.11; 95% CI 1.02 –
 9.48; p    �    0.047) whereas TIMP-1 status was not 
associated to triple negative status (OR 1.22; 95% 
CI 0.60 – 2.49; p    �    0.58) or to hormone receptor sta-
tus (ER � /PR �  vs. ER�/PR�) in HER2    �    tumors 
(OR 1.52; 95% CI 0.38 – 6.06; p    �    0.17) or to any 
other variables 

 When included as separate variables, ER status 
was not associated to TIMP-1 (p    �    0.48, OR: 0.68, 
95% CI 0.23 – 1.99) while PR and HER2 status 
tended to have an association with TIMP-1 (PR: 
p    �    0.08, OR: 2.54, 95% CI 0.91 – 7.10, HER2: 
p    �    0.08, OR: 0.48, 95% CI 0.21 – 1.08).   

 Discussion 

 In this study, TIMP-1 did not add independent 
prognostic information in chemotherapy na ï ve ER �  
patients receiving adjuvant tamoxifen. In the evalu-
ation of TIMP-1 as a prognostic marker in breast 
cancer, various methodologies have been used. Early 
studies measured TIMP-1 protein levels in tumor 
tissue by enzyme linked immunosorbent assay 
(ELISA) [10], or evaluated mRNA content [9] 
whereas later studies focused on TIMP-1 protein 
levels in blood [18,19] or evaluation by IHC 
[8,11,16]. Most studies fi nd high TIMP-1 protein 
levels to be associated with poor prognosis whereas 
only one study reports high TIMP-1 protein levels 
to be associated with good prognosis [11]. The 

  Table II. Clinical and pathological characteristics according to TIMP-1 status, cohort I.  

Characteristic

  TIMP-1

  Total   (%) p a Negative (%) Positive (%)

Total 64 172 236
PR

 �    1% 8 (12.5) 14 (8.1) 22 (9.3) 0.32
1 – 100% 56 (87.5) 158 (91.9) 214 (90.7)

ER
1 – 89% 26 (40.6) 54 (31.4) 80 (33.9) 0.22
90 – 100% 38 (59.4) 118 (68.6) 156 (66.1)

Ki-67
0 – 13% 39 (60.9) 123 (71.5) 162 (68.6) 0.12 b 
14 � % 25 (39.1) 48 (27.9) 73 (30.9)
Unknown 0 (0.0) 1 (0.6) 1 (0.4)

Age at surgery, y
45 – 54 16 (25.0) 40 (23.3) 56 (23.7) 0.68
55 – 64 30 (46.9) 73 (42.4) 103 (43.6)
65 – 74 18 (28.1) 59 (34.3) 77 (32.6)

Tumor size, mm
0 – 20 23 (35.9) 70 (40.7) 93 (39.4) 0.70
21 – 50 35 (54.7) 90 (52.3) 125 (53.0)
50 � 6 (9.4) 12 (7.0) 18 (7.6)

Positive lymph nodes
0 6 (9.4) 15 (8.7) 21 (8.9) 0.86
1 – 3 � 37 (57.8) 94 (54.7) 131 (55.5)
4 – 9 � 12 (18.8) 41 (23.8) 53 (22.5)
10 � 9 (14.1) 22 (12.8) 31 (13.1)

Histological type
Ductal grade I 15 (23.4) 45 (26.2) 60 (25.4) 0.68
Ductal grade II 28 (43.8) 67 (39.0) 95 (40.3)
Ductal grade III 14 (21.9) 32 (18.6) 46 (19.5)
Non-ductal 7 (10.9) 28 (16.3) 35 (14.8)

    ER, estrogen receptor; PR, progesterone receptor; y, years.  
   a Fishers exact test;  b Unknown value not included in the test.   

