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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 Bl 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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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 (7”’ 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.

Tl — <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).

NO — No regional lymph node metastases.

N1 — Metastasis to movable ipsilateral level I,
11 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

MO — 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
(Als). A BC mortality reduction of 26% after 611 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 > 5Scm 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 (Al) 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. Al
alone for five years is the treatment choice for women with > 4 positive
lymph nodes. The use of Al 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
BRCAZ2 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 retroarcolar 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].

20



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.

23



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 c¢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, ERa and ERB 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

HER?2 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
HER?2 gene is associated with aggressive tumor growth and poor progno-
sis[82]. On the other hand, HER?2 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 (GO0) [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,
MALI, 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].

26



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
(HTdR) 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 S5-bromodeoxyouridine
(BrdU) allows the measurement of SPF with a better resolution than
*HTdR [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 Ila 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 CCNBI1, 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 PAMS50 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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Cell cycle

The cell cycle is a sequence of reproducible events leading to the growth
and development of all eukaryotic cells. DNA replication occurs in the S-
phase and mitosis in the M phase. These events are contemporarily sepa-
rated by two gaps known as G1, where the cells prepare for DNA synthe-
sis and G2, where the cells grow before entering mitosis. During mitosis,
the duplicated chromosomes condense and join into fibers that pull sister
chromatids to opposite poles of the cell. Non-dividing cells remain in GO
or the quiescent phase. See Figure 1 for overview.

Cyclin B-cdk1

Cyclin A-

cdk1 cdk4/6

Cyclin A-

cdk?2 .
Cyclin E-cdk2

Cyclin D-

Figure 1. The cell cycle.
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Complexes consisting of cyclins and the dependent kinases (CDK) ac-
complish the progress into the different steps of the cell cycle. Cyclins
were discovered in the early 1980s and were so named because of the
cyclical changes in their concentrations during the cell cycle. The cyclin-
CDK units activate different target proteins via phosphorylation. There
are many families of cyclins but the main groups are two: G1/S phase
cyclins including cyclin A, D and E and G2/M cyclins including cyclin
B.

The progression from one phase into the next is controlled by mecha-
nisms called cell cycle checkpoints. Their role is to ensure that processes
at each phase of the cell cycle have been accurately completed before
progression to the next phase. The presence of DNA damage leads to the
arrest of the cell cycle, mediated by P53, retinoblastoma protein (RB) and
cyclin dependent kinase inhibitors (CDKI). There are three checkpoints:
the G1 or restriction, the G2 and the mitotic spindle checkpoint.

§
£
=]
o
G, Phase 5 Phase G, Phase Mitosis

Figure 2. Expression of cyclins through the cell cycle. (en.wikipedia.org)

The first cyclin produced in the cell cycle and answering to growth sig-
nals is cyclin D. There are at least three different cyclin D of which cy-
clin D1 has been most thoroughly investigated. Cyclin D1 controls the
G1 to S phase transition and promotes cell progression. Cyclin D1 acti-
vates the CDK 4/6 causing hyperphosphorylation and inactivation of the
retinoblastoma protein (RB). The RB disassociates from the E2F/DP/RB
complex thus activating the E2F gene resulting in transcription of genes
such as cyclin A and E. The stabilization of the cyclin D1-CDK4/6 com-
plexes depends on the interaction with the CDKIs, p21/27 [115]. There
are two families of CDKIs: INK4 and CIP/KIP [115]. Cyclin D1 under-
goes ubiquitination-mediated degradation during early S-phase. In BC
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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-CDKI1 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 Bl
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 Bl 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/HS5, 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 |

Patients from a defined cohort of women diagnosed with BC in the Upp-
sala-Orebro 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/Il 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-11

Low proliferation (S-phase)

ER- or/and PgR- positive receptors

No adjuvant chemotherapy

¢ | Exclusion criteria

No paraffin blocks
25 17 Controlateral breast cancer
Tumor size > 2cm

Controls 34 24 diagnosis

5
3
1
Distant metastasis or lymph node at 2
Non breast cancer death 1
Relapse or death of breast cancer 3
Diagnosis or death of concurrent cancer 3
18

