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Abstract
Koliadi, A. 2014. The Prognostic Impact of Proliferation Markers in Breast Cancer
with Emphasis on Cyclin B1 and PPH3. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 1004. 89 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-554-8962-5.

The aim of this thesis was to investigate the prognostic role of the proliferation markers cyclin
B1 and Phosphorylated Histone 3 (PPH3) in breast cancer (BC).

In paper I we used an experimental study design, we compared women dying early from
their BC with women free from relapse more than eight years after initial diagnosis. All women
had stage I, node-negative and hormone receptor positive disease. None had received adjuvant
chemotherapy. We found that low-risk node negative patients with high expression of cyclin B1
had a significantly worse outcome than patients with low expression of cyclin B1.

In paper II a population-based case control study was performed to further investigate the
prognostic value of cyclin B1. One hundred and ninety women who died from BC were defined
as cases and 190 women alive at the time for the corresponding case’s death were defined as
controls. Inclusion criteria were tumor size 50 mm, no lymph node metastases, and no adjuvant
chemotherapy. Two investigators evaluated the stainings independently. Cyclin B1 was found
to be a prognostic factor for BC death that could identify high-risk patients with a good to very
good reproducibility.

Paper III aimed to investigate the role of proliferation in male breast cancer (MBC).
One hundred and ninety-seven MBC tumors were stained for cyclin A, B1, D1 and Ki67.
Overexpression of cyclin A and B1 and elevated mitotic count were predictive of breast cancer
death. Ki67 was re-evaluated and different cut-offs were used, but no prognostic value could be
demonstrated. On the other hand high levels of cyclin D1 were associated with better outcome
in MBC.

In paper IV we applied the immunohistochemichal panel suggested from international
guidelines to the same patient material as in paper II, to discriminate luminal A from luminal
B BC. We wanted to evaluate if different cut-off values of Ki67, cyclin A or B1 could more
clearly separate luminal A from B. Cyclin A, B1 and Ki67 (cut-off 20%) could detect difference
in outcome between these subtypes with cyclin A showing greater prognostic value.

The aim of paper V was to examine the prognostic role of PPH3 compared to the proliferation
markers Ki67, cyclin A and cyclin B1 with focus on ER positive disease. PPH3 was found
to be a prognostic factor for breast cancer death but in the multivariate analysis including all
proliferation markers, only cyclin A remained a prognostic factor.

Finally, we conclude that both cyclin B1 and PPH3 are prognostic factors for breast cancer
death, but are outperformed by cyclin A in ER positive patients. In male breast cancer prognostic
factors need to be further studied.
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     AI                       Aromatase inhibitor 
ALND                Axillary lymph node dissection 
BC                      Breast cancer 
BMI                    Body mass index 
CDK   Cyclin dependent kinase 
CDKI Cyclin dependent kinase inhibitor 
CMF              Cyclofosfamide, methotrexate, fluorouracil 
DFS                    Disease free survival 
DNA Deoxyrebonucleic acid 
EBCTCG           Early Breast Cancer Trialists’ Collabora-

tive Group 
EGFR Epidermal growth factor receptor 
ER                      Estrogen receptor 
ESMO European Society of Medical Oncology 
FAC                    Fluorouracil, adriamycin, cyclofosfamide 
FEC                    Fluorouracil, epirubicin, cyclofosfamide 
FISH Fluoroscence in situ hybridization 
GGI Genomic grade index 
HER2 Human epidermal growth factor receptor 2 
3HTdR   Tritiated thymidine index 
IHC     Immunohistochemical 
ITC  Isolated tumor cells 
LHRH                Luteinizing hormone releasing hormone 
MAI    Mitotic activity index 
MBC Male breast cancer 
MPF Maturation promoting factor 
MRI                    Magnetic resonance imaging 
m-TOR            Mammalian target of rapamycin 
NGS Nottingham grading system 
NPI Nottingham prognostic index 
OS                      Overal survival 
PPH3 Phosphorylated Histone 3 
RT  Radiotherapy 
RNA Ribonucleic acid 
SNB  Sentinel node biopsy 



 

SPF S-phase fraction 
TMA Tissue microarray 
TNM Tumor size, node, metastasis 
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Introduction 

Epidemiology 

Breast cancer (BC) is the most common female malignancy and the lead-
ing cause of cancer death among women worldwide, accounting for 25% 
(1.7 million) of the total new cancer cases and 14.7% (522.000) of the 
total cancer deaths in 2012 [1][2]. Although the overall number of new 
diagnoses was similar in developed countries compared with developing 
countries, incidence rates were almost two and a half times higher in 
developed countries (71.7/100.000 and 29.3/100.000, respectively) after 
adjusting for population size and age structure [3]. In Sweden, 8.382 new 
cases of female BC were diagnosed in 2011, which constituted 30.3% of 
all female cancers and 45 new cases of male BC, which comprise 0.1% 
of male cancer. The cumulative probability of developing BC before the 
age of 75 years is 10% in Swedish women [4] . BC incidence in women 
has increased with 1.4 per cent annually during the last 20 years. It is also 
common to diagnose BC more than once in the same woman [5].  

Etiology and Risk Factors 

About 5-10% of all BCs are due to mutations in certain genes; 2.5-5% 
represent mutations in the BRCA1 and BRCA2 genes and women bear-
ing these genes have a higher risk of developing BC, ovarian cancer and 
several other types of cancer. Li Fraumeni syndrome, ataxia telangiecta-
sia and Peutz-Jeghers syndrome are other hereditary diseases associated 
with a high risk for developing BC. Traditionally, early age at menarche, 
high age at first full-term birth, nulliparity, history of benign breast dis-
ease, current or recent oral contraceptive use, and current or long-term 
combinational replacement therapy represent risk factors for BC. How-
ever, many of those factors are actually associated with luminal A and B 
tumors[6-8]. Furthermore, high body mass index (BMI) or obesity in-
creases the risk for luminal B tumors in premenopausal women whereas 
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the risk for luminal A tumors is decreased [6, 7]. Short duration of breast-
feeding, obesity and family history of BC are thought to be risk factors 
for triple negative BC among premenopausal women [7]. The duration of 
lactation is also inversely associated with the relative risk of both triple 
negative and luminal subtypes. Alcohol consumption, low physical activ-
ity, ionization radiation are some other risk factors. The findings that risk 
factors differ between molecular subtypes suggest etiological heterogene-
ity in breast carcinogenesis. 

Diagnosis 

The procedures used to diagnose BC include clinical examination, mam-
mography, often suppplemented by ultrasonography and fine-needle aspi-
ration or core biopsy for pathological examination. Magnetic resonance 
imaging (MRI) of the breast is another radiologic method able to detect 
BC but not established as a routine method in Sweden, with the exception 
of young BRCA-mutation carriers who have dense breasts where the 
sensitivity of screening mammography is reported to be lower [9]. 

Screening mammography detects half of BCs in Sweden and the others 
are clinically detected. Regular mammography screening for women aged 
40-69 years was introduced gradually in Sweden from 1974, achieving 
nationwide coverage across all 21 counties in 1997. Mammography has 
an estimated sensitivity of 92% and a specificity of 90%. Some studies 
have shown that the method of diagnosis is an independent prognostic 
factor and patients with mammography-detected tumors have better out-
comes than patients with tumors detected by other methods, even 15 
years after diagnosis [10, 11]. 
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Pathology 

Information from the clinical examination and radiological imaging is 
used before surgery to describe the BC according to TNM staging sys-
tem. The tumor size, lymph node status and distant metastases (TNM) are 
important factors determining systemic therapy. After surgery, the patho-
logical TNM, denoted by the prefix p (pTNM) based on histopathological 
examination, adds accurate information about the size of tumor and espe-
cially the lymph node status, usually the sentinel node status. BC is clas-
sified in different stages based on the TNM system (Table 1). 
 
 

Table 1. TNM classification of breast cancer (7th edition). 

Tx — Primary tumor cannot be assessed   

T0 — No evidence of primary tumor   

Tis — Carcinoma in situ.   

- Tis (DCIS) — Intraductal carcinoma in situ.   

- Tis (LCIS) — Lobular carcinoma in situ.  

T1 — ≤2 mm  

T2 —  >20 mm but ≤50 mm   

T3 — >50 mm   
T4 — Tumor of any size with direct extension 
to the chest wall and/or the skin, inflammatory  

NX — Regional lymph nodes  

cannot be assessed (eg, previously removed). 

 

N0 — No regional lymph node metastases.  
N1 — Metastasis to movable ipsilateral level I, 
II axillary lymph nodes pN1 — 1-3 axillary nodes 

N2 — Metastasis to ipsilateral level I,  
II axillary   lymph nodes that are clinically fixed  

pN2 — 4-9 axillary nodes 

N3 — Metastases in ipsilateral infraclavicular 
(level III axillary), supraclavicular, internal 
mammary lymph nodes 

pN3 — ≥ 10 axillary nodes or infra-
clavicular nodes 

M0 — No clinical or radiographic evidence of 
distant metastases 

 

M1 — Distant detectable metastases as deter-
mined by classic clinical and radiographic ex-
amination 
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Prognosis 

The relative 10-year survival was almost 80% in the year 2009 in a Swe-
dish population, which was a remarkable improvement compared with 
approximately 50% in the 1960s in the same population [12][13]. The 
survival gain is likely to have several different causes, including im-
proved detection through screening, increasing specialization of care and 
better access to more effective treatments, such as improved surgical 
techniques, targeted use of radiotherapy and use of adjuvant therapies 
including the widespread adoption of tamoxifen and aromatase inhibitors 
(AIs). A BC mortality reduction of 26% after 6–11 years of follow-up 
seems to be the likely impact of the European service mammography 
screening program offered to women aged 50–69 [14]. 
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Treatment 

Surgery 

Patients with primary BC are operated using either breast conservative 
surgery (lumpectomy) or modified radical mastectomy. The latter is pre-
ferred for large (> 50 mm), multifocal, inflammatory tumors, lesions that 
infiltrate the chest wall and skin. Mastectomy can also be the patient’s 
preference or recommended when an acceptable cosmetic result is not 
possible with breast conserving surgery, often due to the size of tumor in 
relation to the breast volume. For patients with locally advanced disease 
or for downstaging, neoadjuvant treatment is indicated before any sur-
gery is feasible. No surgical treatment is recommended routinely in pa-
tients with metastatic BC, but exceptions exist.  

In common routine breast conservative surgery is followed by sentinel 
node biopsy (SNB). If the SNB is negative no further surgery is required 
but if the SNB is positive then axillary lymph node dissection (ALND) 
has been recommended. However, recent studies show that knowledge of 
further nodal status beyond SNB does not significantly influence the 
decision for adjuvant systemic treatment, which is mostly based on tumor 
characteristics and SNB status alone [15]. In patients with limited senti-
nel node metastasis treated with breast-conserving surgery, whole-breast 
irradiation, and adjuvant systemic therapy, the use of ALND compared 
with SNB alone do not result in superior survival [16]. Therefore, ALND 
is no longer justified in patients with clinically negative axillary nodes 
and seems to be unnecessary in patients with pathological positive SNB 
[17, 18]. Consequently, the limited surgical procedure of SNB minimizes 
the risk of developing lymph edema in the arm, the most common mor-
bidity after ALND.  
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Radiotherapy 

Postoperative radiotherapy (RT) is delivered to women treated with 
breast conservative surgery and in patients with positive lymph nodes, 
regardless of the surgical method. For patients treated with mastectomy 
postoperative irradiation is recommended in cases of multiple tumors, 
tumor > 5cm and uncertain surgical margins and skin involvement. Radi-
otherapy is delivered within 4-8 weeks after breast conservative surgery, 
excluding patients receiving chemotherapy where radiotherapy starts 
usually within 3–4 weeks after the last chemotherapy cycle. Conventional 
radiotherapy is represented by whole breast irradiation generally using 
two tangential fields and a standard regimen of 2 Gy x 25 = 50 Gy. A 
boost irradiation of 2 Gy x 5-8 = 10-16 Gy is recommended in young 
patients, in cases of uncertain surgical margins and multiple tumors in the 
removed sector. Hypofractionated radiotherapy has been evaluated in 
several trials [19] and has demonstrated comparable outcomes and toxici-
ty as conventional fractionation, suggesting that radiotherapy can be giv-
en under a shorter time period using larger doses per fraction [20, 21].  

In 2011, the EBCTCG meta-analysis of women receiving radiotherapy 
after breast conserving surgery and reduced the 10-year risk of any (ie, 
locoregional or distant) first recurrence from 35.0% to 19.3%(absolute 
reduction 15.7%) and reduced the 15-year risk of BC death from 25.2% 
to 21.4% (absolute reduction 3.8%). The new fact here is that radiothera-
py after breast conserving surgery reduces BC death, thus also reduces 
distant recurrence [18]. Because the risk of loco-regional recurrence in-
creases with the number of positive axillary lymph nodes, a widely 
adopted approach has been to accept RT only for patients with four or 
more positive axillary nodes.  The indication of loco-regional RT in the 
presence of one to three positive lymph nodes has been the subject of 
controversy. New data support that patients with 1-3 positive lymph 
nodes have a similar benefit from RT as those having > 4 positive lymph 
nodes [22, 23]. RT, does have a strong systemic effect, significantly re-
ducing the rate of systemic recurrences and thus improving overall sur-
vival, both in the setting of post mastectomy and after conservative sur-
gery. 
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Endocrine therapy 

Tamoxifen was the first medicine used for the endocrine therapy of meta-
static BC in the late 1970s and introduced as adjuvant treatment for pre- 
and postmenopausal women with estrogen receptor (ER) positive BC 
between 1985-1990. In the late 1990s the first generation of aromatase 
inhibitors (AI) was introduced initially as second line and later as first 
line endocrine therapy for postmenopausal women with metastatic and 
early BC [24]. 