  Table III. Association between TIMP-1 and Ki67. a   

  TIMP-1 
score

  Ki-67

  Total   (%)0 – 13% (%) 14 � % (%)

0 39 (24.1) 25 (34.2) 64 (27.2)
1 33 (20.4) 21 (28.8) 54 (23.0)
2 35 (21.6) 11 (15.1) 46 (19.6)
3 55 (34.0) 16 (21.9) 71 (30.2)
Total 162 73 235

     a  Wilcoxon rank sum test p    �    0.015.   
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patients with high TIMP-1 levels in serum or plasma 
had a reduced response to fi rst or second line endo-
crine therapy and shorter overall survival. Serum 
TIMP-1 levels and IHC TIMP-1 levels have been 
shown to correlate [20], but the studies by Lipton 
were conducted in patients with metastatic breast 
cancer of whom many had received prior therapy 
and thus different from the cohort in our study. 

 The effects of TIMP-1 studied in an in vitro 
model system can differ signifi cantly from those 
observed in vivo and studies suggest that the effects 

patient cohorts in these studies were comprised of 
both ER �  and ER� patients and many received 
chemotherapy with or without endocrine therapy. In 
the study by Neri et   al. [8], a signifi cant prognostic 
effect of TIMP-1 is reported. This effect is, however, 
not present in the subgroup of patients receiving 
endocrine therapy and as such in line with our 
fi ndings. To our knowledge, only two publications 
have specifi cally investigated the role of TIMP-1 
in cohorts of ER �  patients receiving endocrine 
therapy [18,19]. These studies demonstrated that 

(A)

(B)

   Figure 1. Kaplan-Meier estimates of disease free survival according to TIMP-1 status (A) and luminal subtype (B), n    �    236 and n    �    235, 
respectively (one patient with missing Ki67 score).  
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of TIMP-1 are dependent on cellular context and the 
tumor micro-environment in which they are studied 
[21,22]. Our previous studies (Bjerre et   al., unpub-
lished observations) showing that TIMP-1 induced 
an ER � /PR� phenotype were carried out in mono-
layer cell culture with tumor cells only, so in order 
to see if we could reproduce this fi nding in a clinically 
relevant setting, we explored TIMP-1 status accord-
ing to ER/PR/HER2 profi le in cohort II. Our results 
in cohort II does not support this fi nding emphasiz-
ing that an effect of TIMP-1 identifi ed in a preclini-
cal model not necessarily corresponds with 
observations in the clinical setting. 

 As preclinical and clinical studies have found 
both growth promoting and growth inhibitory func-
tions of TIMP-1, we wanted to investigate the asso-
ciations between TIMP-1 and Ki67. Our fi ndings 
suggesting an inverse association between TIMP-1 
and Ki67 are in contrast to fi ndings by Neri et   al. [8] 
who report the association for the whole study pop-
ulation and it would have been interesting to see if 
the association between TIMP-1 and Ki67 also 
occurred in patients receiving endocrine therapy 
only, in light of the fi ndings on prognosis discussed 
above. In our study, a larger number of patients were 
node-positive and had larger tumors as in the cohort 
analyzed by Neri et   al. The two studies use different 
antibodies for TIMP-1 and Ki67 and thresholds for 

positivity. Further, the percentage of TIMP-1 posi-
tive patients are quite different and as pointed out by 
Neri et   al. there is a need for standardization of meth-
odologies when evaluating TIMP-1. Our fi ndings on 
TIMP-1 and Ki67 warrants further studies as we 
consider our analysis exploratory. 

 ER �  breast cancer patients may be split accord-
ing to Ki67 in two prognostically different subtypes, 
luminal A and B, providing an approximation to 
intrinsic molecular subtyping [17,23,24]. Having 
identifi ed the negative association between TIMP-1 
and Ki67, we speculated if TIMP-1 could improve 
prognostic stratifi cation according to luminal sub-
type. DFS for luminal A patients was signifi cantly 
better than for luminal B patients, supporting the 
value of Ki67 as an independent prognostic marker. 
TIMP-1 status did not provide additional prognostic 
information, thus supporting our fi ndings in the pri-
mary analysis of the prognostic value of TIMP-1 in 
this cohort. 

