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Abstract 

Global gene expression profiles, consisting mainly of genes associated with proliferation, 

have been shown to subdivide histological grade 2 breast cancers into groups with different 

prognosis. We raised the question whether this subdivision could be done using a single 

proliferation marker, cyclin A. Furthermore, we combined cyclin A (CA), histological grade 

(G), and estrogen receptor-ER (E) into a new variable, CAGE. Our aim was to investigate, not 

only the prognostic importance of cyclin A alone but also the value of the combination 

variable CAGE. In 219 premenopausal node-negative patients, cyclin A was assessed using 

immunohistochemistry on tissue microarrays. High cyclin A was defined as above the seventh 

decile of positive cells. Only 13% of the patients received adjuvant systemic therapy. Cox 

proportional hazards regression was used to model the impact of the factors on distant 

disease-free survival (DDFS). Cyclin A divided histological grade 2 tumors into two groups 

with significantly different DDFS (hazard ratio [HR]: 15, P <0.001). When stratifying for ER 

status, cyclin A was a prognostic factor only in the ER positive subgroup. We found that 

CAGE was an independent prognostic factor for DDFS in multivariate analysis (HR: 4.1, P = 

0.002), together with HER2. CAGE and HER2 identified 53% as low-risk patients with a 5-

year DDFS of 95%. A new prognostic variable was created by combining cyclin A, 

histological grade, and ER (CAGE). CAGE together with HER2 identified a large low-risk 

group for whom adjuvant chemotherapy will have limited efficacy and may be avoided. 

 

Keywords: 

Breast cancer, Prognosis, Histological grade, ER status, Proliferation, Cyclin A 
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Introduction 

 

Breast cancer is a heterogeneous disease with large differences in prognosis. In spite of all 

efforts to individualize treatment, more than 80% of patients receive adjuvant treatment 

although the majority of patients would have been cured by surgery alone. An important 

improvement in standard clinical care would be to identify a larger low-risk group, that can be 

spared adjuvant systemic therapy, in particular chemotherapy. 

 

High proliferation is a key feature in breast carcinogenesis and markers of proliferation, e.g. 

mitotic activity, thymidine labeling index, S-phase fraction, Ki67, and cyclins have been 

shown to be associated to prognosis and to response to chemotherapy [1-7]. Ki67 and mitotic 

activity have recently been included in the St Gallen guidelines [8], but the role of other 

proliferation markers, such as cyclin A, is still debated. Cyclin A has been associated with a 

worse outcome in breast cancer patients in some studies [1, 9-11] but others were unable to 

confirm this finding [2, 12, 13]. Reasons for discrepant results include small numbers of 

patients (only two studies included more than 200 patients) and differences in lymph node 

status, cut-points, end-points and follow-up times, and adjuvant systemic treatment. Further 

studies in well-defined and homogeneous patient cohorts are therefore needed before the 

prognostic significance of cyclin A can be established. In this study, we have focused on 

premenopausal patients with lymph node-negative breast cancer. The majority of these 

patients (87%) had not received any adjuvant systemic therapy. 

 

Histological grade is a well-established prognostic factor in breast cancer. However, a 

substantial percentage of tumors (30-60%) are classified as grade 2. This large group has an 

intermediate risk of developing recurrences, and grading is hence not always informative in 

treatment decision making. Using gene expression profiling, patients with histological grade 2 

tumors could be subdivided into one group with good prognosis (similar to grade 1) and one 

group with poor prognosis (similar to grade 3) [14, 15]. The most important genes in these 

profiles were those associated with proliferation. In the St Gallen guidelines, it is suggested 

that multigene assays could add information in cases where the indication for adjuvant 

chemotherapy remains uncertain, for example in lymph node-negative patients with estrogen 

receptor (ER) positive, human epidermal growth factor receptor 2 (HER2) normal, and 

histological grade 2 breast cancer [8]. We therefore raised the question whether this 

subdivision could be obtained using a single proliferation factor, specifically cyclin A. 
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Global gene expression analyses have also shown that the prognostic profiles of ER-positive 

and ER-negative breast cancers differ significantly. In the ER-positive subgroup, genes 

associated with proliferation seem to be the most important, whereas genes associated with 

immune response are more important among ER-negative breast cancers [16, 17]. In line with 

this, a recent study from our group has shown that the proliferation marker Ki67 was of 

prognostic importance only in ER-positive breast cancers [18]. In that study, we also showed 

that the prognostic importance of Ki67 was dependent on histological grade [18], again 

showing similarities with gene expression data [14, 15]. The latter finding was recently 

confirmed in a consecutive series consisting of more than 1,500 patients [19]. Consequently, 

it may be critical to consider the interaction between histological grade, Ki67 or some other 

marker of proliferation (e.g. cyclin A), and ER for treatment decisions in primary breast 

cancer. In line with this hypothesis, we combined cyclin A (CA), histological grade (G), and 