The recommended endocrine treatment duration has so far been five 
years [25]. Tamoxifen is the recommended endocrine therapy for 
premenopausal women. For those women even ovarian suppression with 
luteinizing hormone releasing hormone (LHRH) analogues or ablation 
can be used to reduce estrogen levels to postmenopausal status. Combi-
nation of letrozole usually for 2 years and switch to tamoxifen for the rest 
of the 5-year period is recommended for postmenopausal women. AI 
alone for five years is the treatment choice for women with > 4 positive 
lymph nodes. The use of AI in premenopausal women is not recommend-
ed because the ovarian estrogen secretion is not affected of these medi-
cines. 

Recently presented studies reveal new data and bring into discussion the 
duration of endocrine therapy. The Adjuvant Tamoxifen: Longer Against 
Shorter (ATLAS) trial has shown that for women with ER-positive dis-
ease, continuing tamoxifen to 10 years rather than stopping at 5 years 
produces a further reduction in recurrence and mortality, particularly 
after year 10.  These results suggest that 10 years of tamoxifen treatment 
can approximately halve BC mortality during the second decade after 
diagnosis [26]. Furthermore the MA 17 trial suggests that extended adju-
vant therapy achieved a significant improvement in overall survival in 
postmenopausal women with node-positive disease [27]. The 12-year 
update of the BIG 1-98 adjuvant trial, comparing letrozole with tamoxi-
fen monotherapy, was presented at a San Antonio Breast Cancer Sympo-
sium in December 2013 and revealed the benefit of letrozole over tamox-
ifen with a reduction in the risk of a DFS event in Luminal B BC for both 
ductal and lobular histology. There was also a trend for OS favoring let-
rozole in women with lobular cancer [28]. 
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Chemotherapy 

Adjuvant chemotherapy in BC was initially administered to lymph node-
positive patients and the first established regimen CMF (cyclophospha-
mide, methotrexate and 5-fluorouracil) reduced the relative risk of re-
lapse by 34% and the relative risk of death by 26% [29].  Anthracyclines 
were introduced in the 1990s and a EBCTCG meta-analysis showed that 
anthracycline-containing polychemotherapy regimens produced greater 
positive effects at regards recurrence, and on mortality [30]. Adriamycin 
or epirubicin are the commonest anthracyclines used in FAC (Fluoroura-
cil, adriamycin, cyclofosfamide) or FEC (Fluorouracil, epirubicin, cyclo-
fosfamide) polychemotherapy regimens. Anthracycline-based chemo-
therapy has decreased the probabilities of recurrence, BC mortality and 
overall mortality by 3% at 5 years and 4% at 10 years [31], compared 
with CMF, leading to a moderate but highly significant advantage for 
anthracyclines.  

The next step in adjuvant chemotherapy of BC was the introduction of 
taxanes (docetaxel and paclitaxel) in the 2000s. Several studies and a 
meta-analysis of 19 adjuvant taxane trials demonstrated a 19% reduction 
in the hazard ratio for DFS and OS for the taxane-containing regimens 
[32]. 

Antibody-based treatment 

Trastuzumab is a monoclonal antibody that binds to HER2 and leads to 
cell proliferation arrest. Adjuvant trastuzumab is offered to patients with 
overexpression of the HER2. Treatment with a trastuzumab containing 
regimen has improved the DFS and OS irrespective of tumor size, nodal 
and hormonal status and age [33]. The DFS event rate was reduced by 
48% and the mortality by 39%, as presented in previous studies [34, 35]. 
The optimum duration of trastuzumab treatment has been a matter of 
debate. The HERA trial demonstrated no benefit for 2 years trastuzumab 
treatment versus 1-year treatment while the PHARE trial did not show 
that 6 months of treatment with trastuzumab in combination with chemo-
therapy was non-inferior to 12 months of such treatment [36, 37]. Thus, 1 
year of treatment with trastuzumab in combination with chemotherapy 
remains the standard.  
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Pertuzumab is another humanized monoclonal antibody that inhibits het-
erodimerization and downstream signaling and is approved for use in 
combination with trastuzumab. The NeoSphere trial showed that patients 
given pertuzumab and trastuzumab plus docetaxel had a significantly 
improved pathological complete response rate compared with those who 
only received trastuzumab and docetaxel [38, 39].  

New drugs 

Apart from adjuvant use endocrine therapy is important in metastatic 
disease. The development of resistance in hormonal therapy in up to 50% 
of BC patients remains a topic under investigation. The BOLERO-2 trial 
compares a combination arm of an m-TOR inhibitor (everolimus) plus a 
steroidal aromatase inhibitor (exemestane) with a control arm of placebo 
and exemestane in postmenopausal and hormone-resistant metastatic 
disease. Patients receiving the combination of everolimus with exemes-
tane had a 4-6 month prolonged progression-free survival. The S1207 
ongoing trial attempts to answer the question whether the addition of 
evorolimus to standard adjuvant endocrine therapy improves the invasive 
disease-free survival in patients with high risk ER-positive BC [40][41].  
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Male breast cancer 

Male breast cancer (MBC) is an uncommon disease representing 0.5-1% 
of all breast cancers in North America and Europe. Higher incidence in 
certain African countries explained by infectious diseases that leads to 
higher estrogen levels [42]. In the Nordic countries MBC accounts for 
0.2% of all invasive cancer in men, resulting to approximately 100 new 
diagnoses every year [43]. 

Risk factors associated with an increased risk for MBC are obesity, phys-
ical inactivity, gynecomastia, orchitis/epididymitis, liver cirrhosis and 
radiation exposure [44]. Many of these factors alter the ratio of estrogen 
to androgen resulting in estrogen excess. Four percent to 40% of MBC is 
thought to result from autosomal dominant inheritance in BRCA1 and 
BRCA2 mutations, whereas BRCA2 mutations are much more common. 
In men with Kleinefelter’s syndrome (usually 47XXY) the risk for BC is 
20 to 50 times higher than in 46XY men.  

In men BC presents usually as a painless lump in the breast and especial-
ly in the retroareolar area. The diagnostic procedure involves clinical 
examination, mammography and/or ultrasonography and fine-needle 
aspiration or core biopsy for histopathological verification. In men the 
most common histology is ductal carcinoma (>90%) while lobular carci-
noma is very rare. The prevalence of MBC increase with age and the 
peak incidence occurs at an average age of 60 years. 

MBC has been reported to be in more advanced stage at diagnosis com-
pared to female tumors. Stage T4 because of skin and nipple involve-
ment, lymphovascular invasion and positive lymph nodes in 40-50% are 
reported. Anatomic differences like the smaller distance between breast 
tissue and skin could possibly explain the higher rate of axillary nodal 
involvement[45]. It is reported that 5% of all MBC in situ cancers are 
diagnosed while still in situ [46].  
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Comparisons of outcome between male and female BC are contradictory. 
Several studies indicate a poorer survival for men when compared with 
women with BC while others found no difference in disease specific sur-
vival [47-49]. 

The management of MBC involves surgery, radiotherapy, endocrine 
therapy, chemotherapy and antibody therapy. MBC patients receive 
treatment according to guidelines in female BC. Today most patients 
undergo radical modified mastectomy, preferable because of the central 
location of tumors. In one of the largest series of MBC, where 85% of 
patients received radiotherapy the rates of chest and nodal recurrence 
were low, suggesting benefit from radiotherapy [46]. For patients treated 
with mastectomy same principles as in females are followed regarding 
the radiotherapy.  

The majority of studies in MBC show that ER and PgR expression is 
greater compared to female BC (80-90% versus 75 and 73-81% versus 
65%, respectively). Endocrine treatment is therefore considered an im-
portant part of the MBC management. Tamoxifen is the first choice in the 
adjuvant and in metastatic disease. Adjuvant treatment with tamoxifen in 
MBC is associated with significantly improved outcome according to 
retrospective studies [46]. Today, 5 years tamoxifen adjuvant treatment is 
recommended in men with BC.  

The role of chemotherapy in MBC is not well examined. Randomized 
studies with high power will probably never be feasible because of the 
rarity of MBC. Men with MBC should recommended chemotherapy ac-
cording to the guidelines regarding women.  

Due to the rarity of MBC, limited information is available about the role 
of proliferation. Overexpression of Ki67 is associated to poorer outcome 
in some studies whereas other studies do not detect any prognostic value 
[50, 51]. To date and to our knowledge cyclin A and B1 have not been 
investigated in MBC, while the prognostic value of cyclin D1 have been 
examined in a few small series of MBC with contradictory results [50, 
51]. The recommended adjuvant treatment in MBC is tamoxifen and 
previous studies in female BC have associated cyclin D1 with tamoxifen 
resistance [52].  
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Prognostic factors 

Prognostic factors aim to foresee the outcome of patients, risk of relapse 
and death, irrespective of treatment. Such factors are usually indicators of 
growth, invasion and metastatic potential. Predictive factors intend to 
assess the outcome of patients receiving a certain systemic therapy and 
thus are intimately associated with sensitivity or resistance to therapy.  

Histological grade, lymph node status and size are well-studied and es-
tablished prognostic markers in early BC. The prognostic value of the 
proliferation marker Ki67 concerns mainly the ER-positive BC. Age and 
peritumoral vascular invasion are also known prognostic markers that are 
taken into account before therapy decisions are made.  

Estrogen receptors (ER), progesterone receptors (PgR) and HER2 are 
both prognostic and predictive factors. 

Histological grade 

The first approach to a BC histological grading system was established 
by Bloom and Richardson [53].  The system used today, called the Not-
tingham Grading System (NGS) is a modification of the above, intro-
duced by Elston and Ellis in 1991 [54]. It is based on pathological eval-
uation of tubular formation, nuclear atypia and number of mitoses. The 
scores for the three components are summated and categorized as follow: 
grade 1 (3-5) is well-differentiated, grade 2 (6-7) is moderately differen-
tiated and grade 3(8-9) is poorly differentiated. Grade 1 tumors have the 
best prognosis, grade 3 characterizes more aggressive lesions with a poor 
prognosis tumors and grade 2 is in-between, not informative for clinical 
decision-making and represents about 30-60% of all tumors. The histo-
logical grade is an independent prognostic factor in breast cancer DFS 
and OS, but controversial opinions on the reproducibility of the system 
have been demonstrated. NGS will always have an underlying subjective 
element, which entails moderate reproducibility [55, 56]. Among the 
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NGS three variables, mitotic count has an independent role in predicting 
overall survival in multivariate analysis [57-60] and, in some cases, pro-
vides even additional prognostic information. The moderate reproducibil-
ity of the NGS and the fact that the mitotic index has the strongest prog-
nostic value is a subject of debate and a proposal of modifications and 
simplifications of the system have been suggested [59, 60]. The gene 
expression grade index (GGI), developed from genes associated with cell 
cycle and proliferation differentially expressed between grade 1 and 3 
tumors could more accurately grade tumors into two categories. Histolog-
ic grade 2 tumors were reclassified into grade 1 or 3, simplifying the 
grading system and suggesting the use of GGI as a substitute for or com-
plementary with histologic grade in the Nottingham Prognostic Index 
(see above).  

Lymph node status 

Axillary lymph node status remains one of the most important factors in 
staging, adjuvant treatment choice and prognosis of survival in BC. The 
number of positive lymph nodes is utilized to divide BC patients into four 
groups: negative nodes, 1-3 positive nodes, 4-9 positive nodes and > =10 
positive nodes. The 5-year survival for patients with node-negative dis-
ease is 82.8% compared with 73% for 1- 3 positive nodes, 45.7% for 4-
12 positive nodes, and 28.4% for ≥13 positive nodes. There is also a di-
rect relationship between the number of positive axillary lymph nodes 
and the risk of distant recurrence [61].  

Since the sentinel node era, new terms have been introduced to precisely 
define the metastases in the axillary lymph nodes as macrometastases 
when >2mm tumor deposits in diameter are found, micrometastases are 
defined as measuring between 0.2mm and less than 2mm. The existence 
of isolated tumor cells in an area of less than 0.2 mm in largest diameter 
is denoted as lymph node negative. Some studies suggest that inde-
pendently of the size (micro-, or macro-), lymph node metastasis is nega-
tively associated with prognosis, indicating adjuvant systemic chemo-
therapy and local irradiation [58, 62, 63]. However, other tumor charac-
teristics are taken into consideration especially when ITC or micrometas-
tases are found in ER-positive lesions, with favorable outcome tumors 
(luminal A) that can be treated with endocrine therapy alone.  
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Size 

Tumor size at diagnosis correlates with the histological grade and the 
number of positive lymph nodes and is also an independent factor with 
strong prognostic value even after 20 years of follow-up [58, 64, 65].  In 
a study of 13,464 patients with node-negative BC, those with tumors <1 
cm had a 5-year OS of close to 99% compared with 89% for tumors be-
tween 1 cm and 3 cm and 86% for tumors between 3 cm and 5 cm. Simi-
lar results were also seen in longer follow-up. The 20-year recurrence-
free survival is 88% for tumors ≤1 cm, 72% for tumors between 1.1 cm 
to 3 cm, and 59% for tumors between 3.1 cm and 5 cm in a study of 
node-negative BC  patients [66].  