 The strengths of our study on prognosis, TIMP-1, 
and Ki67 are that we included chemotherapy na ï ve 
patients with a long median follow-up time for both 
DFS and OS (10 and 13.2 years, respectively). On 
the other hand, the study has limitations. Both cohorts 
were sampled retrospectively rather than prospec-
tively and our fi ndings on TIMP-1 and Ki67 require 
validation in an independent cohort. In cohort II we 

  Table IV. DFS by multivariate analysis in cohort I. a   

Risk factor Level n HR (95% CI) p

TIMP-1 Negative 64 0.90 (0.57  –1.43) 0.66
Positive 172 1.00 (reference)

PR  �    1% 22 0.33 (0.14   – 0.82) 0.017
1 – 100% 214 1.00 (reference)

ER 1 – 89% 80 1.36 (0.87   – 2.13) 0.17
90 – 100% 156 1.00 (reference)

Ki-67 0 – 13% 163 b 1.00 (reference) 0.003
14 � % 73 2.06 (1.28   – 3.32)

Positive lymph nodes c 0 21 1.01 (0.40   – 2.56)  �    0.0001
1 – 3 131 1.00 (reference)
4 – 9 53 1.28 (0.76   – 2.15)
10 � 31 4.52 (2.59   – 7.90)

Age at surgery c 45 – 54 56 1.22 (0.71   – 2.11) 0.70
55 – 64 103 1.00 (reference)
65 – 74 77 1.19 (0.73   – 1.92)

Histological type c Non-ductal 35 1.55 (0.88   – 2.75) 0.019
Ductal grade I 60 0.57 (0.31   – 1.04)
Ductal grade II 95 1.00 (reference)
Ductal grade III 46 0.65 (0.37   – 1.16)

Tumor size c 0 – 20 mm 93 0.97 (0.61   – 1.55) 0.53
21 – 50 mm 125 1.00 (reference)
 �    51 mm 18 1.44 (0.73 – 2.85)

    CI, confi dence interval; ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor; 
TIMP-1, tissue inhibitor of metalloproteinases-1.  
   a Model stratifi ed by duration of allocated tamoxifen treatment (1, 2, and 5 years);  b Including one 
observation with unknown value ;     c p-value assessed by the Global test.   
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intentionally enriched for rare ER/PR/HER2 profi les 
which might have introduced bias in our results. We 
do not fi nd the use of different cut points for ER and 
PR of clinical relevance in the present study, as only 
5% of all breast cancer patients have a borderline ER 
expression of 1 – 9% [25]. It was not possible to 
include an untreated control group in the study on 
prognosis, and a clearer prognostic effect of TIMP-1 
might emerge in comparison with an untreated group 
and would also allow for evaluation of a potential 
predictive value of TIMP-1. Patients in cohort I 
received an inferior endocrine therapy by today ’ s 
standard as median time on tamoxifen was short 
(median 1.8 years) and an aromatase inhibitor was 
not included in the standard regimen. 

 In conclusion, TIMP-1 was not an independent 
prognostic marker in this study and we did not 
observe differences in TIMP-1 status according to 
ER/PR/HER2 profi le. Exploratory analysis revealed 
a negative association between TIMP-1 and Ki67. 

 Future studies will be aimed at validating our 
fi ndings on TIMP-1 and Ki67, investigate the fi nd-
ings on TIMP-1 and luminal subtypes, and evaluate 
TIMP-1s predictive value.     
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  Table V. Patient and tumor characteristics according to ER/PR/HER2 profi le, cohort II.  