ER (E) into a new dichotomous variable, CAGE, resulting in a low-risk group constituting 

grade 1 or grade 2/ER+/low cyclin A tumors and a high-risk group of the remaining cases. 

 

The aim of the study was to investigate, not only the prognostic importance of cyclin A alone 

but also the value of combining proliferation, histological grade, and ER status (CAGE), in 

node-negative premenopausal breast cancer patients. The performance of this new variable 

was also compared to the transcriptionally based genetic grade in a subgroup (40%) for which 

this information was available. 

 

Material and Methods 

 

Patients 

 

The initial patient population consisted of 237 premenopausal women with lymph node-

negative breast cancer, included between 1991 and 1994 in a prospective study of the 

prognostic value of S-phase fraction [20]. In 14 cases, no paraffin-embedded material was 

retrieved from the pathology departments and of the remaining cases, three were not 

considered invasive and one case had insufficient number of cells (<200). Consequently, 

cyclin A was evaluated in 219 cases and all figures in the following are based on these 

patients (Fig. 1). Primary surgical treatment, postoperative radiation, and adjuvant systemic 

treatment have been described in detail earlier [20]. Adjuvant treatment was given to 29 of the 
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patients (13%), of whom 21 received chemotherapy and 8 endocrine treatment. The median 

age was 47 years (range 30-57) and the median tumor size 15 mm (range 5-45). The median 

follow-up for distant metastasis was 10.3 years for patients alive and free from distant 

metastases at the latest review of the patients’ records, but because of nonproportional hazards 

for most of the factors studied, we restricted the analyses to the first 5 years. The study was 

approved by the ethics committee at Lund University (LU 240-01). 

 

Methods 

 

Tumor grading was performed according to Elston and Ellis and ER, PgR, HER2, and Ki67 

were analyzed as described earlier [18, 20, 21] 

 

Preparation of tissue microarrays 

 

Tissue microarrays (TMA) were prepared from paraffin embedded blocks, using a manual 

arrayer (Beecher Instruments Inc., Sun Prairie, WI). Two 0.6 mm cores were taken from 

representative areas of each primary tumor block and transferred into a recipient paraffin 

block, constituting the TMA block. 

 

Immunohistochemical staining 

 

Sections (3-4µm) were taken from each TMA block, transferred to glass slides, deparaffinized 

in xylene, and rehydrated in a ladder of graded ethanol (from absolute ethanol to distilled 

water). Antigen retrieval was done in Tris-EDTA buffer (pH 9) in a microwave oven for 10 

min (750 W) + 15 min (350 W), prior to processing in an automatic immunohistochemistry 

staining machine according to standard procedures (Autostainer, Dako, Denmark). The cyclin 

A2 (NCL-Cyclin A, 1:100, Novocastra Laboratories) antibody was applied for 30 min at 

room temperature. Immunostainings were detected via Dako Cytomation envision/HRP kit 

K5007. Tonsil tissue was used as a positive control and the primary antibody was omitted as a 

negative control. 

 

Evaluation of immunoreactivity 
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TMA slides stained for cyclin A were analyzed by two independent investigators (Cecilia 

Ahlin and Carina Strand). In the core with most positivity, 200 cells were counted manually 

in high-power fields, using the 40Xobjective of a light microscope with an ocular graticule 

consisting of a 10 x 10 grid. If there were not enough cells in the first core, additional cells in 

the second core were counted until 200 cells in total were counted. 

The cut-off value was defined as above the seventh decile in the empirical cyclin A 

distribution [22], which in this series corresponded to ≥15% (Cecilia Ahlin) and ≥17% 

(Carina Strand) positive cells, respectively. The agreement between the investigators 

evaluations of cyclin A expression, above or below respective cut-off, was good (kappa-value 

0.71). In this study we chose to focus on the results from the more experienced investigator 

(Cecilia Ahlin). 