Histological grade, lymph node status and tumor size often remain signif-
icant in multivariate analysis and are the three equally contributing ele-
ments composing the Nottingham Prognostic Index (NPI) [67]. The NPI 
has been further validated in many studies and can predict survival pat-
terns in stratified groups [68, 69]. Studies and meta-analysis of gene ex-
pression signatures show that in multivariate models lymph node status 
and size remain independent factors for BC death [70, 71].  

Age 

Young age at diagnosis of BC is often associated with clinically detected 
aggressive tumors, with lymph node metastases, triple negative profile 
and larger size.  However, adjuvant treatment diminishes the poor prog-
nostic value of young age.  

ER and PgR  

ER and PgR are both prognostic and predictive factors used to decide 
whether the patient will benefit from endocrine treatment or not[72, 73]. 
Approximately 80% of all BCs have ER-positive tumor cells [74]. Two 
types of ER are recognized, ERα and ERβ with the former much more 
frequently expressed. IHC methods using monoclonal antibodies visual-
ize the ER located in the nucleus. International guidelines (St Gallens, 
ESMO, ASCO) have recommended a cut-off >1% ER-positive tumor 
cells for the likelihood of response to endocrine therapy [75-77]. On the 
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other hand European and National guidelines have recommended ER ≥ 
10% as the optimal cut-off [77]. This discrepancy influences the decision 
whether patients with ER expression between 1-9% should receive endo-
crine therapy or not. A recent study showed that approximately 3% of all 
BC express ER in the range of 1-9% and have clinical and pathological 
characteristics different from ER-positive tumors [78]. 

PgR is also a nuclear receptor and its expression is induced by ER activa-
tion [79]. PgR-negativity is associated with poorer outcome in BC and is 
en independent prognostic factor for BC death[80, 81]. However, a recent 
meta-analysis of randomized trials evaluated adjuvant Tamoxifen vs no 
adjuvant Tamoxifen suggested that the effect of Tamoxifen in ER-
positive patients is independent of PgR level [77]. A recent study showed 
that high expression of PgR is more frequently observed in luminal A 
than luminal B tumors, although approximately 50-75% of luminal B 
tumors express PgR but may be lower than luminal A [80].  

HER2 

HER2 is a protein encoded by ERBB2 proto-oncogene located on chro-
mosome 17 and belongs to the epidermal growth factor receptor (EGFR) 
family. Amplification of this gene is reported in 11-30% of early BC 
patients and associated with a poor outcome [82].  The high expression of 
HER2 assessed by immunohistochemistry or the amplification of the 
HER2 gene is associated with aggressive tumor growth and poor progno-
sis[82]. On the other hand, HER2 is a predictive factor for the treatment 
with the antibody trastuzumab in the adjuvant and metastatic setting [33]. 
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Proliferation markers 

The normal process of cell development and division is called cell 
growth or proliferation. Uncontrolled proliferation is the cancer cell’s 
main characteristic. Immunohistochemistry is one of the methods used to 
visualize proliferated cells, by staining for several proliferation bi-
omarkers.  

Mitotic activity index (MAI) is the most widely used proliferation marker 
and defined as the number of mitoses per 10 high power fields at the 
periphery of the tumor and carries the highest prognostic value among 
the components of the Nottingham Grading System (NGS). The inde-
pendent prognostic value of MAI regarding the development of metasta-
ses or death has been confirmed in meta-analyses in both univariate and 
multivariate models [83]. Studies have also demonstrated that MAI is 
independent of tumor size in node-negative patients [59, 84],  

Ki67 is a nuclear protein encoded by the MKI67 gene and is strictly as-
sociated with cell proliferation. It is present in all phases of the cell cycle 
and reaches its level peak during mitosis [85]. Ki67 is not expressed in 
the quiescent phase (G0) [86]. The Ki67 and MIB-1 monoclonal antibod-
ies bind different epitopes of the Ki67 antigen but the main difference 
between them is that MIB-1 can be used in formalin embedded tissues, 
whereas Ki67 only works on fresh or frozen tissue, which reduces its 
clinical usefulness. Several antibodies have been developed for use in 
paraffin sections but MIB-1 has been validated more frequently [87]. 

Even though the exact function of the Ki67 protein remains unknown, 
several investigations in the majority of retrospective studies have shown 
that its overexpression in BC tissue is a prognostic factor for poor out-
come both in node-positive and node-negative patients [85, 86, 88-91]. 
There is high positive correlation between Ki67 and histological grade, 
MAI, S-phase, tp53 and HER2, while ER status is more often reported 
inversely correlated with Ki67 [92, 93]. 

Studies have investigated the role of Ki67 as a predictive factor for adju-
vant treatment in ER-positive tumors but the results are contradictor [94-
96]. On the other hand, reduction in Ki67 is a strong predictor of long-
term outcome in neoadjuvant chemotherapy and, moreover, in endocrine 
therapy [93, 97, 98]. 
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However, unstandardized staining and scoring methodology, lack of re-
producibility and differently used cut-off values limit its clinical validity 
[99].  The International Ki67 in the Breast Cancer Working group pre-
sented recommendations for Ki67 assessment in 2011; however, most 
laboratories have adjusted their methodology over a period of time to 
achieve results with reasonable clinical utility and the incorporation of 
new routines requires such efforts [91]. 

The S-phase fraction (SPF) is a proliferation marker with prognostic val-
ue in BC. It represents the percentage of cells in a tumor that synthesize 
DNA in the S phase of the cell cycle. The tritiated thymidine index 
(3HTdR) was the first method used to measure SPF and required fresh 
tissue and autoradiography [100]. This method allowed the recognition of 
proliferative cells, even if the proliferation rate was slow. Flow cytometry 
measurement of SPF is the most validated method since fresh, frozen or 
paraffin-embedded tissue can be used [101]. An immunohistochemical 
(IHC) method using specific antibodies for 5-bromodeoxyouridine 
(BrdU) allows the measurement of SPF with a better resolution than 
3HTdR [102]. A high SPF is correlated to a poor prognosis; both relapse-
free survival and overall survival were significantly higher in patients 
with low SPF tumors [103-105]. The technique can be performed on both 
fresh-frozen and paraffin embedded tissue but the latter is often associat-
ed with more debris and, therefore, a higher proportion of tumors which 
SPF cannot be assessed. 

The study of other proliferation markers such as topoisomerase IIa and 
cyclin-dependent kinase inhibitors (CDKIs) has not yet resulted in useful 
clinical markers but improves the understanding of proliferation com-
plexity. 

Gene expression profiling assays 

The simultaneous quantitative assessment of thousands of expressed 
genes in BC series from individual patients led to the molecular classifi-
cation of BC. The major molecular BC subtypes with prognostic and or 
predictive value,  identified by gene expression profiling assays, are 
called luminal A, luminal B, HER2-enriched, basal like [106-110]. The 
four intrinsic subtypes are shown in Table 2. 

 
Table 2. Molecular classification of breast cancer. 
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Luminal A High expression of ER, ER-related genes 
Luminal B High expression of ER, ER-related genes, proliferation 

genes and in some cases HER2 
HER2-enriched Expression of HER2 and related genes 
Basal-like Low expression of ER, PR and HER2, expression of     

cytokeratins (5,6) 

The luminal BCs are characterized by estrogen positivity, the expression 
of estrogen-associated genes and are sub-classified into two distinct sub-
groups, luminal A and B. The main biological distinction between lu-
minal A and B subtypes is based on proliferation signatures. Luminal B 
tumors express proliferation genes, such as MKI67 and CCNB1, and are 
significantly associated with poorer outcomes. In 2009, Cheang et al 
examined a simplified classification based on the IHC markers ER, PgR, 
HER2 and Ki67. Ki67’s ability to distinguish luminal A from B was in-
vestigated. Firstly, the gene signature PAM50 was used to identify lu-
minal A and B, then the value of Ki67 able to distinguish the two groups 
was defined by IHC at 14% and validated in an independent cohort [111]. 
This definition was adopted by the 2011 St Gallen guidelines for the sys-
temic treatment of early BC recommending adjuvant endocrine therapy 
alone for patients with luminal A tumors and the addition of chemothera-
py for patients with luminal B BC [112]. The 2013 St Gallen guidelines 
included the requirement of substantial PgR positivity (≥20%) in the 
definition of luminal A to achieve a greater clarity of distinction between 
luminal A and B tumors [75]. 

HER2-enriched and basal-like BC have poor prognosis; however, they 
are chemotherapy sensitive [113, 114]. The OS and the DFS in HER2-
enriched group is prolonged by the combination of trastuzumab and 
chemotherapy. 

Today, it is well known that gene signatures are mostly available for pa-
tients with ER-positive early BC whereas no established tests exist for 
the other BC subtypes. The best-known gene-arrays are Oncotype DX 
Recurrence Score and MammaPrint. The Oncotype DX is developed to 
identify patients with ER-positive, node-negative disease treated with 
adjuvant tamoxifen who will benefit from chemotherapy. A recurrence 
score is attained by scoring and plugging ER-, HER2-, proliferation-, 
invasion- related genes into an algorithm. Proliferation genes are the 
most heavily weighted components in the formula [70].  
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overexpression of cyclin D1 occurs via oncogene signaling, cyclin D1 
locus amplification (10-20%) or mutations affecting degradation [116]. 
Furthermore, Cyclin D1 can act as a co-factor for ER-a, independently of 
ligand and CDK coordination [117].  

The overexpression of cyclin D1 has reported contradictory results in 
BC. In some studies, high Cyclin D1 levels are associated with non-
aggressive features such as positive ER status, small tumors and low 
grade and thus linked to better outcome [118]. On the other hand, other 
studies have demonstrated the opposite, showing that the overexpression 
of cyclin D1 is a predictive factor for tamoxifen resistance and poor 
prognostic features in ER-positive BC [52, 119, 120]. The maintenance 
of ERB2-induced tumors in mice is dependent on the continued expres-
sion of cyclin D1. Deletion of cyclin D1 led to a reduced animal tumor 
burden and decreased Ki67 expression in these tumors, indicating the 
involvement of cyclin D1 in proliferative activity [121].  

Cyclin E binds to CDK2 and the activated complex phosphorylates target 
proteins involved in DNA replication. Cyclin E levels peak during G1-
phase. There are two types of cyclin E but cyclin E1 has been more ex-
tensively studied. The cyclin E-CDK2 complex completes the inactiva-
tion of the RB protein through phosphorylation resulting in E2F repres-
sion and transcriptional activity in the S-phase. After this point, further 
cell cycle progression becomes independent of mitogenic stimulation. As 
the S-phase progresses cyclin E becomes degraded by mechanisms in-
volving the ubiquitin-proteasome system.  

Cyclin A is produced at the onset of DNA synthesis in the S-phase and is 
associated with the CDK2. Cyclin A-CDK2 is important for S phase pro-
gression and regulates the nuclear accumulation and activation of cyclin 
B1-CDK1.  Association with CDK1 leads to the active complex of Cy-
clin A-CDK1 that is present in G2 and regulates the G2 to M transition. 
Cyclin A is involved in cellular activities that lead to a progression of 
replication and transcription and is a marker of tumor proliferation activi-
ty. Degradation of cyclin A occurs during mitosis. Some previous studies 
have reported that overexpression of cyclin A is associated with worse 
outcome in early BC [122-124] while other publications have shown 
contrary results [125].  

Cyclin B1 accumulation starts in the S-phase, reaches the maximum level 
at mitosis and is rapidly degraded during the metaphase-anaphase transi-
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tion. The cyclin B1-CDK1 complex is called the maturation-promoting 
factor (MPF) and is important for the chromosome condensation, nuclear 
envelope breakdown and spindle pole assembly; these are necessary 
mechanisms for cell progression into and out of mitosis. Before mitosis, 
cyclin B1 is located in the cytoplasm but, in late prophase, it is phos-
phorylated and relocates to the nucleus.  At the end of mitosis, cyclin B1 
becomes the substrate for the anaphase-promoting complex that degrades 
cyclin B1 and permits the cell to exit mitosis. The CCNB1 gene that en-
codes cyclin B1 is located in chromosome 5.  

Overexpression of cyclin B1 in BC studies is associated with poorer out-
comes [125-128] and correlated to histological grade and Ki67 but not to 
metastasic development [129]. Looking closer at BC subtypes, high cy-
clin B1 expression is found in Luminal B and basal like tumors and, fur-
thermore, in ductal versus lobular and mixed histological types [130].  

Unlike other cyclins (cyclins A and E), cyclin B1 is not overexpressed as 
a result of its gene CCNB1 amplification. Agwahl et al hypothesize that 
other oncogenic events such as MYC amplification and/or TP53 muta-
tion, drive the overexpression of cyclin B1 in basal-like and luminal B 
tumors. In that study, high cyclin B1 was also correlated to an overex-
pression of Aurora kinase B and other genes indicating that inhibitors of 
these pathways may be beneficial in the treatment of basal-like and lu-
minal B tumors where cyclin B1 is overexpressed [130].  

The importance of proliferation in tumorigenesis is robust and antiprolif-
erative agents have been suggested as potential treatment strategies. 
Hence, several inhibitors of the CDK-1 subunit of the MPF (cyclin B1-
CDK1) have been previously investigated but most of them lack sensitiv-
ity [131]. The theory that cyclin B1 could be the target for antiprolifera-
tive drugs is investigated in another study. Yuan et al used small interfer-
ing RNAs (siRNAs) to target cyclin B1 in several human tumor cell lines 
and found that the protein level of cyclin B1 was reduced and the cells 
were arrested in G2/M phase in all cell lines tested, among them MCF-7 
BC cells. The proliferation of tumor cells was suppressed and apoptosis 
increased [132].  In contrast to tumor cells, proliferation and apoptosis 
were not influenced in normal vein epithelial cells treated with siRNAs, 
making the antiproliferative drug strategy with siRNAs more attractive. 