ER � /PR � /

HER2�
ER � /PR�/

HER2�
ER�/PR�/

HER2�
ER�/PR�/

HER2 � 
ER � /PR � /

HER2 � All

pN (%) N (%) N (%) N (%) N (%) N (%)

Total 63 35 49 28 17 192
TIMP-1 0.13

Negative 9 (14.3) 11 (31.4) 11 (22.4) 10 (35.7) 5 (29.4) 46 (24.0)
Positive 54 (85.7) 24 (68.6) 38 (77.6) 18 (64.3) 12 (70.6) 146 (76.0)

Age at surgery, y 0.008
 �    39 6 (9.5) 0 (0.0) 7 (14.3) 4 (14.3) 2 (11.8) 19 (9.9)
40 – 49 14 (22.2) 2 (5.7) 12 (24.5) 2 (7.1) 4 (23.5) 34 (17.7)
50 – 59 16 (25.4) 15 (42.9) 16 (32.7) 8 (28.6) 4 (23.5) 59 (30.7)
60 – 69 13 (20.6) 9 (25.7) 14 (28.6) 14 (50.0) 4 (23.5) 54 (28.1)
 �    70 14 (22.2) 9 (25.7) 0 (0.0) 0 (0.0) 3 (17.6) 26 (13.5)

Menopausal status 0.02
Pre 25 (39.7) 4 (11.4) 19 (38.8) 7 (25.0) 7 (41.2) 62 (32.3)
Post 38 (60.3) 31 (88.6) 30 (61.2) 21 (75.0) 10 (58.8) 130 (67.7)

Positive lymph nodes 0.39
0 18 (28.6) 7 (20.0) 19 (38.8) 8 (28.6) 6 (35.3) 58 (30.2)
1 – 3 14 (22.2) 9 (25.7) 13 (26.5) 9 (32.1) 4 (23.5) 49 (25.5)
4 – 9 18 (28.6) 9 (25.7) 10 (20.4) 5 (17.9) 5 (29.4) 47 (24.5)
 �    10 13 (20.6) 10 (28.6) 7 (14.3) 6 (21.4) 2 (11.8) 38 (19.8)

Tumor size, mm 0.57
0 – 19 21 (33.3) 8 (22.9) 18 (36.7) 10 (35.7) 4 (23.5) 61 (31.8)
20 – 49 37 (58.7) 21 (60.0) 28 (57.1) 14 (50.0) 11 (64.7) 111 (57.8)
 �    50 5 (7.9) 6 (17.1) 3 (6.1) 4 (14.3) 2 (11.8) 20 (10.4)

Tumor grade  �    0.0001 a 
Unknown 2 (3.2) 3 (8.6) 4 (8.2) 2 (7.1) 0 (0.0) 11 (5.7)
I 12 (19.0) 4 (11.4) 0 (0.0) 1 (3.6) 1 (5.9) 18 (9.4)
II 39 (61.9) 15 (42.9) 6 (12.2) 9 (32.1) 5 (29.4) 74 (38.5)
III 10 (15.9) 13 (37.1) 39 (79.6) 16 (57.1) 11 (64.7) 89 (46.4)

Histological type 0.002
Inv. Ductal 55 (87.3) 23 (65.7) 45 (91.8) 25 (89.3) 16 (94.1) 164 (85.4)
Inv. Lobular 6 (9.5) 10 (28.6) 0 (0.0) 1 (3.6) 1 (5.9) 18 (9.4)
Inv. Other 2 (3.2) 2 (5.7) 4 (8.2) 2 (7.1) 0 (0.0) 10 (5.2)
Recurrence b 0.74
No c 32 (50.8) 18 (51.4) 23 (46.9) 17 (60.7) 7 (41.2) 97 (50.5)
Yes 31 (49.2) 17 (48.6) 26 (53.1) 11 (39.3) 10 (58.8) 95 (49.5)

    ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; Pre, premenopausal; Post, 
postmenopausal; TIMP-1, tissue inhibitor of metalloproteinases-1; y, years.  
   a Unknown excluded from analysis.  
   b Before 1 December 2008.  
   c Includes death from any cause (n � 91) and other malignant disease (n � 6).   
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