Figure 3. Inclusion criteria and selection of 17 cases and 24 controls, patients
dying early and being alive 8 years after BC diagnosis.
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Papers 11, IV,V

The defined cohort of women with BC in the Uppsala-Orebro region
1993-2004 was studied and women with a tumor size < 50mm, no lymph
node metastases and no adjuvant chemotherapy were identified. Original-
ly 900 women fulfilled the above described inclusion criteria. In this
cohort, 240 women died of BC and were denoted as cases. For each case
one control was used and controls were women alive at the time of the
corresponding case’s death. Fifty cases and corresponding controls were
excluded because they did not fulfill the inclusion criteria or no paraffin
blocks were found when the medical records were reviewed (figure 4).

In paper II controls were selected by incidence density sampling, which
involves matching each case to a sample of those who were at risk at the
time of the case occurrence. All eligible women with an event were stud-
ied as cases and about 20% of the entire cohort was chosen as controls.
With this study design the loss in power in comparison with a complete
analysis of all cohort members was small. Having 190 cases yields a
power of 90% to detect an odds ratio of 2,5 on a statistical significance
level of 5%, assuming a prevalence of 30% cyclin B1 overexpression in
the cohort.

Inclusion criteria

Tumor size < 20mm

No lymph node metastases
No adjuvant chemotherapy

Y

900
Exclusion reason n
| New/ contralateral or 26
locally advanced BC
Controls Cases No paraffin blocks 12
660 240 No breast cancer death
: : ) Distant metastases at
190 190 diagnosis
Controls Cases Adjuvant chemotherapy
No breast surgery
50

Figure 4. Inclusion, exclusion criteria and selection of 190 cases who died of
breast cancer and 190 controls alive at the time of the corresponding case’s
death.
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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

naive.
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 18 (10) 13 7
FISH pos)
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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Paper 111

The National Breast Cancer Register in two regions of Sweden was used
to identify male patients with invasive BC diagnosed between 1990-
2007. The population covered was 1,96 million people in Uppsala-
Orebro region and 1,70 in the Lund region. Initially 131 patients in Upp-
sala-Orebro and 118 patients in Lund were identified. Paraffin tumor
blocks were missing in 18 cases from Uppsala-Orebro and 26 cases from
Lund region. Patients with in situ cancer (Uppsala-Orebro n=4, Lund
n=2) and cases with missing patients’ records (Uppsala-Orebro n=0,
Lund n=2) were excluded. 109 patients from Uppsala-Orebro and 88
patients from Lund with available paraffin-embedded tumor blocks, clin-
ic-pathological data and outcome data were included in the study. The
National Population Register was used for updated information on pa-
tients’ vital status and cause of death.

Uppsala-Orebro [ Lund
131 131 Exclusion criteria
= No paraffin tumor blocks
Cancer in situ
109 88 No patients charts

197

Figure 5. Male breast cancer patients from Uppsala-Orebro and Lund region
between 1990-200
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Table 4. Clinico-pathological characteristics.

Variable

Age (years)

n % Variable

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
Data missing 10

Grade

I (NHG 3-5) 15 8

1T (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 um 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;
Y 106; 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 I, 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
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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 7"
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.

41



¢ e 3
QEN e .~ W |

Picture 1. High (a) and low (b) staining of cyclin Bl (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 mm”.
The cut-off value was defined by the 7" 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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Picture 2. PPH3 staining (Lake-Placid) in breast cancer cells with 200x (a) and
400x (b) magnification.

Paper 111

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 |

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 (0=0.05; =0.20) or 21 patients (a=0.05;
B=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 11

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 THC 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 111

Correlations between variables were analyzed using Spearman’s correla-
tion test. The association between disease stage and treatment was tested
using x* 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 (Cls) 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 PPH3,4p, PPH3509, 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.
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Results

Paper |

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 (, was 12% (95%CI 8-16%) for cases and 5%
(95%CI 4-6%)for controls and cyclin B1 cjear 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 ;) was set at > 9% and high cyclin B1 y, could accu-
rately identify 11 of 17 patients with early death and low cyclin Bl
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 Bl ., was 80% (33/41) and
using cyclin Bl pyciear 65% (27/41).