During the cell cycle, DNA is packed into structural units called nucleo-
somes. The protein component of nucleosomes includes histones and 
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non-histone proteins. There are 5 major histone families H1/H5, H2A, 
H2B, H3 and H4. Each individual nucleosome consists of an octameric 
histone core (pairs of H2A, H2B, H3 and H4) and double-stranded DNA. 
Histone modifications with methylation, acetylation and phosphorylation 
of several bases play a fundamental role in DNA function by controlling 
chromatin structure. The phosphorylation of histone H3 (PPH3) in serine 
10 and 28 takes place during chromosome condensation and remains 
until the end of mitosis [133, 134]. Aurora B kinase has been identified to 
be the enzyme that is responsible for histone H3 phosphorylation at 
Ser10. Some studies indicate that PPH3 and Aurora B kinase are associ-
ated during the end of cytokinesis and have an important role in the for-
mation of daughter cells [134, 135]. In vitro, small molecules inhibiting 
Aurora kinases have been reported to enhance the anti-proliferative effect 
of taxanes in metastatic triple-negative BC [136]. 

 Antibodies against the phosphorylated Histone H3 are used as a tool to 
recognize cells in mitosis. The stable and contrast-rich staining has con-
tributed to a high reproducibility between observers and remains con-
sistent with digital image analyses [137]. 

The mitotic activity index (MAI) is one of three parameters of the Not-
tingham Grading System for BC and influences therapy decision making. 
However, the lack of reproducibility in MAI evaluation in hematoxylin-
eosin stained sections has been discussed and considered to be a limita-
tion. PPH3 has been investigated in node-negative BC patients and 
showed to correlate strongly with MAI and in certain studies even had 
the strongest prognostic value [137-139].  
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Aims of the thesis 

The aim of this thesis was to investigate the prognostic value of prolifera-
tion markers, especially cyclin B1 and PPH3, in BC.  

The specific aims were: 

Paper 1:  To investigate whether the proliferation marker cyclin B1 could 
differentiate poor from good prognosis patients in a subgroup of low-risk 
BC patients. 

Paper 2:  To further examine the prognostic value of the proliferation 
marker cyclin B1 in a lymph-node-negative and chemotherapy-untreated 
patient cohort using immunohistochemistry and to evaluate its reproduci-
bility. 

Paper 3:  To evaluate the prevalence and prognostic value of the prolifer-
ation markers cyclins A and B1 and Ki67 in male breast cancer. 

Paper 4: To apply the IHC panel suggested in the 2011 St Gallen guide-
lines to our material and to investigate whether an alternative Ki67 cut-
off, cyclin A or B1 can distinguish luminal A from luminal B in a reliable 
fashion. 

Paper 5: To investigate the prognostic role of PPH3 compared with the 
proliferation markers Ki67, cyclin A and B1 in lymph-node-negative BC 
with focus on ER-positive patients.  
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Materials 

Paper I 

Patients from a defined cohort of women diagnosed with BC in the Upp-
sala-Örebro region between 1993 and 2001 were analyzed. The patient 
cohort was identified from the regional BC registry, that has a population 
coverage of 99% and a high level of agreement regarding data on primary 
treatment retrieved from patients files. They all had tumors < 2 cm, no 
lymph node metastases, a histologic grade of I/II or low proliferation 
(SPF), ER and/or PgR receptor positive tumors and none had received 
adjuvant chemotherapy. Women who died of their BC denoted as cases. 
In this study we chose as cases the 25 with the shortest survival after their 
BC diagnosis and as controls 25 women that were alive and without re-
lapse eight years after the BC diagnosis. Since only 34 women fulfilled 
the control inclusion criteria, all were included. After data review 17 
cases and 24 controls remained (figure 3). 

 
Inclusion Criteria 
Tumor size <= 20mm 
No lymph node metastases 
Histological grade I-II 
Low proliferation (S-phase) 
ER- or/and PgR- positive receptors 
No adjuvant chemotherapy 

 
 

 
 
 
 
 
Figure 3. Inclusion criteria and selection of 17 cases and 24 controls, patients 
dying early and being alive 8 years after BC diagnosis.  

Cases 25 17 

Controls 34 24 

Exclusion criteria 
No paraffin blocks 5 
Controlateral breast cancer 3 
Tumor size > 2cm 1 
Distant metastasis or lymph node at 
diagnosis 

2 

Non breast cancer death 1 
Relapse or death of breast cancer 3 
Diagnosis or death of concurrent cancer 3 
 18 
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Table 3. Patient and tumor characteristics of 190 cases and corresponding 
controls with no lymph node metastases, tumor size ≤50 mm, and chemotherapy 
naïve. 

  
Case      

n 
(%) 

 
Control 

n 
(%) 

Tumor histology     
Ductal 163 (86) 145 (76) 

Lobular 20 (10) 23 (12) 
Others 7 (4) 22 (12) 

Histologic grade     
1 19 (10) 48 (25) 
2 94 (50) 105 (55) 
3 76 (40) 34 (18) 

Not known 1 (0) 3 (2) 
ER     

Positive 103 (54) 147 (77) 
Negative 79 (42) 41 (22) 

Not known 8 (4) 2 (1) 
PgR     

Positive 73 (38) 127 (66) 
Negative 108 (57) 60 (32) 

Not known 9 (5) 3 (1) 
HER2     

Overexpression (IHC 3+ or 
FISH pos) 

18 (10) 13 (7) 

Normal 158 (83) 161 (85) 
Not known 14 (7) 16 (8) 

Adjuvant radiotherapy     
Yes 101 (53) 116 (61) 
No 89 (47) 74 (39) 

Adjuvant endocrine  
therapy 

    

Yes 53 (28) 47 (25) 
No 137 (72) 143 (75) 

Total 190  190  
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Table 4. Clinico-pathological characteristics. 
 

Variable n % Variable n % 
Age (years)	   Mean 70      (range 23–98)	  

Tumor size (mm)	   Median 20   (range 4–100)	  

Tumor side   ER   

 Right 85 43 Positive (>10%) 183 93 

 Left 108 55 Negative (≤10%) 9 5 
 Data missing 3 2 NA 5 3 
       
Tumor size   PR   
 pT1 91 46 Positive (>10%) 152 77 
 pT2 60 31 Negative (≤10%) 38 19 
 pT3 6 3 NA 7 4 
 T4 20 10    
 NA 20 5    
       
Node status   Ki67   
 0 88 45 High (>14%) 92 47 
 Positive 78 40 Low (≤14%) 99 50 
 NA 31 15 NA 6 3 
       
Metastases   HER2   
 No 178 90 Positive by IHC or SISH 21 11 
 Yes 9 5    
 Data missing 10 5    
      
Grade      

I (NHG 3–5)	   15	   8	   	   	   	  

II (NHG 6–7)	   96	   49	   	   	   	  

III (NHG 8–9)	   81	   41	   	   	   	  

NA	   5	   3	   	   	   	  

Abbreviations. NA: not analyzed  SISH: silver in situ hybridization 
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Methods  

Paper I 

Immunohistochemical staining was performed on paraffin-embedded 
tissue sections from BC tumors. Four to 5 µm thick sections were cut 
from the paraffin blocks and mounted on super-frost slides. Conventional 
slides were deparaffinized in xylene and rehydrated through a ladder of 
graded ethanol (absolute ethanol, 95%, 80% and distilled water). Antigen 
retrieval was done in tris buffer (pH=8) using a pressure cooker before 
processing the sections in an automatic immunohistochemistry-staining 
machine according to standard procedures (Autostainer; Dako, Sweden). 
The primary antibody for the detection of cyclin B1 (rabbit monoclonal; 
Y106; Epitomics Inc, Burlingame, CA, USA) was applied for 30 minutes 
at room temperature. Immunostainings were detected via DAKO Cyto-
mation envision/HRP kit K5007. Tonsil samples were used as positive 
controls. The primary antibody was omitted from negative controls. In 
most tumors 1 000 cells were counted, with a minimum level set at 200 
cells.  

Nuclear as well as cytoplasmic stainings were assessed in a comparative 
study. A cut-off value separating high and low cyclin B total (total 
=nuclear and/or cytoplasmic staining) was set at ≥ 9% corresponding to 
the 7th decile of all patients ’ values. Both staining and scoring were 
performed blinded to case and control status. 

Papers II, IV, V 

Immunohistochemistry was used and performed on formalin-fixed paraf-
fin-embedded tumors. Haematoxylin and eosin sections were reviewed 
and areas with invasive tumor were selected. Histological grade was 
evaluated according to the Elston and Ellis grading system[54]. Repre-
sentative areas from each tumor were punched and brought into recipient 



 41 

paraffin blocks to construct TMAs (tissue microarray) consisting of two 
cores (diameter 1 mm) from each tumor. The TMA slides were deparaf-
finized and rehydrated as described above in paper I. Antigen retrieval 
was performed in TE (Tris-EDTA pH 9 buffer) in a microwave oven for 
10 minutes (750W) 15 min (350W) before being processed in an auto-
matic immunohistochemistry staining machine according to standard 
procedures (Autostainer; Dako, Sweden). All antibodies were applied for 
30 min at room temperature. The following monoclonal antibodies were 
used: cyclin A (NCL-Cyclin A 1:100 NovoCastra Laboratories, UK), 
cyclin B1 (Y106 1:200 Epitomics Inc, Burlingame, CA, USA), Ki67 
(1:200 M7240, Dako, Sweden), ER (NCL-ER-6F11 1:150 NovoCastra 
Laboratories, UK), and PgR (NCL-PGR 1:100 NovoCastra Laboratories, 
UK). For PPH3 the rabbit polyclonal anti-phosphohistone H3 (ser10) was 
used (Upstate #06.570 1:1500 Lake-Placid, NY, USA).  Immunostainings 
were detected via DAKO Cytomation envision/HRP kit K5007. For cy-
clin A, B1, Ki67 and PPH3 stainings, tonsil samples were used as posi-
tive controls; and for ER and PgR stainings, BC tissue was used. The 
primary antibody was omitted from negative controls. HER2 status was 
determined using IHC staining with HercepTest (DAKO) and cases were 
classified as0, 1+, 2+ or 3+ according to standard procedures. All cases 
considered as 2+ were further analyzed by fluorescent in situ hybridiza-
tion, as well as cases with a cytoplasmic and/or doubtful IHC staining 
pattern. All patients with HER2 amplified tumors or with IHC score of 
3+ were considered HER2-positive.  

Evaluation of immunoreactivity scores 

In paper II two independent investigators evaluated cyclin B1 by count-
ing several numbers of cells in hotspots (100 cells, 200 cells, 500 cells 
and 1000 cells). One investigator counted cells on a computer screen 
using digitally acquired images that a light microscope had provided. The 
other investigator counted cells in high-power fields using a light micro-
scope (an ocular graticule consisting of 10 x 10= 100 grids was used). 
1000 tumor cells were counted in most TMAs (minimum 200cells). The 
percentage of positive cells in approximately 100, 200, 500 cells was 
calculated and to get the average percentage of positive cells we divided 
all positive cells from the two cores of biopsies with the entire or largest 
number of cells (approximately 1000) from the same biopies. The 7th 
decile was used to define the cut-off values. High and low staining of 
cyclin B1 on TMA slides from BC are shown in picture 1. 
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Picture  1. High (a) and low (b) staining of cyclin B1 (Epitomics Inc.) on tissue 
microarray slides from breast cancer cells with 100x magnification. 

In paper V, PPH3 evaluation was assessed blindly by an investigator 
(AK) and supervised by a board-certified breast pathologist (HO). PPH3 
showed both nuclear staining and staining of mitotic figures. Nuclei with 
fine granular staining, intact membrane and presence of nucleolus were 
excluded from the quantification since they belong to cells in interphase 
[137]. Mitotic figures characterized by chromatin clumps, had strong and 
dense staining and were accepted as positive. 

We used two methods to evaluate the PPH3 staining. The percentage of 
positive stained cells counting 200 and 500 tumor cells were calculated 
and the number of positive stained cells in 10 fields of view. Tumor cells 
were counted in high-power fields (40X objective) using a light micro-
scope with an ocular graticule consisting of 10 X 10 = 100 grids. As the 
TMA area core is approximately 7 FOVs, the results were extrapolated to 
10 FOVs (PPH3 index). The most mitotic active TMA core was counted, 
multiplied by 1.59 and divided by the whole area of the TMA, 1.13 mm2. 
The cut-off value was defined by the 7th decile as has been shown in pre-
vious studies evaluating proliferation markers in TMAs.  The distinct 
staining of PPH3 in BC cells with 200 and 400x magnification is shown 
in picture 2. 
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a.                                                          b. 

                                                   
 
Picture 2. PPH3 staining (Lake-Placid) in breast cancer cells with 200x (a) and 
400x (b) magnification. 

Paper III 

The tissue microarray slides were deparaffinized in xylene and rehydrat-
ed through a ladder of graded ethanol (absolute ethanol, 95%, 80% and 
distilled water). For cyclin A (NCL-Cyclin A; Novo Castra Laboratories) 
and cyclin D1 (RM-9104-S; Neo Markers) antigen retrieval was per-
formed in a micro- wave oven for 10 min (750 W) + 15 min (350 W) 
using a TE-buffer. For Cyclin B (1495-1; Epitomics) antigen retrieval 
was performed in a pressure cooker for four minutes with the use of TRS 
buffer. After antigen retrieval, all tissue microarray slides were processed 
in an automatic immunohistochemistry staining machine according to the 
standard procedures (Autostainer, Dako, Sweden). 