 

Genetic grade 

 

Gene expression analysis was performed as previously described [23]. Tumors were classified 

to a genetic grade signature as described elsewhere [15, 23]. In the original study gene 

expression profiling was performed on 359 tumors. The overlap with the present study was 90 

tumors. 

 

Statistical analysis 

 

The Kaplan-Meier method was used to estimate distant disease-free survival (DDFS), and the 

log-rank test to compare survival in different strata. The Cox proportional hazards model was 

used for estimation of univariate and multivariate hazard ratios. Proportional hazards 

assumptions were checked with Schoenfelds’s test [24]. 

All factors were used as dichotomous covariates in the statistical analysis with the exception 

of age, which was also analyzed as a continuous variable, and histological grade (three 

groups). 

Because histological grade, Ki67 and cyclin A are highly correlated, they could not be 

evaluated in the same multivariate model. Therefore, we used a different approach, stepwise 

Cox regression with backward elimination, to select the best fitting model. In brief, the 

procedure starts with all variables and eliminates the least significant variable in each step 

until all the remaining variables have P-values <0.157, a stopping rule suggested by Royston 

and Sauerbrei [25]. The null hypothesis of identical prognostic effect of cyclin A in ER-
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positive vs ER-negative cases was evaluated using a Cox model with an interaction term 

between ER status and cyclin A. In the stepwise multivariate analysis, patients with missing 

values for one or more of the candidate variables were excluded. To minimize the information 

loss, the variables in the final multivariate model were evaluated in a separate Cox model. 

All tests were two-sided and P-values <0.05 were considered significant. The statistical 

analysis software Stata 11.1, 2010 (StataCorp, College Station, TX) was used for statistical 

calculations. Agreement between investigators was measured using Cohen’s kappa. 

Whenever applicable, the REMARK recommendations for reporting of tumor marker studies 

were followed [26]. 

 

Results 

 

Patient and tumor characteristics 

 

During the first 5 years of follow-up, distant metastases were recorded in 34 patients, and at 5 

years the DDFS was 84% (95% confidence interval [CI] 79-89%). The median cyclin A value 

was 8.5% (interquartile range 4.0-19%). High cyclin A was associated with age <50 years, 

large tumors, histological grade 3, ER and PgR negativity, HER2 positivity, and high Ki67 

(Table 1). 

 

DDFS 

 

Univariate analyses 

 

We found a statistically significant association between cyclin A and DDFS in univariate 

analysis (hazard ratio [HR]: 3.6, 95% CI: 1.8-7.1, P <0.001; Table 2). The corresponding HRs 

were 2.7 for Ki67 (95% CI: 1.4-5.5, P = 0.005), 2.7 for grade (95% CI: 1.4-5.2, P = 0.004), 

and 6.1 for HER2 (95% CI: 2.9-13, P <0.001). Age, ER, and PgR were also significant 

factors, whereas tumor size was not (Table 2). 

 

The prognostic value of cyclin A in different subgroups 

 

When subdividing according to histological grade, cyclin A could divide histological grade 2 

tumors into two groups with significantly different DDFS (HR: 15, 95% CI: 4.3-52, P <0.001; 
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Fig. 2). In the grade 1 and 3 subgroups, on the other hand, cyclin A was not a significant 

prognostic factor. When stratifying for ER status, cyclin A was a prognostic factor in the ER-

positive subgroup, but not in the ER-negative group (HR: 5.8, 95% CI: 2.2-16, P <0.001 vs. 

HR: 1.5, 95% CI: 0.55-3.9, P = 0.44). The difference in prognostic importance of cyclin A 

between ER-positive and ER-negative cases was further analyzed, yielding a strong, but not 

significant, interaction (HR: 3.9, 95% CI: 0.98-16, P = 0.054). When stratifying histological 

grade 2 according to ER status, we found a statistically significant difference between ER-

positive and ER-negative cases (HR: 3.5, 95% CI: 1.1-12, P = 0.038). In the histological 

grade 2 subgroup, ER-negative tumors, irrespective of cyclin A, had a 5-year DDFS of 71% 

(95% CI: 43-87%), thereby confirming these patients as belonging to the high-risk group. 