Paper 11

For cases, the median cyclin Bl,op was 9% (range 0-48%), for cyclin
B1,00 8% (range 0-48%), for cyclin Blsg 8% (range 0-46%), and for cy-
clin Bl 7% (range 0-46%). The corresponding values for controls were
cyclin Blgy 5% (range 0-46%), for cyclin Blyy 5% (range 0-46%), for
cyclin Blsgy 4% (range 0-37), and for cyclin Bl 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 (1=0.25-0.27).
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A statistically significant association was observed between BC death
and expression of cyclin B1g, cyclin Bl,g, cyclin Blsg , cyclin Bly,,
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 Bly: 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
B1,g to high cyclin Bl,gy (43 and 33 months, respectively). There was
also a difference in survival from diagnosis between women with low
cyclin Blyg and high cyclin Blyy (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 Bl 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-11 3.1 1.8-5.1 3.9 2.2-7.0
Mitotic count I-11 2.5 1.5-4.2 3.1 1.7-5.6
Tubuli I-11 3.2 1.9-5.6 3.3 1.9-5.9
Nuclear atypia I-11 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 0.8 0.5-1.3 0.5 0.3-0.9
treatment

Cyclin By <8 3.0 1.9-4.8 2.8 1.7-4.8
Cyclin B,y <7 2.8 1.8-4.5 2.8 1.7-4.6
Cyclin Bls <7 2.5 1.5-4.0 2.4 1.4-4.0
Cyclin By <6 2.9 1.8-4.6 2.9 1.7-4.9
Paper 111

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 1. 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 Ki67,40, 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 Ki67,0s, 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 Bl
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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 %ClI 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% 22 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.

Univariate analysis Models adjusted for age and tumor size
Cut-off OR 95%CI1 p value OR 95%CI p value
PPH3;00 <1% 1.9 1.2-3.1 0.009* 2.0 1.2-3.3 0.01*
PPH3s00 <1% 2.4 1.4-4.1 <0.001* 2.1 1.2-3.9 0.02*
PPH3 <8 2.6 1.6-4.5 <0.001* 2.2 1.2-3.9 0.01*
index

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 1 1
>170 2.3 1.3 3.9 0.002* 3.0 1.5 5.9 0.001*
Tumor size
<20 mm 1
>20 mm 1.9 1.1 3.5 0.031* 1.3 0.6 1.9 0.448
Histologic grade
I-1I1 1 1
III 3.4 1.7 6.8 0.001* 1.5 0.5 4.1 0.438
PgR
Positive (> 10%) 1 1
Negative (< 10%) 2.0 1.3 3.3 0.008* 2.8 1.4 5.8 0.005*
HER2
Positive 1
Negative 1.7 0.4 6.6 0.465
Adjuvant endocrine
therapy
Yes 1 1
No 1.0 0.6 1.6 0.898 0.8 0.4 1.6 0.562
Ki67
<22 1 1
>22 1.6 0.9 2.9 0.093 1.9 0.8 4.5 0.128
Cyclin A
<11 1 1
>11 3.8 2.2 6.6 <0.001* 3.6 1.6 8.1 0.002*
Cyclin B
<7 1 1
>17 2.9 1.7 4.9 <0.001* 1.8 0.8 4.0 0.139
PPH3 index
<8 1 1
>8 2.9 1.6 5.2 <0.001* 1.5 0.7 3.2 0.359

Significance level * < 0,05
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Discussion and conclusion

In this thesis we present five papers aimed at increasing our understand-
ing of the role played by proliferation in the prognosis of BC by examin-
ing cyclin B1 and PPH3. The prognostic significance of cell proliferation
in BC has been extensively studied by various methods including deter-
mination of the MAI, SPF and immunohistochemistry for Ki67 [86].
Cyclins, on the other hand, have been examined in BC to a lesser extent.
In paper I the aim was to examine whether cyclin B1 could predict for
BC death in patients with early BC. A subgroup of node-negative, ER-
positive patients with stage I disease has en excellent prognosis with a
BC mortality of only 5% at ten years. This means that we should identify
these 5% of patients who have a poor prognosis and might have benefited
from adjuvant systemic treatment.