Evaluation of immunoreactivity scores. Cyclins A and D1 were analyzed 
by one investigator (CN) and cyclin B1 by a second investigator (AK). 
The percentage of positively cells was assessed by choosing the high-
power field with the largest number of positive stained cells out of the 
two biopsies and dividing by the entire number of cells from the same 
high-power field. A minimum of 200 cells per tumor was counted. For 
cyclins A and D1, cells with unequivocal nuclear staining and for cyclin 
B, nuclear and cytoplasmic staining, were considered as positive. Cells 
were manually counted in high-power fields using a light microscope.  
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Statistics 

Paper I 

The study was designed to compare two groups of women with low-risk 
BC experiencing different outcomes, those dying early of their BC and 
denoted as cases and those alive and without relapse eight years after the 
BC diagnosis. Sample size was calculated using Lehr’s formula: to detect 
a minimum difference in the distribution of a continuous variable of one 
standard deviation 16 patients (α=0.05; β=0.20) or 21 patients (α=0.05; 
β=0.10) were needed in each group. Since the patients were selected, 
Fisher’s exact test was used comparing cases and controls. For compari-
son of means, Mann-Whitney was used. Differences were considered 
statistically significant if p < 0.05. 

Paper II 

Prognostic factors such as age, tumor size, hormone receptors, histologi-
cal grade, mitotic count, tubuli, nuclear atypia, HER2, Ki67, cyclin A and 
cyclin B1 were analyzed univariately, using conditional logistic regres-
sion analysis to estimate odds ratios. Multivariate conditional logistic 
regression analysis including these factors considered not to be appropri-
ate because histological grade, mitotic count, nuclear atypia, Ki67, cyclin 
A and Cyclin B1 were highly correlated. In addition, models adjusted for 
age and tumor size were performed. For cyclin B1 endocrine therapy was 
also included in the adjusted model. Correlations between cyclin B1 and 
other clinicopathological parameters were assessed with Spearman’s 
correlation test.  

The data were dichotomized in order to examine the reproducibility of 
the IHC analysis of cyclin B1. The degree of concordance between the 
two investigators was quantified as the chance corrected measure of 
agreement, known as kappa[140]. 
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One commonly applied definition for the interpretation of different kappa 
values is as follows: <0.20 poor; 0.21–0.40 fair; 0.41–0.60 moderate; 
0.61–0.80 good; 0.81–1.00 very good. 

Paper III 

Correlations between variables were analyzed using Spearman’s correla-
tion test. The association between disease stage and treatment was tested 
using χ2 test. Cox proportional regression was used for uni- and multivar-
iate analyses. Survival estimates were calculated with Kaplan–Meier and 
log-rank statistics. Breast cancer death was chosen as the end-point, other 
cases were censored. All p values are two-sided with statistical signifi-
cance set at 0.05. For evaluation of cyclins in comparison with other 
clinico-pathological variables, we used the results from a previous study 
on the same patient material. 

Paper IV 

In paper IV conditional logistic regression analysis for matched case-
control study was performed to estimate odds ratios (ORs) and confi-
dence intervals (CIs) using the PHREG procedure in SAS (SAS Institute 
Inc). 

Paper V 

The PPH3 was first analyzed univariately in the entire material (190 cas-
es/190 controls) using conditional logistic regression analysis to estimate 
odds ratios using SPSS statistics. 

The primary study was designed as a matched case-control and the sam-
ple size was calculated to reveal a difference for prognostic factor levels 
in cases and controls with an odds ratio of 2.5. One aim of this study was 
to examine only ER-positive patients. In total, 77 out of 190 matched 
pairs were available for the analysis. Because of a great loss of data with 
restriction to matched pairs, we conducted an unmatched analysis of the 
whole cohort of ER-positive women by using unconditional logistic re-
gression. Univariate analysis of well-documented clinico-pathological 
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prognostic factors (age, tumor size, histologic grade, PgR, HER2 status, 
adjuvant endocrine therapy) and proliferation markers (cycklin A, cyclin 
B, PPH, Ki67) was performed.  

In the ER-positive group the variance inflation factor (VIF) was calculat-
ed for each proliferation marker to assess multicollinearity in multivariate 
models. VIF values were < 2.5 for all proliferation markers, indicating 
that multicollinearity was unlikely to be present in this study. Multivari-
ate analyses of proliferation markers (adjusted for age, tumor size, histo-
logic grade, PgR, adjuvant endocrine therapy) were therefore performed. 
As a further sensitivity analysis, we used conditional logistic regression 
to include only the 77 matched pairs.  

Spearman’s analyses between PPH3200, PPH3500, PPH3 index and age, 
tumor size, histologic grade, mitotic count, tubuli, nuclear atypia, ER, 
PgR, HER2, Ki67, cyclin A and B1 were performed for all patients and 
ER-positive patients to estimate correlations between those factors. The 
analyses were performed using the StatsDirekt statistical software.  

 
 



 47 

Results 

Paper I 

Women that died early of their BC (cases) and women alive and without 
relapse eight years after BC diagnosis where accurately separated by the 
proliferation marker cyclin B1 using immunohistochemistry. 

The mean value cyclin B1 total was 12% (95%CI 8-16%) for cases and 5% 
(95%CI 4-6%)for controls and cyclin B1 nuclear was 2% (95%CI 0-5%) for 
cases and 0.5% (95%CI 0-1%) for controls. Cut-off value separating high 
and low cyclin B1 total was set at ≥ 9% and high cyclin B1 total could accu-
rately identify 11 of 17 patients with early death and low cyclin B1 total 
could accurately identify 22 of 24 patients that were free from relapse 
eight years after the initial diagnosis.  The specificity was 92% and the 
sensitivity 65%. The overall accuracy for identifying women died from 
BC and long time survivors using cyclin B1 total was 80% (33/41) and 
using cyclin B1 nuclear 65% (27/41).  

Paper II 

For cases, the median cyclin B1100 was 9% (range 0-48%), for cyclin 
B1200 8% (range 0-48%), for cyclin B1500 8% (range 0-46%), and for cy-
clin B1tot 7% (range 0-46%). The corresponding values for controls were 
cyclin B1100 5% (range 0-46%), for cyclin B1200 5% (range 0-46%), for 
cyclin B1500 4% (range 0-37), and for cyclin B1tot   4% (range 0-35%). 

Cyclin B1 was highly correlated to histological grade, mitotic count, 
other proliferation markers as Ki67 and cyclin A(r=0.63-0,80) and in-
versely correlated to ER and PgR (r=-0.25-0.33). Weaker correlation was 
seen between cyclin B1 and HER2 and tumor size (r=0.25-0.27). 
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A statistically significant association was observed between BC death 
and expression of cyclin B1100, cyclin B1200, cyclin B1500 , cyclin B1tot, 
Ki67, cyclin A, histological grade, mitotic count, tubuli, nuclear for-
mation, tumor size, ER, and PgR using conditional logistic regression in 
a univariate model, see table 5. All these differences remained after ad-
justment for tumor size and age at diagnosis. Furthermore, the independ-
ent prognostic value of cyclin B1 persisted when endocrine therapy was 
included in the multivariate analysis (cyclin B1tot: OR 3.3, 95% CI 1.9–
5.9). Overexpression of HER2 was not statistically associated with BC 
death. 

Within the case group studied on its own, there was a difference in time 
from diagnosis to distant metastasis comparing patients with low cyclin 
B1200 to high cyclin B1200 (43 and 33 months, respectively). There was 
also a difference in survival from diagnosis between women with low 
cyclin B1200 and high cyclin B1200 (56 and 47 months, respectively). 
However, there was no difference in time to BC death from distant me-
tastasis comparing patients with low cyclin B1 with those with high cy-
clin B1 (15 and 14 months, respectively). 

The two investigators examined the cyclin B1 stainings blindly and sepa-
rately for approximately 100, 200, 500, and 1000 cells and the kappa 
value was between 0.74-0.82. For both investigators, cyclin B1 was a 
significant prognostic factor (ORs > 2) in both uni- and multivariate 
analyses (adjusted for tumor size, age, and endocrine therapy), independ-
ent of the way of counting. 
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Table 5. Univariate and multivariate analysis of prognostic factors. 
 
                                    Univariate analysis        Models adjusted for age  

                                                                          and tumor size 
                                             N=380                                           N=380 

                                   (190 cases/190 controls)       (190 cases/190 controls) 
 Reference OR 95% CI OR 95% CI 
Tumor size ≤20 2.3 1,4-3.5   
Age at diagnosis      
<50 50-69 0.7 0.5-1.9   
≥70 50-69 2.2 1.3-3.5   
ER >10 2.6 1.6-4.2 2.5 1.5-4.3 
PgR >10 2.5 1.6-3.8 2.3 1.5-3.6 
Grade I-II 3.1 1.8-5.1 3.9 2.2-7.0 
Mitotic count I-II 2.5 1.5-4.2 3.1 1.7-5.6 
Tubuli I-II 3.2 1.9-5.6 3.3 1.9-5.9 
Nuclear atypia I-II 2.5 1.5-4.0 2.8 1.6-4.8 
Ki67  ≤22 1.7 1.1-2.7 1.6 1.0-2.5 
Cyclin A  ≤11 3.4 2.1-5.5 3.4 2.1-5.7 
HER2 Negative 1.0 0.4-2.3 0.9 0.4-2.2 
Endocrine treatment No endocrine 

treatment 
0.8 0.5-1.3 0.5 0.3-0.9 

Cyclin B1100 ≤8 3.0 1.9-4.8 2.8 1.7-4.8 
Cyclin B1200 ≤7 2.8 1.8-4.5 2.8 1.7-4.6 
Cyclin B1500 ≤7 2.5 1.5-4.0 2.4 1.4-4.0 
Cyclin B1tot ≤6 2.9 1.8-4.6 2.9 1.7-4.9 

 

Paper III 

Cyclins A and B, mitotic count and Ki67 demonstrated strong positive 
correlation with each other. Cyclin A showed an inverse correlation to 
PR. None of cyclins A and B1 demonstrated any correlation with ER. 
Cyclin D1 was correlated to ER, but did not correlate to the other cyclins, 
Ki67 or the mitotic count. 

The mean values of expression for cyclin A, cyclin B1 and Ki67 were the 
following: cyclin A, 10% (range 1– 42%); cyclin B1, 9% (range 0–29%); 
and Ki67, 16% (range 0–83%). The cut-off values for the 5th (median) 
and 7th decile were 9 and 12% for cyclin A, 8 and 11% for cyclin B1, 
and 14 and 21% for Ki67, respectively. The mitotic count ranged from 0 
to 51, with a median value of 11. The 7th decile cut-off for cyclin A 
(12%) corresponded well to the previously defined optimal cut-off in 
female BC (11%). When evaluating these cut-offs, overexpression of 
cyclin A showed a trend toward poorer BC survival (p-value 0.11 and 
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0.07, respectively). The prognostic impact was strengthened by using the 
cut-offs corresponding to the 8th (14%) and 9th decile (17%) with HR 
2.1, p-value = 0.05 and HR 3.7, p-value= 0.001, respectively. When the 
cut-off 15%, corresponding to the 9th decile was used, then, the overex-
pression of cyclin B1 was associated with an increased risk of BC death 
with a HR of 2.7, p-value= 0.02. Mitotic count >10 per field of view was 
predictive of poorer survival (HR 2.5,p-value 0.01), whereas no differ-
ence between tubuli 1-2 vs 3 or nuclear atypia 1-2 vs 3 could be demon-
strated (data not shown). The highest prognostic impact for cyclin D1 
was found when the cut-off (62%) corresponding to 3rd decile was used. 
However, in contrast to the other cyclins, overexpression of cyclin D1 
was predictive of better survival (HR 0.3 p=0.001). Cyclin D1 and nodal 
status remained independent prognostic factors in a multivariate model 
including nodal status, tumor size (HR for cyclin D1 0.48, p-value= 0.05) 

Sixty percent (n =119) of patients underwent adjuvant endocrine treat-
ment, and all but one (118 of 119) received tamoxifen. Endocrine therapy 
was administered more often in higher-stage disease: 79.5% in stage III, 
whereas only 46.9% in stage I. Cyclin D1 overexpression did not influ-
ence the response to endocrine treatment. An analysis of adjuvant endo-
crine treatment in patients with ER positive tumors adjusted for cyclin 
D1 did not result in any notable change in the HR for endocrine treat-
ment; 2.34 (95% CI, 1.02–5.37) vs 2.14 (95% CI, 0.88–5.19) in the unad-
justed and adjusted analyses, respectively. 

Paper IV 
Out of 380 tumors, results from 30 (8%) stainings were missing and 
therefore not included to the classification. According to Cheang’s classi-
fication, 122 patients (32%) were classified as luminal A, 119 (31%) 
luminal B, 13 (3%) luminal HER2, 18 (5%) HER2 enriched and 78 
(21%) triple negative. 