The next step was to evaluate the prognostic importance of the predefined combination of 

cyclin A, histological grade, and ER according to the following: Low CAGE consisted of all 

histological grade 1 cases and histological grade 2/ER-positive/low cyclin A cases. The high 

CAGE group was defined as; histological grade 3, histological grade 2/ER-negative, or 

histological grade 2/ER-positive/high cyclin A. We found a statistically significant 

association between CAGE and DDFS in univariate analysis (HR: 6.9 95% CI: 2.9-17, P 

<0.001). Using Ki67 as the proliferation marker, the HR was 4.6 (95% CI: 1.9-11, P = 0.001). 

The results remained significant when the patients receiving systemic adjuvant therapy (n = 

29) were excluded (data not shown). 

 

Genetic grade 

 

Overall, a strong correlation between genetic grade and cyclin A was identified (P <0.001, 

chi2). In the histological grade 2 subgroup, more than two thirds (22/32) of the tumors were 

equally classified (high vs. low). For patients in this subgroup there was a trend that genetic 

grade was associated with DDFS, but in this small material (n = 32) it did not reach 

significance (HR: 3.1, 95% CI: 0.7-13, P = 0.13). 

 

Multivariate analyses 

 

Stepwise regression identified age, HER2, and cyclin A as the most important prognostic 

variables (Table 2). Tumor size, histological grade, ER, PgR, and Ki67 were excluded from 

the model as nonsignificant (P >0.157). Even when cyclin A was removed from the set of 

predictors defining the full model, Ki67 was not a significant factor in this material. If CAGE 
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was used instead of cyclin A, histological grade, and ER, we found that CAGE was an 

independent prognostic factor for DDFS in multivariate analysis (HR: 3.6, 95% CI: 1.3-8.5, P 

= 0.010), together with HER2 and age (Table 3). 

Finally, we created a prognostic index based on the independent prognostic factors in the 

multivariate analysis. However, because age is not used as a continuous variable in clinical 

routine, we tested the independent prognostic value of age by using one commonly applied 

cut-off (≤35 years vs. >35 years). Using this cut-off, age was no longer an independent 

prognostic factor in this material, which might be explained by the small size of the ≤35 years 

group (only eight patients), and age was therefore excluded in our final model, which 

included only CAGE and HER2. The low-risk group (low CAGE and HER2 normal) 

constituted 53% of the patients (107/201) and had a 5-year DDFS of 95% (95% CI: 89-98%). 

The DDFS for the remaining 47% of the patients was 73% (95% CI: 63-81%), (HR: 6.6, 95% 

CI: 2.5-17, P <0.001; Fig. 3). 

 

Discussion 

 

By combining the proliferation marker cyclin A, histological grade, and ER status into a new 

variable, CAGE, and also considering HER2 status, a prognostic index was defined. When 

using this index, 53% of the patients were classified into a low-risk group. These patients had 

a 5-year DDFS of 95%, compared to 73% for the high-risk group. The underlying principle 

for combining cyclin A, histological grade, and ER status, was based on previous findings 

indicating that the prognostic importance of proliferation seems to be restricted to the ER-

positive subgroup and furthermore is most pronounced among histological grade 2 breast 

cancers. This has been shown with gene expression profiling [14-16] and also by using 

another single proliferation marker, Ki67 [18, 19]. Estrogen receptor negativity is associated 

with worse clinical outcome and high proliferation. However, proliferation alone seems not to 

give any additional prognostic information in the ER-negative subgroup. 

A few (3 out of 68) breast cancers in the histological grade 1 subgroup have high 

proliferation. We did not find that these cases had worse prognosis compared to those with 

histological grade 1 and low proliferation. However, one cannot exclude that these patients 

should be included in the high-risk group. Unfortunately, this study lacked the power for such 

an analysis. In a recent study of 275 grade 1 tumors, a significant difference in metastasis-free 

survival was found between patients with low- and high-Ki67 tumors [19]. 
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It should be stressed that the vast majority of the patients (87%) in this material did not 

receive any adjuvant systemic therapy. The proportion of systemically untreated patients was 

even higher in the low-risk group (95%, 102/107). The patients were diagnosed between 1991 

and 1994, and today most patients with ER-positive breast cancer would have been 

recommended adjuvant endocrine therapy. In the low-risk group 91% (97/107) of the cases 

were ER-positive, and most likely adjuvant endocrine therapy would have increased the 5-

year DDFS even further. The use of a proliferation marker for subdividing histological grade 