In paper I, we deliberately chose to investigate two extreme groups with
same favorable clinicopathological characteristics but with different out-
comes. In this study we have shown that assessing cyclin B1 expression
in tumors can help separate patients with a poor outcome from those with
a good outcome in a subgroup of patients with low-risk node-negative
BC, see figure 6.

Figure 6. Expression of cyclin Bl in low-risk node-negative breast cancer.
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Low levels of cyclin Bl 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 (,, while Suzuki et al claimed that only cyclin B1 s i 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 Bl 1 than cyclin B1 ,ycear (12-5% and 2-0.5%, re-
spectively), making cyclin B1 e, 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 (, than cyclin B1 ycjear, 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 ., 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
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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
HER?2 (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-
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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 Bl
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
Ki67149%, Ki675p, 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 Ki67,4, 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 Ki67,¢, 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
Ki67,09, 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 Bl 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 ,o and PPH354 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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[TepiAnym

O kapkivog TOV LOCTOV &ival M WO cLYVN KOKONOEW OTIG YOVAIKES KoL
TOYKOOUI®MG M TPOTN aitie Bovatov amd kapkivo oTig yuvaikes. Ztnv
EMAGoa epimov 4.500 yuvaike daylyvdoKovTol Le KOPKIVO TOV HOGTOV
emoing, evo 1 otig 12 EAAnvideg avapévetal vo voonoel amd Kapkivo
TOV HOoTOV KAmolo oTtypn otn Lon TG eVed Tapatnpeital avodikn Taon
ovtob Tov TocootoV. H Oepameio Tov kapkivov Tov pooToL Umopel vo
amoteAdeitol amo Eva 1 GVVIVAGIOVE TOV TAPOKAT® PNUATOV avdAoya [
TNV TOPOVGIO N amOoVGio JPOPOV KAVIKOTAOOAOYIKDY TOPAYOVIMOV:
YEPOVPYIKN  apaipeon TUMHOTOE 1 OAOKANPOL  TOL  UOGTOD,
aktwvoBepamneia, gvdokpwvikn Bepameio, ynuelobepomeion Kol aymyn HE
avVTICOUOTO. XT0 onpeio avtd a&ilel va onueiwdei 6TL otV TAEOYNQia
TOUC Ol  yuvaikee pHe AEUQOOEVIKEG upeTtooTdcel Oo  mapouvv
wmueobeponeia. Ot yovaikeg yoplg ASUQAOEVIKEC LETACTOCELS
avapéveral og mocooto 80-90% va givarl Lovtavég kol ywpig vwotpomn
10 ypdévia petd Tnv yeWPoLPYIKN aaipeon tov Oykov. Qo6TOGO Ol
VIOAOUTEG SLATPEYOVV TOV KiVOUVO VTOTPOTNG Kot BavaTov Ki givat oTég
MOV  WPEMEL VO OVOYVOPIGOLUE Yl VO TOVG  YOPTYNOOLLE
GUUTANP®UATIKY yNHE0depOmeia LETA TO YEPOVPYETD.

[TpoyvooTtikol mapdyovieg pmopovv ave&aptnra omd tn Oepameio vo
TPOPAEYOLV TO KAMVIKO ATOTELEGLO, TOV KIVOUVO DTOTPOTNG Kot Oavatov
oamd KopKivo Tov paotov. Edpatouévol mpoyvootikoi mopdyovteg givol
0 péyebog tov OyKov, 0 Pabuog kakondelag, o aplOuUdg dNONUEVEOV
AELOQAOEVAOV, T KATACTAGCY TOV OPUOVIK®Y VTOJ0YEMY Yo  To
ototpoyova (ER) kat v mpoyeotepovn (PgR) kabdg kot 1 ékppoon tov
oykoyovidiov HER2. O «vttapikdg moAlomloacloopog ivor emiong
Tapayoviag mpdyvmong oAld £xel kvpiog afia otnv vroouddo TV
OYK®V oL €ival OETIKOL Y10L OPLLOVIKOVG VITOSOYELS.