A statistically significant association was observed between BC death 
and BC subtypes defined by proliferation markers (Ki67, cyclin A and 
cyclin B1) using conditional logistic regression in a univariate model, see 
Table 6. Using the Ki6714% we found that luminal B was not significantly 
associated with poorer survival compared with luminal A (OR 1.4 95%CI 
0.8-2.6 p-value 0.24). However, using the Ki6720%, we found that patients 
with luminal B tumors showed poorer survival compared with those with 
luminal A tumors with OR 2.0 (95%CI 1.0-3.9 p-value 0.04). Cyclin B1 
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could also separate luminal B from A with an OR of 2.2 (95%CI 1.1-4.5 
p-value 0.03). Cyclin A could separate the luminal B from luminal A 
with OR for BC death of 3.6 (95%CI 1.8-7.0 p-value <0.001). See Table 
6 for overview. 

 
Table 6. Comparisons between luminal subtypes, using different proliferation 
markers. 

                                                       Luminal B vs luminal A 
 

Reference                           OR                                95 %CI                            P value 

Ki67 ≥14% 1.4 0.8-2.6 0.24 
Ki67 ≥ 20% 2.0 1.0-3.9 0.04* 

Cyclin A > 11% 3.6 1.8-7.0 <0.001* 
Cyclin B1 >7% 2.2 1.1-4.5 0.03* 

Significance level * ≤ 0,05 

Paper V 

PPH3 was strongly correlated to mitotic count, cyclin A, Ki67 and histo-
logical grade when all patients were examined while the PPH3 index was 
strongly correlated only to mitotic count in the ER-positive patients. 
PPH3 evaluated both as percentage and as positive cells in 10 FOVs had 
a prognostic value for BC death with OR around 2 and 3. PPH3 index is a 
more accurate and time-saving method, see Table 7. When all patients 
were examined a statistically significant association was observed be-
tween the expression of PPH3 index and BC death, using conditional 
logistic regression in a univariate model (OR 2.6 95%CI 1.6-4.5 p-value 
<0.001) and, in a model adjusted for age and size (OR 2.2 95%CI 1.2-3.9 
p-value 0.01). We stratified the analysis for patients with ER-positive 
disease and found that a high PPH3 was associated with BC death in a 
univariate model using unconditional logistic analysis (OR 2.9 95%CI 
1.6-5.2 p-value <0.001), see table 8. Conditional regression analysis did 
not change the result (OR 4.2 95% CI 1.7-10.2 p-value <0.002). In the 
multivariate analyses with unconditional and conditional regression cy-
clin A was the only independent prognostic factor for BC death in ER-
positive patients with an OR 3.6 (95% CI 1.6-8.1 p-value 0.002) for the 
unconditional and 4.2 (95% CI 1.1-16.2 p-value 0.004) for the condition-
al analyses. 
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Table 7. Conditional logistic regression analysis. Univariate and multivariate 
analysis of PPH3 in 190 cases/190 controls. 
 
 

Significance level * ≤ 0,05 
 
 
Table 8. Unconditional logistic regression analysis for the ER-positive patients. 
Univariate and multivariate model. 
 

 
 

Univariate analysis Multivariate analysis 

 OR 95% CI p-value OR 95% CI p-value 
	   	   	   	   	   	   	  
  Low High   Low High  

Age 
<70 
≥ 70 

 
1 

2.3 

 
 

1.3 

 
 

3.9 

 
 

0.002* 

 
1 

3.0 

 
 

1.5 

 
 

5.9 

 
 

0.001* 
Tumor size 
≤ 20 mm 
>20 mm 

 
1 

1.9 

 
 

1.1 

 
 

3.5 

 
 

0.031* 

 
 

1.3 

 
 

0.6 

 
 

1.9 

 
 

0.448 
Histologic grade 

I-II 
III 

 
1 

3.4 

 
 

1.7 

 
 

6.8 

 
 

0.001* 

 
1 

1.5 

 
 

0.5 

 
 

4.1 

 
 

0.438 
PgR 

Positive (> 10%) 
Negative (≤ 10%) 

 
1 

2.0 

 
 

1.3 

 
 

3.3 

 
 

0.008* 

 
1 

2.8 

 
 

1.4 

 
 

5.8 

 
 

0.005* 
HER2 

Positive 
Negative 

 
1 

1.7 

 
 

0.4 

 
 

6.6 

 
 

0.465 

    

Adjuvant endocrine 
therapy 

Yes 
No 

 
 

1 
1.0 

 
 
 

0.6 

 
 
 

1.6 

 
 
 

0.898 

 
 

1 
0.8 

 
 
 

0.4 

 
 
 

1.6 

 
 
 

0.562 
Ki67 
≤ 22 
>22 

 
1 

1.6 

 
 

0.9 

 
 

2.9 

 
 

0.093 

 
1 

1.9 

 
 

0.8 

 
 

4.5 

 
 

0.128 
Cyclin A 

<11 
≥11 

 
1 

3.8 

 
 

2.2 

 
 

6.6 

 
 

<0.001* 

 
1 

3.6 

 
 

1.6 

 
 

8.1 

 
 

0.002* 
Cyclin B 

<7 
≥ 7 

 
1 

2.9 

 
 

1.7 

 
 

4.9 

 
 

<0.001* 

 
1 

1.8 

 
 

0.8 

 
 

4.0 

 
 

0.139 
PPH3 index 

<8 
≥8 

 
1 

2.9 

 
 

1.6 

 
 

5.2 

 
 

<0.001* 

 
1 

1.5 

 
 

0.7 

 
 

3.2 

 
 

0.359 
Significance level * ≤ 0,05 

 
 

Univariate analysis                        Models adjusted for age and tumor size 

                    Cut-off             OR             95%CI         p value              OR               95%CI        p value 

PPH3200 ≤1% 1.9 1.2-3.1 0.009* 2.0 1.2-3.3 0.01* 

PPH3500 ≤1% 2.4 1.4-4.1 <0.001* 2.1 1.2-3.9 0.02* 

PPH3 
index 

≤8 2.6 1.6-4.5 <0.001* 2.2 1.2-3.9 0.01* 
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Low levels of cyclin B1total were seen in 22 of 24 women in the control 
group and high levels in 11 of 17 women in the case group resulting to an 
overall accuracy of 80% (33/41). In a previous study, the accuracy of 
correctly predicting metastases using gene signatures varied from 48-
75%. The authors also tested their 32-gene profile (HUMAC32), which 
was previously developed from this data set and found that their accuracy 
was 78% [141]. Interestingly the simultaneously evaluation of many 
genes resulted to a slightly lower accuracy compared with the accuracy 
achieved using cyclin B1, an IHC assessed single marker. 
 
In previous papers the prognostic capacity of cyclin B1 was based on the 
cyclin B1 total, while Suzuki et al claimed that only cyclin B1 nuclear is of 
prognostic significance [125-127].  We evaluated cyclin B1 and found 
that both nuclear and total (nuclear and/or cytoplasmic) staining of Cy-
clin B1 could separate patients with a poor outcome from those with a 
good outcome. However, the difference between the two groups was 
greater using cyclin B1 total than cyclin B1 nuclear (12-5% and 2-0.5%, re-
spectively), making cyclin B1 nuclear impractical in the clinical setting. It is 
also of importance to mention that the counting of nuclear reactivity was 
difficult in the presence of cytoplasmic staining as the cytoplasm often 
overlapped the nucleus making the evaluation uncertain. Moreover, the 
accuracy of correctly identifying patients dying of BC and survivors was 
higher using cyclin B1 total than cyclin B1 nuclear, 80% and 66%, respective-
ly. 
The promising results from paper I on the prognostic value of the prolif-
eration marker cyclin B1 and the need to evaluate them in a larger sample 
size motivated further studies and led to Paper II. In concordance with 
our results from Paper I, cyclin B1 total was evaluated. Prior to the pa-
tients’ enrolment in the study a power calculation was also performed. To 
achieve statistical power a case-control design was chosen. Assuming a 
power of 80%, alpha of 0.05, a prevalence 0.3-0.5 and OR=2,5 enrolment 
required 125-150 patients in each group. In our study a total of 190 cases 
and 190 controls were identified, none of which had received adjuvant 
chemotherapy, resulting in an increased power (90%). To measure the 
prognostic value of cyclin B1, we selected patients without lymph nodes 
metastases and not treated with chemotherapy, which is known to dimin-
ish the prognostic impact of proliferation markers [142, 143]. A complete 
analysis of all cohorts’ members is often impossible but by using inci-
dence density sampling the loss in power was limited. Established prog-
nostic factors such as tumor size, age, hormone receptors and histological 



 55 

grade proved to be prognostic factors in our material with an OR of 2-3 
in univariate analyses [84, 144]. These results are in line with several 
studies in this field. However, in our study HER2 did not turn out to be a 
prognostic factor, probably due to few patients with an overexpression of 
HER2 (10% in cases and 7% in controls) and consequently low statistical 
power. 

Regarding the evaluation of immunoreactivity scores, we found that ORs 
remained constant at 2-3 independently of the number of cells counted 
and suggest that counting 200 tumor cells is sufficient to obtain a stable 
OR and, at the same time, is a less time-consuming method.  

The prognostic importance of cyclin B1 was strong and other investiga-
tors have previously obtained similar results [125, 127] although we 
could not perform a direct comparison since the cohort material and the 
staining methods differed. Suzuki et al demonstrated that only nuclear 
and not cytoplasmic cyclin B1 was significantly associated with a poorer 
outcome. Their material included both women with lymph-node-negative 
and positive disease and the majority was treated with adjuvant chemo-
therapy. The cut-off value was set at 10%. Rudolph et al and Kuhling et 
al included in their material women without lymph node metastases, not 
treated with adjuvant chemotherapy and diagnosed with BC before the 
introduction of mammographic screening. They used the median value as 
cut-off [125, 126]. In another study, Aaltonen et al found that cyclin B1 
is a prognostic factor for BC death but their material did not comprise 
patients with sporadic cancer [128].  

In paper II, we found that, within the case group there was a difference in 
time from the primary diagnosis to the occurrence of distant recurrence 
or death in BC, when comparing patients with low and high cyclin B1 
content. These findings are in line with other studies showing that the 
recurrence of BC is faster in highly rather than slowly proliferating tu-
mors [145-147]. Today, an association between high proliferation and 
early recurrence is reported in all BC subtypes [146]. Aleskandarany et al 
have reported that the proliferation assessment using Ki67 and MAI 
could predict BC death in the luminal subtype but failed to detect differ-
ences in survival in triple negative and HER2-enriched [148]. These sub-
types have high proliferation, which limits the ability of proliferation 
factors to detect clinically different subgroups.  The time between the 
occurrence of distant recurrence and the time of death in BC did not dif-
fer when comparing low and high cyclin B1. The palliative chemothera-



 56 

py given in recurrent BC is more effective in highly proliferating tumors 
and that could be a possible explanation for this finding [149]. This is 
also supported from studies in the neoadjuvant setting.  

In paper III we found that overexpressions of cyclin A and cyclin B1 
could predict poorer BC survival in male BC. The poorer outcome for 
cyclin A and B1 overexpression was found when the cut-offs correspond-
ing to the subset of tumors with the highest overexpression were used. 
Furthermore, we could show that a high mitotic count was associated 
with an increased risk of BC death. Some previous studies have also 
demonstrated similar results, while others have reported contradictory 
results [46, 50, 150].  Ki67 was re-evaluated and different cut-offs were 
used, but we could not detect any prognostic value in this cohort.  In ac-
cordance with our results in female BC, shown in paper II, IV and V, 
Ki67 seems to be a weaker prognostic factor than cyclin A and B1. At 
this point we should mention that a number of patients had been treated 
with adjuvant and/or palliative chemotherapy treatment which can dimin-
ish the prognostic impact of proliferation markers [143]. Contrary to oth-
er cyclins, the overexpression of cyclin D1 was an independent predictor 
of a better BC survival. Cyclin D1 did not correlate to the other cyclins, 
Ki67 or mitotic count in our material, suggesting that cyclin D1 is in-
volved in tumor biological processes other than proliferation. This is in 
accordance with the reports in female BC showing that an overexpression 
of cyclin D1 at the protein level does not correlate to the other cyclins 
and is more often seen in ER-positive and well-differentiated tumors 
[129]. In our study, we could demonstrate that cyclin D1 is predictive of 
better BC survival in male BC, which it has also been shown in previous 
studies in MBC [50, 151]. Although cyclin D1 participates through out 
the cell cycle in proliferation, its overexpression is associated with a bet-
ter outcome and this is something that is not fully understood. In female 
BC, high cyclin D1 has been associated with tamoxifen resistance[52]. 
One explanation could be that cyclin D1 has the ability to stimulate ERa 
in a ligand-independent manner acting as co-activator and cooperating 
with other ER co-activators. Increased levels of co-activators can en-
hance tamoxifen’s agonist effect and thereby cause tamoxifen resistance 
[52, 120, 152]. This could be of great importance in MBC since tamoxi-
fen is the standard treatment for ER positive disease. However, adjusting 
for endocrine treatment did not change the prognostic value of cyclin D1, 
indicating that cyclin D1 does not influence the response to endocrine 
treatment in MBC. This could be explained by different ER signaling or 
reduced functionality of ER receptors supported by IHC and gene expres-
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sion profiling analyses [153, 154]. Cyclin D1 gene amplification has been 
reported in about 15-30% of the female BCs and is also correlated to 
tamoxifen resistance, even in the absence of protein overexpression 
[117]. Studies have also shown that mice lacking cyclin D1 did not de-
velop BC despite induced HER2 expression, indicating that presence of 
cyclin D1 was necessary for tumor growth in lesions expressing HER2 
[121]. Not surprisingly the optimal cut-offs for cyclin A and B1 in MBC 
were not the same as those for female BC since MBC is a unique BC 
entity different from female BC [49]. We conclude that proliferation is of 
great importance in MBC but molecular pathways and their cross- talking 
should be further investigated to help us understand the role of prolifera-
tion in MBC.  