2 tumors is also in line with the St Gallen guidelines, where it is suggested that multigene 

assays could add information in cases for whom indication for adjuvant chemotherapy 

remains uncertain, for example in lymph node-negative breast cancer being ER-positive, 

HER2 normal, and histological grade 2 [8]. The generally most used prognostic gene profiles 

are the MammaPrint® and the Oncotype DX®. In both profiles, genes associated with 

proliferation are the most important. In this study, we have shown that among ER-positive 

cases, cyclin A can be used to divide histological grade 2 tumors into two groups with 

different prognosis, thereby identifying an additional quarter of the patients as low-risk 

patients (24%; 51/214). This additional group could thereby potentially be spared adjuvant 

chemotherapy. 

 

The new array-based techniques will probably be of great value in the future for improving 

personalized therapy and also to identify new targets for treatment. They are however, not yet 

widely used, very expensive, and generally require frozen tissue, even though RNA extracted 

from paraffin-embedded tissue is used in Oncotype DX®. To this end, the identification of 

molecular signatures to select patients who could be spared chemotherapy was found to have 

the highest priority in an international web-based consultation of breast cancer professionals 

[27]. Our study suggests that by using immunohistochemistry, and combining ER, 

histological grade, proliferation (e.g. cyclin A or Ki67), and HER2, a low-risk group can be 

defined with good prognosis and not in need of adjuvant chemotherapy. Furthermore, in 

subgroup analysis, a strong association between cyclin A and genetic grade was obtained. The 

use of conventional factors thus challenges the use of gene profiles for this purpose. This has 

also been demonstrated in previous studies, showing that conventional factors seem to give 

similar prognostic information as MammaPrint® and Oncotype DX® [28, 29]. 

 

In the present study, cyclin A performs slightly better than Ki67 as a prognostic factor. 

However, the decision of which marker to use in the routine clinical management of breast 
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cancer patients should be based on considerations of the prognostic strength of the factor and 

also of more practical issues, including the reproducibility and the costs of the analyses. In 

addition to cyclin A and Ki67, there are a number of other proliferation markers, e.g. mitotic 

activity and PPH3, associated with prognosis and which may also be useful for this purpose 

[7]. 

We chose to focus on the results from the evaluation of the more experienced investigator, but 

the kappa-value of 0.71 (good agreement) indicates that cyclin A can be reliably evaluated 

even if the investigator is less experienced. We believe that the similarities in HRs for the two 

readers (data not shown) also strengthen the robustness of the evaluation. When comparing 

with the reproducibility of other factors, a greater interobserver variability has been reported 

for the evaluation of histological grade [30]. In another study with a similar evaluation design 

as in this study, the reproducibility for Ki67 was, however, better (kappa-values >0.80). In 

this study, cyclin A was evaluated on sections obtained from TMA cores. If cyclin A is to be 

used in the clinic, the evaluation will be done on whole sections. Nevertheless, Aaltonen et al. 

[31] showed a good correlation between TMA cores and whole sections stained for cyclin A 

(kappa-value 0.62-0.75). In line with the results in an earlier publication, a predefined cut-

point at the seventh decile (15%) was used for defining the high-risk group. This cut-point is 

within the range of cut-points from earlier published studies (8–30%), defined as optimized 

cut-points, median cut-points, or categorization in three groups, respectively [1, 2, 9-13, 22, 

31]. 

 

In conclusion, by combining the proliferation marker cyclin A, histological grade, and ER 

status, a new risk variable (CAGE) was created. By adding HER2 status to this variable, a 

prognostic index was defined. When using this index, 53% of the patients in this study were 

classified as low-risk patients with a 5-year DDFS of 95%. For this low-risk group, adjuvant 

chemotherapy will have limited efficacy and may be avoided. 
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Fig. 1 Patient and specimen selection according to the REMARK recommendations [26]. 