O KVLTTOPIKOC TOALUTANGLOGHOG EIVAL L0 PUGLOAOYIKY OladIKAGIo TNG
KUTTOPIKNG avAmTuéng. O aveEEAeyKToG KUTTOPIKOS TOAAUTAUGLOGHOG
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glval yopaxKTnploTiKd yvdplope tov Kopkivov kot 1 a&le tov oty
TPOYVMGT] TOV KOPKIVOL TOL HaoToD €xel avopepOel oe mOAAEG LeAETEC.
O deikmng «kvttapwkod moAllamiactoopod Ki67  €yer  peletnOei
TEPLGGOTEPO AO KAODE AALOV Kol 1 VITEPEKPPOCT TOV GYETILETOL [IE KOKN
TPOYVWOOT.

ZOUTAOKO OATOTELOVUEVO OTTO KUKAVES KOl KUKAIVO-eE0pTMIEVES KIVAGEG
£€yovv Kupiopyo poro on PLOULIST TOV KLTTOPKOL KUKAOV. H kukAivny A
glval onuovtiky ot @don S o6mov yivetar M obvvBeon tov DNA kot
amapaitnTn Yo T HeTdfacn otV eacn g UiTtmwong, 0Tov To KOTTUPO
dwupeitar og dvo opota kuTTapa. H xukiivn Bl @tdvel oto vynAdtepo
EMMEDO TNG 0TN EAOM NG WTteong 6mov Kot dtadpapatifel onpovTiKo
poro. H wvxkAivn D1 sivar mapodoo otn @daon O6mov 10 KOTTAPO
npogTolndletal yio tn ovvheon tov DNA kot onpavtikn yio ) petdfoon
o1 edomn g pitwonc. IIponyovpeveg LEAETEC GTOV TPMIUO KOPKIVO TOV
pactod €xovv Ogifel 0Tl M vEepékepacn TS KukAivng A kor Bl
oyetiletor pe Kakn mpoOyvmon, eV 1 VIEPEKPPUONS TNG KuKAiviig D
oyetiletor pe KA Tpoyveon. EmmAéov poo@opuAimon g TupnviKng
npoteivig lotovn H3 (PPH3) eivar amapaitn yo T cvonsipoon tov
YPOUOCOUATOV TN SLOPKEW TNG MITOONG Kol TPONYOOUEVEG UEAETEG
&ovv et 6Tt m PPH3 éyer woyupn mpoyveotikn afic oto un
LETOGTOTIKO KOPKIVO TOL HOGTOV.

Tnv televtaio dekoeTion o1 YoviIdlkéG avaAvcelg éxovv oOgiel v
TOPOVGIO TOLAGYIGTOV TECOEPLS KOTNYOPieg KOPKIVOL TOL HOGTOV LE
dtopopetikn Tpoyvoon 1 kabe pio. Ot xotnyopieg eivar 1 luminal A,
luminal B, HER2 enriched kot Basal like. Ot katnyopieg luminal A kot
B yapaxtmpilovtalr omd Ekepoon TV Yovidiowv OYETIKOVG WHE TOVG
0pHoVIKoVG vodoyeic. To kbplo daympiotikd onueio peta&d luminal A
kot luminal B eivar yovidie wov kaBopilovv TOV  KLTTOPIKO
TOAMOTAAGIOG LS. XaUnAdg puOUdg KUTTAPIKOD TOAAUTAAGIAGIOD KOl
KaAn mpoyvoon yapoktnpifovv v luminal A xobictoOvrog dvvatn
peteyxelpnTikn Oepameio Lovo Le EVOOKPIVIKY aywyn, evd 1 luminal B
£xel LYNAO pLOUd KLTTOPIKOD TOAAUTAUCIOOUOD Kol KUK TPOYVOOT,
KOOOTOVTAG OmOPaiTNTO TO GLVOVACUO EVOOKPWIKNAG OY®YNG e
ymueobeponeia. Qotd6c0 €€outiog OKOVOUIKOV KUPIMG TOPAyOVI®OV Ol
YOVIOLOKEG avaAvcelg Oev  gival Olabéoiueg o€ TOAAEC YMPES Kot
OVOTANPOUATIKEG  TAATQOPUES UE  OVOGOICTOYNUIKOVC TOopayovVTeg
EMYEPOVV TO JUYWPIOUO TOV KOPKIVOL TOL HOGTOV WE TAPOUOL0 TOV
YOVIOLOK®V  avoAvcemy Tpomo. Ot Katevbuvthipleg yYpouUés Yoo
Oepameio Tov KopKivov TOL HACTOL OM®G avTéC Kabopilovtal omd TO
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debvég ovvedpro oto St Gallen kot to ESMO ovurepiérofav o 2011 10
dgiktn kvtTapikod moAhamhaciacpov Ki67 yio 1o doy@piopd Tov
Kkatnyopi®v luminal A kot luminal B.