It has been shown that genes linked to proliferation drive the perfor-
mance of gene arrays that are mostly applicable in the case of ER-
positive patients [70, 71, 155]. The limited availability of gene expres-
sion analysis has contributed to the development of surrogate markers to 
identify BC subgroups using IHC. The Ki67 is the proliferation factor 
recommended from international guidelines to identify luminal A and B 
subtypes. In Paper IV we used the IHC panel, suggested from the St 
Gallen guidelines, consisting of ER, PgR, HER2 to examine whether the 
Ki6714%, Ki6720% or the proliferation markers cyclin A and B1 could 
more clearly separate luminal A from B [75, 111, 112]. Although Ki67 is 
extensively studied, lack of standardization in staining and scoring re-
main a debatable issue while the poor to fair reproducibility limits its 
clinical utility [90, 91]. Cyclin A and B1, have been evaluated and prov-
en to be prognostic factors of BC death, and, in several studies with 
greater value than Ki67 with predominantly prognostic value ER-positive 
disease [122, 130]. Using Ki6714% we found that luminal B was not sig-
nificantly associated with poorer survival compared with luminal A, 
which is in line with previous studies [156, 157]. On the other hand, 
when evaluating the Ki6720% cyclin A and B1, we found that patients 
with luminal B tumors showed a poorer survival compared with those 
with luminal A tumors. Some previous studies have also reported that 
Ki6720% could define a high risk ER-positive population likely to benefit 
from adjuvant chemotherapy [143, 158-160]. However, cyclin A, showed 
an numerically higher odds ratio, indicating a stronger prognostic value 
than Ki67 and cyclin B1. This result is in line with other publications and 
paper V where cyclin A outperformed Ki67, cyclin B1 and PPH3 in mul-
tivariate analysis including all proliferation markers [122, 158].  
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In paper V we examined the prognostic role of PPH3 in the same materi-
al as in paper II but with a special focus on ER-positive patients. We 
found that PPH3 examined in all patients and evaluated both as percent-
age and as index had a prognostic value for BC death. However, the nu-
merical values of PPH3 200 and PPH3500 were low and thereby even a 
small number of incorrectly evaluated mitotic figures could negatively 
influence the grading.  Thus in concordance with other studies we rec-
ommend the counting of PPH3 index as a more accurate and time saving 
evaluation method [138, 158].  

The primary study was designed as a matched case-control study. In the 
present investigation, we included all ER-positive patients in an un-
matched analysis to gain more power to reveal differences. In line with 
another publication, we found that in ER-positive patients, the elevated 
PPH3 index was associated with BC death [158]. In paper V, we fur-
thermore compared the PPH3 index with the proliferation markers Ki67, 
cyclin A and B1 and found that the prognostic value of cyclin A was 
stronger, while cyclin B1 performed similar to the PPH3 index. As a 
further sensitivity analysis we used conditional logistic regression for 77 
out of 190 available ER-positive matched pairs and found that the PPH3 
index was a strong prognostic factor for BC death in the univariate anal-
yses but not in a multivariate model. Interestingly, cyclin A was the only 
proliferation factor that retained prognostic significance in the multivari-
ate model, thus outperforming the prognostic value of Ki67, cyclin B1, 
PPH3 and histological grade. 

Some previous studies have demonstrated that PPH3-positive mitotic 
figures and Oncotype DX were significantly correlated. The authors sug-
gested that PPH3 could provide similar information to the gene test 
[161]. However, it is reported that inflammatory cells or stromal cells 
especially when mitotically active can influence the test’s result while a 
pathologist does not take these cells into account when PPH3 and cyclins 
are evaluated. In paper V, histological grade could predict BC death with 
an odds ratio higher than that reported from other studies [144]. The good 
result may depend on the re-evaluation of grade by an experienced 
pathologist, a conclusion which is in line with reports from other studies 
when evaluation of histological grade is centrally assessed [162]. The 
contrast-rich PPH3 staining makes the evaluation less subjective and can 
be applied even in cases where tumor morphology is not perfectly pre-
served. Moreover, it facilitates the use of automated image analysis sys-
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tems; systems that are still under development but will be less time con-
suming and highly reproducible for the evaluation of IHC markers [137]. 

Taking all this into account a number of limitations concerning this thesis 
need to be addressed. In all papers, the IHC analysis of cyclins and pro-
liferation markers is evaluated on TMA. Hot-spots were chosen and a 
minimum of 200 cells per tumor and TMA were counted. The heteroge-
neity of tumors could in that case affect the results. Only a small tissue 
amount is analyzed and leads to the question of how representative the 
core is. On the other hand, the TMA technique enables the evaluation of 
a large number of tumors on a microscopic slide and a previous study has 
shown that TMA is as good as large sections in the scoring of cyclin A in 
BC [163]. In paper II, the reproducibility study should also include pre-
analytical and analytical methods and not only the IHC staining. In paper 
V the stratification for ER-positive patients was not preplanned and fur-
ther investigation and validation should be carried out for this subpopula-
tion. Using unconditional regression analysis we break the matching cod-
ing but we gain more power. The evaluation of PPH3 by two observers 
would have contributed to the validation of the reproducibility reported in 
other studies and thus improve the reliability of the data [164]. It should 
also be mentioned that women treated with endocrine therapy were in-
cluded in the study. However, endocrine therapy was not a statistically 
significant prognostic factor for BC death in the univariate and multivari-
ate analysis. 

Our interest lies in finding prognostic factors that many oncologists will 
have the ability to use in clinical practice. In paper I, we found that cyclin 
B1 as an easily assessable IHC proliferation marker that can be clinically 
useful to predict for BC death in a subgroup of low-malignant BC pa-
tients with high specificity. These results have then validated in a case-
control study with node-negative tumors, not treated with adjuvant 
chemotherapy as demonstrated in paper II. Cyclin B1 is a strong prognos-
tic factor for BC death both in female and MBC and has good reproduci-
bility. PPH3 is a prognostic factor for BC related death in node-negative 
BC patients. The prognostic value of PPH3, cyclin A and B1 remains in 
ER-positive patients, while Ki67 loses its value. However, cyclin A oper-
ates as the dominant proliferation factor to predict BC death, outperforms 
PPH3 and cyclin B1 in the ER-positive patients and may distinguish lu-
minal A from B BC. 
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Future perspectives 

The present thesis highlights the need of further investigation into distinct 
BC subtypes. Since the innovative publication of Perou and co-workers, 
it is accepted that BC can be divided into at least four subtypes with dif-
ferent phenotype and molecular profile [106, 110]. It is known that in 
ER-positive patients the proliferation genes and histologic grade can pre-
dict for BC death, while in HER2-positive patients the tumor invasion 
and immune response are associated with poorer outcomes. In the triple-
negative population, a high expression level of the immune response 
genes is associated with better outcome [165]. The triple negative BC is 
furthermore associated with BRCA1 mutation [166]. However, prognos-
tic and predictive markers based on proliferation genes have been devel-
oped for the ER-positive patients but not for ER-negative and HER2 en-
riched patients. 

A promising field of research would be the investigation of the the 
hypothesis that different factors and biologic pathways may be involved 
in determining prognosis and moreover, response, and resistance to 
therapy in different subgroups of BC. This should enable subdivision of 
previously large patients groups into smaller in order to better understand 
BC biology and personalize the treatment.  

In this thesis cyclins have been investigated as prognostic factors in BC, 
while recent studies focus on the inhibition of CDKs as potential thera-
peutic strategies. Studies in mice have shown that a small-molecule in-
hibitor of CDK4/6 inhibited the growth of HER2-positive tumors and is 
currently investigated in clinical trials [121]. Palbociclib is a highly se-
lective inhibitor of CDK4/6 and combination with letrozole has shown 
promising clinical results in the ER-positive and metastatic 
BC[167][168]. 

Taken together, we expect future clinical trials to address the issue of BC 
heterogeneity by investigating relevant prognostic/predictive factors in 
different BC subtypes as well as developing new targeted drugs specific 
for the different BC groups. 
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Περίληψη  

 

Ο καρκίνος του µαστού είναι η πιο συχνή κακοήθεια στις γυναίκες και 
παγκοσµίως η πρώτη αίτια θανάτου από καρκίνο στις γυναίκες. Στην 
Ελλάδα περίπου 4.500 γυναίκες διαγιγνώσκονται µε καρκίνο του µαστού 
ετησίως, ενω 1 στις 12 Ελληνίδες αναµένεται να νοσήσει από καρκίνο 
του µαστού κάποια στιγµή στη ζωή της ενώ παρατηρείται ανοδική τάση 
αυτού του ποσοστού. Η θεραπεία του καρκίνου του µαστού µπορεί να 
αποτελείται απο ένα ή συνδυασµούς των παρακάτω βηµάτων ανάλογα µε 
την παρουσία ή απουσία διαφόρων κλινικοπαθολογικών παραγόντων:  
χειρουργική αφαίρεση τµήµατος ή ολόκληρου του µαστού, 
ακτινοθεραπεία, ενδοκρινική θεραπεία, χηµειοθεραπεία και αγωγή µε 
αντισώµατα. Στο σηµείο αυτό αξίζει να σηµειωθεί ότι στην πλειοψηφία 
τους οι γυναίκες µε λεµφαδενικές µεταστάσεις θα πάρουν 
χηµειοθεραπεία. Οι γυναίκες χωρίς λεµφαδενικές µεταστάσεις 
αναµένεται σε ποσοστό 80-90% να είναι ζωντανές και χωρίς υποτροπή 
10 χρόνια µετά την χειρουργική αφαίρεση του όγκου. Ωστόσο οι 
υπόλοιπες διατρέχουν τον κίνδυνο  υποτροπής και θανάτου κι είναι αυτές 
που πρέπει να αναγνωρίσουµε για να τους χορηγήσουµε 
συµπληρωµατική χηµειοθεραπεία µετά το χειρουργείο.  

Προγνωστικοί παράγοντες µπορούν ανεξάρτητα από τη θεραπεία να 
προβλέψουν το κλινικό αποτέλεσµα, τον κίνδυνο υποτροπής και θανάτου 
από καρκίνο του µαστού. Εδραιωµένοι προγνωστικοί παράγοντες είναι 
το µέγεθος του όγκου, ο βαθµός κακοήθειας, ο αριθµός διηθηµένων 
λεµαφαδένων, η κατάσταση των ορµονικών υποδοχέων για τα 
οιστρογόνα (ER) και την προγεστερόνη (PgR) καθώς και η έκφραση του 
ογκογονιδίου HER2. O κυτταρικός πολλαπλασιασµός είναι επίσης 
παράγοντας πρόγνωσης αλλά έχει κυρίως αξία στην υποοµάδα των 
όγκων που είναι θετικοί για ορµονικούς υποδοχείς.  

Ο κυτταρικός πολλαπλασιασµός είναι µια φυσιολογική διαδικασία της 
κυτταρικής ανάπτυξης. Ο ανεξέλεγκτος κυτταρικός πολλαπλασιασµός 
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είναι χαρακτηριστικό γνώρισµα του καρκίνου και η αξία του στην 
πρόγνωση του καρκίνου του µαστού έχει αναφερθεί σε πολλές µελέτες. 
Ο δείκτης κυτταρικού πολλαπλασιασµού Ki67 έχει µελετηθεί 
περισσότερο από κάθε άλλον και η υπερέκφραση του σχετίζεται µε κακή 
πρόγνωση.  

Σύµπλοκα αποτελούµενα από κυκλίνες και κυκλινο-εξαρτώµενες κινάσες 
έχουν κυρίαρχο ρολο στη ρύθµιση του κυτταρικού κύκλου. Η κυκλίνη Α 
είναι σηµαντική στη φάση S όπου γίνεται η σύνθεση του DNA και 
απαραίτητη για τη µετάβαση στην φάση της µίτωσης, όπου το κύτταρο 
διαιρείται σε δυο οµοια κύτταρα. Η κυκλίνη Β1 φτάνει στο υψηλότερο 
επίπεδο της στη φάση της µίτωσης όπου και διαδραµατίζει σηµαντικό 
ρόλο. Η κυκλίνη D1 είναι παρούσα στη φάση όπου το κύτταρο 
προετοιµάζεται για τη σύνθεση του DNA και σηµαντική για τη µετάβαση 
στη φάση της µίτωσης. Προηγούµενες µελέτες στον πρώιµο καρκίνο του 
µαστού έχουν δείξει ότι η υπερέκφραση της κυκλίνης Α και Β1 
σχετίζεται µε κακή πρόγνωση, ενώ η υπερέκφρασης της κυκλίνης D 
σχετίζεται µε καλή πρόγνωση. Επιπλέον φωσφορυλίωση της πυρηνικής 
πρωτεΐνης Ιστόνη Η3 (PPH3) είναι απαραίτητη για τη συσπείρωση των 
χρωµοσωµάτων στη διάρκεια της µίτωσης και προηγούµενες µελέτες 
έχουν δήξει ότι η PPH3 έχει ισχυρή προγνωστική αξία στο µη 
µεταστατικό καρκίνο του µαστού.  