 

237 premenopausal women with lymph node-negative breast cancer 
included between 1991 and 1994 in a prospective study  
of the prognostic value of S-phase fraction 
 
 
   14 patients: no paraffin-embedded material retrieved 
 
223 patients with paraffin-embedded tissue 
 
 
   3 cases: not invasive tumor 
   1 case: <200 cancer cells 
 
219 patients evaluated for cyclin A 
 

 

Fig. 2 Distant disease-free survival of 214 premenopausal women with lymph node-negative 

breast cancer in relation to histological grade and cyclin A. 
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Fig. 3 Distant disease-free survival (DDFS) of 201 premenopausal women with lymph node-

negative breast cancer. The low-risk group (low CAGE and HER2 normal) constituted 53% 

of the patients (107/201) and had a 5-year DDFS of 95% (95% Confidence Interval (CI): 89-

98%). The DDFS for the remaining 47% of the patients was 73% (95% CI: 63-81%), (HR: 

6.6, 95% CI: 2.5-17, P <0.001). 
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Table 1 Associations between cyclin A and other prognostic factors in 219 premenopausal 

patients with lymph node-negative breast cancer. 

 
 
Factor  No of  High cyclin A P-valuea 
  patients  No (%) 
 
 
All 219  68 (31) 
 
Age 
≥50 years   55    6 (11)  <0.001 
<50 years 164  62 (38) 

 
Size 
≤20 mm 163  41 (25)    0.001 
>20 mm   56  27 (48) 

 
Histological grade 

1   68    3 (4.4)  <0.001 
2   77  11 (14) 
3   69  54 (78) 
Missing     5 

 
ER 

Positive 145  24 (17)  <0.001 
Negative   74  44 (59) 

 
PgR 

Positive 158  24 (15)  <0.001 
Negative   61  44 (72) 

 
HER2 

Negative 183  53 (29)    0.024 
Positive   23  12 (52) 
Missing   13 

 
Ki67 

Low (<20%) 135  13 (10) 
High (≥20%)   63  51 (81)  <0.001 
Missing   21 
 

 

a χ2 test was used for all variables with the exception of histological grade where χ2 test for 
trend was used 
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Table 2 Univariate and multivariate analyses of prognostic factors for 5-year distant disease-free survival 

 
 
Factor Distant  Univariate (n ≤ 219)            Multivariate (n = 206)    
 recurrence  Hazard 95% Confidence P-value Hazard 95% Confidence P-value 
 No (%) ratio interval ratio interval 
 
 
Age 0.90 0.85-0.95 <0.001 0.92 0.86-0.98     0.014 

 
Age 
≥50 years 2 (3.6)  1.0 
<50 years 32 (20) 5.9 1.4-25 0.015 Excluded from model, NS 

 
Size 
≤20 mm 22 (14)  1.0 
>20 mm 12 (21) 1.7 0.86-3.5 0.12  Excluded from model, NS 

 
Histological grade 

1 + 2 16 (11)  1.0 
3 18 (26) 2.7 1.4-5.2 0.004 Excluded from model, NS 

 
ER 

Positive 16 (11)  1.0 
Negative 18 (24) 2.4 1.2-4.8 0.010 Excluded from model, NS 

 
PgR 

Positive 17 (11)  1.0 
Negative 17 (28) 3.0 1.5-5.9 0.001 Excluded from model, NS 

 
HER2 

Negative 19 (10)  1.0 
Positive 11 (48) 6.1 2.9-13 <0.001 4.3 2.0-9.1  <0.001 
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Ki67 
Low 15 (11)  1.0 
High 17 (27) 2.7 1.4-5.5   0.005 Excluded from model, NS 

 
Cyclin A 

Low 14 (9)  1.0 
High 20 (29) 3.6 1.8-7.1 <0.001  3.1 1.5-6.7     0.003 
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Table 3 Multivariate analysis of the combination variable CAGE (cyclin A, histological grade, ER), age, and HER2 in premenopausal patients with 

lymph node-negative breast cancer (n = 201) 

 
 
Factor  Hazard ratio  95% Confidence interval  P-value 
 
 
CAGE (high vs. low)  4.1   1.6-10     0.002 

HER2 (positive vs. negative) 4.1   1.9-8.6   <0.001 

Age, years   0.93   0.87-0.99     0.02 

 

CAGE low risk: histological grade 1 or grade 2/ER+/low cyclin A, CAGE high risk: grade 3, grade 2/ER-, or grade 2/ER+/high cyclin A, HER2 

negative: 0/1+ or 2+ and not amplified, HER2 positive: 2+ and amplified or 3+ 