2V TpAdTN €pyacio. 0 6TOYOG LOG NTAV VO EPEVVIICOVUE OV 1] KUKAIVN
B1 éyel mpoyvwotikh G&lo 6Tov Un PETAOTATIKO KO YOUNAOD KvdOVoy
Kapkivo Tov pootol. EmAégapie cuveldntd vo LEAETIGOVLLE YUVAIKEC TOV
OVAKOV GE OVO OKPOIES OLAdES. ZVYKPIVOUE YOVAIKES OV TEDUVAY VIpig
g€artiog Tov Kopkivov Tov poaotov (17) kol yuvaikeg ympic vwoTpomn
OKT® YpOvVid HETA TNV apylkn JSwdyvoon (24). Olec ot yuvvaikeg
wpoépyoviav omo v mepoy] Ovyaia/Opepmpod g Zovndiag Kot
glyav dwyvocbel pe kapkivo tov poactod omo to 1993/2001. Olot ot
aoBeveic eiyov 0ykovg peyéboug < 2ek, yopic AEUQOUOEVIKEG LETAOTACELS,
otoroywd Paduo I/II, yauniod kvttapikd moAiamiaciacud (SPF) kot
ntav Betikoi Yoo VTOSOYEIC OIGTPOYOVMV KOl TPOYEGTEPOVIG. XE KOLUA
acBevn dev erye yopnynOei ynueobepaneio, apod To YOPOKTNPIOTIKO TOV
OYK®V TOVG NTAV €UVOikd Kot 1 Tpoyvwon Bewpodviav TOAD KOAN.
XPpNOLOTOMCANE TNV OVOGOICTOYNIIKY HEBODO KOl LE HIKPOGKOTIO
g€etdoape to deiypata 1otov. To copmépacua pag NTov oTl To VYNAN
emimeda g KukAvng Bl og 6ykovg acbevdv e un PeETooTATIKO KOPKivo
TOV HooTOV GLoYETICOVTOV LE YEPOTEPT EKPOOT GLYKPITIKA LE 0oOeVEiC
7oV glyav yaunAd eninedo kukiivng B1.