Την τελευταία δεκαετία οι γονιδιακές αναλύσεις έχουν δείξει  την 
παρουσία τουλάχιστον τέσσερις κατηγορίες καρκίνου του µαστού µε 
διαφορετική πρόγνωση η κάθε µία. Οι κατηγορίες είναι η luminal A, 
luminal B, HER2 enriched και Basal like. Οι κατηγορίες  luminal A και 
B χαρακτηρίζονται από έκφραση των γονιδίων σχετικούς µε τους 
ορµονικούς υποδοχείς. Το κύριο διαχωριστικό σηµείο µεταξύ luminal A 
και luminal B είναι γονίδια που καθορίζουν τον κυτταρικό 
πολλαπλασιασµό. Χαµηλός ρυθµός κυτταρικού πολλαπλασιασµού και 
καλή πρόγνωση χαρακτηρίζουν την luminal A καθιστώντας δυνατή τη 
µετεγχειρητική θεραπεία µόνο µε ενδοκρινική αγωγή, ενώ η luminal B 
έχει υψηλό ρυθµό κυτταρικού πολλαπλασιασµού και κακή πρόγνωση, 
καθιστώντας απαραίτητο το συνδυασµό ενδοκρινικής αγωγής µε 
χηµειοθεραπεία. Ωστόσο εξαιτίας οικονοµικών κυρίως παραγόντων οι 
γονιδιακές αναλύσεις δεν είναι διαθέσιµες σε πολλές χώρες και 
αναπληρωµατικές πλατφόρµες µε ανοσοιστοχηµικούς παράγοντες 
επιχειρούν το διαχωρισµό του καρκίνου του µαστού µε παρόµοιο των 
γονιδιακών αναλύσεων τρόπο. Οι κατευθυντήριες γραµµές για τη 
θεραπεία του καρκίνου του µαστού όπως αυτές καθορίζονται από το 
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διεθνές συνεδριο στο St Gallen και το ESMO συµπεριέλαβαν το 2011 το 
δείκτη κυτταρικού πολλαπλασιασµού Ki67 για το διαχωρισµό των 
κατηγοριών luminal A και luminal B.  

Στην πρώτη εργασία ο στόχος µας ήταν να ερευνήσουµε αν η κυκλίνη 
Β1 έχει προγνωστική άξια στον µη µεταστατικό και χαµηλού κινδύνου 
καρκίνο του µαστού. Επιλέξαµε συνειδητά να µελετήσουµε γυναίκες που 
ανήκαν σε δυο ακραίες οµάδες. Συγκρίναµε γυναίκες που πέθαναν νωρίς 
εξαιτίας του καρκίνου του µαστού (17) και γυναίκες χωρίς υποτροπή 
οκτώ χρόνια µετά την αρχική διάγνωση (24). Όλες οι γυναίκες 
προέρχονταν απο την περιοχή Ουψάλα/Ορεµπρού της Σουηδίας και 
είχαν διαγνωσθεί µε καρκίνο του µαστού απο το 1993/2001. Όλοι οι 
ασθενείς είχαν όγκους µεγέθους ≤ 2εκ, χωρίς λεµφαδενικές µεταστάσεις, 
ιστολογικό βαθµό Ι/ΙΙ, χαµηλό κυτταρικό πολλαπλασιασµό (SPF) και 
ήταν θετικοί για υποδοχείς οιστρογόνων και προγεστερόνης. Σε καµιά 
ασθενή δεν ειχε χορηγηθεί χηµειοθεραπεία, αφού τα χαρακτηριστικα των 
όγκων τους ήταν ευνοΐκά και η πρόγνωση θεωρούνταν πολύ καλή. 
Χρησιµοποιήσαµε την ανοσοιστοχηµική µέθοδο και µε µικροσκόπιο 
εξετάσαµε τα δείγµατα ιστού. Το συµπέρασµα µας ήταν οτι τα υψηλά 
επίπεδα της κυκλινης Β1 σε όγκους ασθενών µε µη µεταστατικό καρκίνο 
του µαστού συσχετίζονταν µε χειρότερη έκβαση συγκριτικά µε ασθενείς 
που είχαν χαµηλά επίπεδα κυκλίνης Β1.  

Τα ενθαρρυντικά αποτελέσµατα της πρώτης εργασίας µας οδήγησαν στη 
δεύτερη όπου χρησιµοποιήσαµε µια µελέτη ασθενών-µαρτύρων (case-
control) αποτελούµενη από 190 γυναίκες που πέθαναν από καρκίνο του 
µαστού και ορίστηκαν ως ασθενεις και 190 γυναίκες που ζούσαν κατά το 
χρόνο θανάτου του αντίστοιχου ασθενή και ορίστηκαν ως µάρτυρες. Τα 
κριτήρια ένταξης ήταν, µέγεθος του όγκου ≤ 50 mm χωρίς λεµφαδενικές 
µεταστάσεις, και οχι επικουρική χηµειοθεραπεία. Δύο ανεξαρτητοι 
ερευνητές αξιολόγησαν τη χρώση της κυκλίνης Β1 καταµετρώντας 100 , 
200 , 500 και 1000 κύτταρα από κάθε όγκο. Τα αποτελέσµατα έδειξαν 
οτι η υπερέκφραση της κυκλίνης Β1 σχετίζεται µε αυξηµενο κίνδυνο για  
θάνατο από καρκίνο του µαστού. Η συµφωνία µεταξύ των δύο 
ερευνητων ήταν καλή έως πολύ καλή , ανεξάρτητα από τον αριθµό των 
κυττάρων που µετρήθηκαν. Από αυτή τη µελέτη καταλήξαµε στο 
συµπέρασµα ότι η κυκλίνη Β1 είναι ένας αρνητικός παράγοντας 
πρόγνωσης στον καρκίνο του µαστού. Γυναίκες µε υψηλά επίπεδα 
κυκλίνης Β1 στους όγκους τους διατρέχουν περίπου 2-3 φορές 
µεγαλύτερο κίνδυνο για θάνατο από καρκίνο του µαστού σε σχέση µε 
ασθενείς που είχαν χαµηλά επίπεδα.  
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Ο σκοπός της τρίτης εργασίας ήταν η µελέτη του κυτταρικου 
πολλαπλασιασµού σε άνδρες µε καρκίνο του µαστού. Ο καρκίνος του 
µαστού στους άνδρες είναι πολύ σπάνιος αλλά µελέτες έχουν δείξει ότι 
διαφέρει από τον καρκίνο του µαστού στις γυναίκες. Οι κυκλίνες Α, Β1, 
D1 και ο δείκτης µίτωσης µελετήθηκαν. Συνολικά 197 άνδρες µε 
καρκίνου του µαστού από δυο επαρχίες της Σουηδίας, µε προσβάσιµο 
υλικό και κλινικά δεδοµένα ερευνήθηκαν. Οι ασθενείς µε υψηλή 
έκφραση της κυκλίνης Α και Β1 είχαν φτωχότερη επιβίωση . Επιπλέον , 
η υψηλός δείκτης µίτωσης συσχετίστηκε µε αυξηµένο κίνδυνο θανάτου 
από καρκίνο του µαστού. Αντίθετα η υπερέκφραση της κυκλίνης D1 
ήταν θετικός παράγοντας πρόγνωσης και συσχετιζόταν µε καλύτερη 
επιβίωση. Συµπερασµατικά , τα υψηλά επίπεδα της κυκλίνης Α και Β1 
και ο δείκτης µίτωσης συσχετισθηκαν µε 2-3 φορές υψηλότερο κίνδυνο 
για θάνατο από καρκίνο του µαστού. Αντίθετα η υπερέκφραση της  
κυκλίνης D1 µείωνε τον κίνδυνο.  

Ο κυτταρικός πολλαπλασιασµός έχει προγνωστική αξία και κατευθύνει 
τις θεραπευτικές επιλογές ειδικά στους ασθενείς µε θετικούς υποδοχείς 
οιστρογόνου, δηλαδή τις κατηγορίες luminal Α και Β. Το 2011 οι οδηγίες 
που στοιχειοθετήθηκαν απο διεθνή συνέδρια, ESMO και St Gallen, 
πρότειναν τη χρήση ανοσοιστοχηµικών δεικτων ER, PgR, HER2 και 
Κί67 cut-off 14% (Ki6714%) για τον διαχωρισµό της κατηγορίας luminal 
Α από τη Β. Η τιµή  cut-off αντιπροσωπεύει το ποσοστό των κυττάρων 
που είναι θετικά για την πρωτεΐνη Ki67 και που µπορεί να διαχωρίσει 
τους όγκους µε υψηλό ή χαµηλό κυτταρικό πολλαπλασιασµό. Σκοπός 
της τέταρτης εργασίας ήταν να αξιολογήσουµε αν κάποια απο τις 
προτεινόµενες τιµές cut-off για την πρωτεΐνη Ki67, η κυκλίνη Α ή η Β1 
θα µπορούσε πιο αξιόπιστα να διαχωρίσει την κατηγορια luminal Α απο 
τη Β. Στη µελέτη µας, η Ki6714% απέτυχε να ανιχνεύσει οποιαδήποτε 
διαφορά στην έκβαση µεταξύ των κατηγοριών luminal Α και Β. 
Αντίθετα, µε τη χρήση της κυκλίνης Α η κατηγορια luminal Β βρέθηκε 
να έχει σχεδόν 3,5 φορές υψηλότερο κίνδυνο θανάτου από καρκίνο του 
µαστού. Η κυκλίνη Β1 και η Ki6720%, µπορούσαν, επίσης, να 
διαχωρίσουν αυτές τις κατηγορίες, αλλά η κυκλίνη Α ήταν πιο 
αποτελεσµατική κι ακριβής. Έτσι καταλήξαµε στο συµπέρασµα ότι η 
κυκλίνη Α ευδιάκριτα διαχωρίζει τη κατηγορία luminal Α που έχει καλη 
πρόγνωση από τη Β που έχει κακή πρόγνωση. 

Πρόσφατες µελέτες στον καρκίνο του µαστού υποδεικνύουν ότι η 
φωσφορυλιωµένη ιστόνη 3 (PPH3) µπορεί να ειναι επίσης παράγοντας 
πρόγνωσης για το θανάτο από καρκίνο του µαστού. Στόχος µας ήταν να 
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εξετάσoυµε την προγνωστική αξία της PPH3 συγκριτικά και µε αλλους 
γνωστους δείκτες πολλαπλασιασµού οπως Ki67, κυκλίνη Α και Β1 στο 
ίδιο υλικο ασθενων που χρησιµοποιήσαµε στη δεύτερη και τέταρτη 
εργασία αλλά µε ιδιαίτερη έµφαση στους ασθενείς µε θετικους 
ορµονικούς υποδοχείς (ER), δηλαδή τις κατηγορίες luminal Α και Β. Η 
PPH3 έδειξε να είναι αρνητικός προγνωστικός παράγοντας για το θάνατο 
από καρκίνο του µαστού. Στους ER θετικούς ασθενείς η PPH3 καθώς και 
η κυκλίνη Α και Β 1, αλλά οχι η Κί67 µπορούσε να προβλέψει το θανάτο 
από καρκίνο του µαστού. Ωστόσο, στην πολυπαραγοντική ανάλυση των 
δεικτών πολλαπλασιασµού, µόνο η κυκλίνη Α παράµεινε ανεξαρτητος 
και ισχυρός παράγοντας πρόγνωσης. 
Το συµπέρασµά µας είναι ότι ο κυτταρικός πολλαπλασιασµός έχει 
µεγάλη σηµασία στον καρκίνο του µαστού τόσο στις γυναίκες όσο και 
στους άντρες. Η ιατρική κοινότητα θα πρέπει να καταβάλει προσπάθειες 
για την ακριβή συµφωνία και υψηλή επαναληψιµότητα στην αξιολόγηση 
της τρέχουσων και νέων IHC διαγνωστικών δείκτων ώστε τα 
αποτελεσµάτα να ειναι συγκρίσιµα και να επιτυγχάνεται συµφωνία στην 
επιλογή της θεραπείας. Τα αποτελέσµατα των µελετών µας δείχνουν οτι 
η κυκλίνη Β1 και η µπορούν να συνεισφέρουν στο διαχωρισµοό ασθενών 
µε υψηλού κινδύνου καρκίνο του µαστού, ωστόσο η κυκλίνη Α 
αποδείχθηκε ακόµα πιο αποτελεσµατική και ειδικά στους ασθενείς µε 
θετικούς ορµονικούς υποδοχείς. Η χορήγηση  συµπληρωµατικής 
χηµειοθεραπείας σε αυτήν την καλής πρόγνωσης κατηγορία ασθενών 
είναι µια δύσκολη απόφαση εξαιτίας της αδυναµίας µας να 
αναγνωρίσουµε τους ασθενείς υψηλού κινδύνου. Καταλήγουµε λοιπόν 
στο συµπεέρασµα ότι η χρήση των δεικτών κυτταρικού 
πολλαπλασιασµού  κυκλίνη Β1 και  PPH3 είναι µεγάλης σηµασίας στην 
αναγνώριση ασθενών µε πρώιµο καρκίνο του µαστού που διατρέχουν 
αυξηµένο κίνδυνο υποτροπής ή θανάτου. Ακόµη πιο ισχυρή είναι η 
προγνωστική δύναµη της κυκλίνης Α και ειδικά στους όγκους µε 
θετικούς ορµονικούς υποδοχείς. Η εφαρµογή της στην καθηµερινή 
διαγνωστική προσέγγιση του καρκίνου του µαστού µπορεί συνεισφέρει 
στην αναγνώριση ασθενών υψηλού κινδύνου στους οποίους η χορήγηση 
συµπληρωµατικής µετεγχειρητικής χηµειοθεραπείας θα έχει όφελος. 
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