Ta evBoppLVTIKG OTOTEAEGLATO TG TPAOTNG EPYOUCIOG LAG OONYNCOV OTN
dgvTEPN OTOV YPNCLUOTOGAUE [ HEAETT OoOEVOV-LOpTOpmV (case-
control) amotelodpevn and 190 yvvaikeg mov nébavav amd KapKivo Tov
Haotob kot opiotnrov g acbevelg kat 190 yovaikeg mov {ovcav Kotd To
¥PpOVo BovaTov Tov avtictolyov acbevn Kol opicTnKay g pudptopes. Ta
Kkprripa évraéng Nrav, péyedog Tov dykov < 50 mm ympic Aeppadevikég
LETOOTACELS, KOl OYl EMKOLPIKN ynueobepameia. Avo aveEaptnrol
gpeguvntég agloddynoay T ypoon g KukAivng Bl katapetpmvrog 100 ,
200 , 500 ka1 1000 kottapo ond kabe oyko. To amoteréouato £dei&av
0TL M VIEPEKPPaST TNG KVKAIvIG B1 oyetileton pe avénuevo kivévvo yio
Oavato amd kapkivo tov pootov. H ovpeovie petaéd tov dHo
EPELVNTOV NTAV KOAN €0C TOAD KAAN , aveEdptnTa omd Tov apldud Tov
KUTTAP®V OV HETPHONKav. Amd avt) Tn UEAETN KotaAnEope ©TO
ocoumépacpa Ott n KukAivin Bl eivor évog apvnTikdg mopdyovtag
TPOYVOONG OTOV Kapkivo Tov Hootov. [uvaikeg pe vymid ermimedo
KokAivig Bl otovg Oykovg tovg Odiatpéyovv mepimov 2-3  @opég
peyaAvTeEPO Kivovvo Yo Bdvato amd Kapkivo TOv HOGTOD GE OXECT UE
acBeveic mov elyov yoUnAd enineda.
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O oKomoég NG TPITNG €pyaciag MNTOV 1 HEAETN TOL KLTTAPIKOV
TOALOTAQGLOGOD GE Gvdpeg e Kapkivo tov pactod. O Kapkivog Tov
LaoTOD 6TOVG AvOpeC gival TOAD omdviog aAAG peAéteg Exovv dei&el OtL
dlopépel omd ToV KapKivo TOV POGTOV OTIG Yuvaikes. Ot kukAiveg A, B,
D1 kot o deiktng pitwong peietiOnkav. Xvvolkd 197 avdpeg pe
KapKivov TOV HooTol amd dvo emapyieg g Xoundiag, pe TpooPacipo
VMKO Kot KAWkG dedopéva gpguvhiOnkav. Ot acBeveic pe vymin
£kepaon ¢ KukAiving A kot Bl giyav otoydtepn emiPioon . Emmiéov ,
N VYNAOG deikng pitmong cvoyetiomnke pe avénpévo kivovvo Bavdatov
omd KopKivo Tov poaotov. Avtibeta 1 vmepékepacn Tng Kvukiivng D1
ntav OgTkog mopdyoviag Tpdyvmong kol cuoyetilldtav UE KAADTEPN
emBioon. TOUTEPAGLATIKA , TO. VYNAG emimeda TG KukAivng A kot Bl
Kol 0 dgikINg Hitwong cvoyeTicOnkav e 2-3 eopéc VYNAOTEPO Kivduvo
vy Bdvato omd KopKivo Tov pootov. Avtifeto m vaepék@pacom TG
KokAivng D1 peiove tov kivdvvo.

O KUTTOPIKOG TOAMUTAUGLOGHOG EXEL TPOYVMOTIK a&io Kol Katevhhvel
TIg Oepomenticéc emAhoyEég €01Kd oTovG acbevelg e BeTikovg VTOdOYE(S
016TpOoYOVOoL, dNAadT| Tig katnyopiec luminal A kot B. To 2011 ot 0dnyieg
ov otoyeobetOnkav amo diebvr ocvvédpra, ESMO kor St Gallen,
npodTEIVAV TN YpNon avocolstoynukdv deiktwv ER, PgR, HER2 kot
Ki67 cut-off 14% (Ki67,4%) yio Tov dtoxopiopd g xatnyopiog luminal
A omd ) B. H tipf cut-off avtimpocwnedel 10 10606106 TV KLTTAPOV
7ov eivon Betikd yuoo v wpwteivn Ki67 kot mov pmopei va dtoaympicet
TOVG OYKOVG HE VYNAO 1 YOUNAO KLTTOPIKO TOAAATANGIOGUO. XKOTOG
™G TETAPTNG €PYOCIOG NTOV VO OEOAOYHGOVUE OV KATOWL ONO TIG
Tpotevopeveg TIHEG cut-off yia tnv wpoteivy Ki67, n kukiivn A 1 1 Bl
Oa umopovoe mo aomiota va daywpicel Ty Katnyopto, luminal A amo
™ B. Xt perétm pog, n Ki6714, anétoye va aviyvedoel omoladnNToTE
dwpopd otv ékPaocn petald tov kammyopwwv luminal A kot B.
Avrtifeta, pe ™ ypnon g KukAivng A 1 katnyopla luminal B Bpébnke
va €yl oxedov 3,5 eopég vymAdTEPO Kivouvo BovAaTov amd KopKivo Tov
paotov. H wvoxiivn Bl xar n Ki6750, pmopovcav, emiong, vo
dwympicovv avtég TIC Katnyopieg, OAAG m KvkAivip A fTOovV 7O
amoteAecpatikn Kt axpipng. ‘Etor kotaAn&ape oto copmépacpa 0Tl M
KokAivn A gudidkprta dwoympilel T koatnyopia luminal A wov €yl kain
npdyvwon and ™ B mov €yel kakn npdyvoon.

[Mpbéopatec peAéteg oTOV KOPKIVO TOL HOGTOD VTOdEKVOOLV OTL 1)

ooo@opviouévn otoévn 3 (PPH3) umopei va gwat eniong mopdyovtog
TPOYVOONG yio 10 BavaTo and KapKivo TOv HoeToV. XTOY0G oG NTav Vo
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g&etdoovpe v mpoyveotikn afio g PPH3 cuykpitikd kot pe aAlovg
YVOOoTOVG dgikTeg molAamAiaciacpuov onmg Ki67, kukhivy A kot Bl oto
010 VAMKO 0cOeveV TOV YPTCLLOTOGALE GTN OEVTEPN KOl TETOPTN
gpyocio oAAG pe dlaitepn €ueacmn otovg ocbeveic pe Betikovg
oppovikovg vrodoyeig (ER), dniadn Tig katnyopieg luminal A kot B. H
PPH3 £d¢1&e va givat apyntikdg TpoyvOGTIKOS TapAyovTag Yio To Odvato
amd Kapkivo Tov paotov. X1ovg ER Oetikovg acBeveic 1 PPH3 kabdg kot
N KukAivn A kot B 1, aAld oyt n Ki67 umopovoe va mpoPAréyet To Bovato
oamd KopKivo 1oV pootov. 26T060, GTNV TOALVTOUPAYOVTIKT AVAAVLGT TV
OEIKTMV TOAAATANGIOGIOY, HOVO 1 KUKAIVI] A mopduswve ave&aptntog
Ko 1YV POS TAPAYOVTAS TPOYVOGNG.

To ovumépacud pag eivar 6Tl 0 KLTTOPIKOS TOAAATAAGIAGHOG EYEL
LEYAAN onuacio 0TOV KOPKIVO TOV LOOTOV TOCGO OTIG Yuvaikes 0G0 Kol
o61ovg avtpes. H watpkn kowvotnto Oa npénet va katoPdrel Tpoomdbeleg
Yo TNV 0KPIP COUE®VIO Kot VYNAN EXAVOANYILOTNTA 6TV 0ELOAOYT|oN
mg Tpéyovowv kot véov IHC dayvootik®v OJeiktov ®oTe To
OTOTELECULATA VO EIVOL GLYKPICILE KOl VO ETTVYYAVETOL CUUPOVIO TNV
emaoyn g Bepaneiog. Ta amoteléopata TOV pHEAETOV pag delyvouy oTL
N KukAivn B1 ka1 propodv vo cuvelspépovy 6To dlaywpiorod achevav
He vynAov KvdOVOL KapKivo TOL HOOTOV, ®MOTOCO 1 KLKAlvip A
omodeiynke aKOUO TO OTOTEAECUATIKY KOl E01KE 0TOVG 0oOeVElC e
Oetikovg  oppovikovg vmodoyeic. H  yoprynon CUUTAT PO OTIKNG
ymueobepaneiog 6 aLTAV TNV KAANG TPOYVOONS Katnyopio. acOevdv
glvar  pa dvokoAn amdpoon eEautiog TG advvopiog pag  vo
avayvepicovpe Tovg acbeveic vyniod kvdvvov. KoataAinyovue Aoimdv
0TO0 OouLumeEpOcUe  OTL T XPNON  TOV  OEKI®V  KLTTOPIKOD
moAlamAactacpod kukAivn Bl koau PPH3 eival peyding onpociog oty
avayvaplon achevav e TPOO KOPKIVO TOV HOGTOV TOV SlaTpEYOVV
avénuévo kivdvuvo vmotpomng M Bavdatov. Akdéun mio oyvpn givor M
TPOYVOCTIKY SOV NG KUKAIVIIG A Kol €0IKA GTOVG OYKOVG LE
Oeticovg oppovikovg vmodoyeic. H epappoyn g oty kabnpepvi
SYVOOTIKN TPOCEYYIOT] TOV KOPKIVOD TOV HOGTOD UTOPElL GUVEIGPEPEL
oTNV avayvaplon ocbevdv vyniod Kivdhvov 6Tovg 0moiovg 1 yopnynon
GUUTANP®UIOATIKNAG LETEYXEPNTIKNG ynpe0bepameiog Ba Exel 6peloC.
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