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Most breast cancer patients receive chemotherapy at some phase of their illness but only about half of them benefit from it. Identifying
the factors predicting response to chemotherapy would also assist the clinician in selection of appropriate patients for chemotherapy, thus
saving others from unnecessary exposure to toxic agents. At the present time, there is no tumour biological factor available for clinical
use in the prediction of chemotherapy response in advanced breast cancer apart from oestrogen receptor status, which predicts response
to hormonal therapy, or the HER2 receptor, which predicts response to trastuzumab. Interestingly, they both are also targets for those
therapies. Several groups have tried to find such predictive factors for chemotherapy in advanced breast cancer but the results are so far
disappointing. This review collects the rapidly expanding data published so far on the predictive value of tumour biological factors for
chemotherapy response in advanced breast cancer. In conclusion, none of them is yet good enough for clinical use in advanced breast

cancer.
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Breast cancer is the most common cancer in females in the

western world. Most breast cancer patients receive
chemotherapy at some phase of their illness but only about
half of them benefit from it. Since the inception of cyto-
toxic treatment for cancer the question of why some
patients respond to therapy while others do not has been
asked. It would be of considerable clinical value to know
in advance which patients respond to chemotherapy, thus
saving others from unnecessary exposure to toxic agents.
Identifying and understanding the factors predicting re-
sponse to chemotherapy might also help in elucidation of
the basic mechanism behind response to cytotoxic agents
in malignant disease.

In vitro, the breast cancer cell lines most likely to
respond to chemotherapy are those with a short doubling
time and no oestrogen receptor (1, 2). In vivo, the outcome
is much more complicated and depends on several known
and unknown patient and tumour biological factors that
may also interact with each other. Since the 1970s many
studies have been undertaken to discover which factors
might predict response to chemotherapy in breast cancer.

A factor has predictive value only if its presence or
absence is associated with resistance or sensitivity to a
particular therapy; such factors may or may not have
associated prognostic value. Table 1 summarizes the most

commonly investigated tumour biological factors tested as

© Taylor & Francis 2002. ISSN 0284-186X

predictive factors for response to chemotherapy in ad-
vanced breast cancer.

The purpose of the present review was to collect the
data published so far on the predictive value of tumour
biologic factors for chemotherapy response in advanced
breast cancer. Only the studies where chemotherapy (i.e.
not hormonal therapy or both) was used to treat advanced
breast cancer (i.e. locally advanced or metastatic; not
adjuvant treatment) were reviewed. The literature was
searched from the medline database. The phrases used in
the search were advanced/metastatic breast cancer,
chemotherapy, predictive factor, tumour biological factor
(i.e. ER, p53, etc). In addition, the references cited in the
papers were reviewed. Congress abstracts were not
included.

Oestrogen receptor and progesterone receptor status

In the earliest studies seeking to relate tumour biological
characteristics to chemotherapy response investigated the
correlation between oestrogen receptor (ER) and
chemotherapy responsiveness. The first report suggested
that ER negativity correlated positively with response to
chemotherapy (3). This finding was not confirmed by
subsequent studies (4-9) and a summary of these early
studies indicates that there is no obvious correlation be-
tween chemotherapy responsiveness and oestrogen recep-
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Table 1

Tumour biological factors tested in prediction of response to
chemotherapy in advanced breast cancer

Tumour biological factor

Oestrogen receptor

Progesterone receptor

Histological grade

Ploidy

Proliferation activity (TLI, S-phase fraction, Ki-67, mib-1)
Drug resistance related factors (MDR, GST)

Oncogenes (c-erbB-2)

Apoptosis related genes (p53, bcl-2, bax)

Miscellaneous (elastosis, topoisomerase IIalpha)

tor contents of the tumour (10). In some of the more
recently published studies the results are also conflicting
(Table 2). However, most of these reports have utilized ER
measurements taken some time before chemotherapy and
changes in ER status may occur, especially after hormone
therapy (11). Stewart et al. prospectively studied whether
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receptor status immediately before commencement of
chemotherapy influenced response rate but also in that
study no relationship was found between ER status and
response to cytotoxic chemotherapy (12).

There is a paucity of early literature on progesterone
receptor (PgR) as a predictive factor for chemotherapy. In
recent studies the results are contradictory (Table 2). Inter-
estingly, in some studies ER and PgR predict response to
chemotherapy in different ways (13-15). In conclusion,
hormone receptors have not shown any usefulness as
predictive indicators for response to chemotherapy in ad-
vanced breast cancer.

Tumour differentiation

The relationship between the histological grade of the
primary tumour and response to chemotherapy in ad-
vanced breast cancer has been investigated in many studies
(Table 3). Most studies state that the response to
chemotherapy is not dependent on histological grade (15—
21). However, in two studies high-grade tumours were
more resistant either to neoadjuvant treatment with weekly

Table 2

Studies on the predictive value of hormone receptors for chemotherapy response in locally advanced or metastatic breast cancer

Investigator and n Chemotherapy Factor Method Cut  RR% RR % Association p-value  Ref.
year point negative positive with RR
Lippman et al. 70 Various (no P) ER Quantitative 10 76% 12% High worse <0.0001 (3)
1978
Kiang et al. 1980 40 CAF, CMF tV, P ER Quantitative 3-4  43% 89% High better <0.01 6)
Hilf et al. 1980 44 NA ER Quantitative 10 68% 50% Not predictive NS “4)
Jonat et al. 1980 53 CM +F, V, P; A ER Quantitative 20 33% 61% Not predictive NS (®)]
Rosenbaum et al. 30 CMF +P; AVCR; ER Quantitative 10 43% 75% High better <0.05 (@]
1980 mitovinbl
Rubens et al. 47 CMF =+ vinbl; A + ER Quantitative 5 57% 62% Not predictive NS ®)
1980 V; C
Samal et al. 1980 81 A; VCMFP; AF + ER Quantitative 3-4 62% 78% Not predictive NS )
C, M; AC
Remvikos et al. 60 Neoadjuvant CAF ER EIA 250 83% 70% Not predictive NS (16)
1989
Chevillard et al. 63 Neoadjuvant CAF ER, PgR ICC 250 NA NA Not predictive NS (18)
1996 or CTF
MacGrogan et al. 128 Neoadjuvant ER IHC 10 NA NA High worse 0.001 (15)
1996 EVM, MTV
PgR IHC 10 NA NA Not predictive NS
Colleoni et al. 73 Neoadjuvant ER IHC 10 63% 57% Not predictive NS (13)
1999 FUFAvino
PgR IHC 10 73% 38% High worse 0.05
Zambetti et al. 67 Neoadjuvant A/E ER IHC NA  68% 74% Not predictive (21)
1999 NS
PgR IHC NA 67% 75% Not predictive NS
Daidone et al. Neoadjuvant A, CMF, ER DCC 10 73% 78% Not predictive NS (14)
1999 FAC, FEC, FmxC
PgR DCC 25 68% 86% High bette 0.03
Jarvinen et al. 55 First line E weekly ER IHC 20 26% 67% High better 0.002 (20)
1998
PgR IHC 20 43% 63% High better 0.04

Abbreviations, ER = oestrogen receptor; PgR = progesterone receptor; IHC = immunohistochemistry; EIA =enzyme immuno assay;
DCC = dextran-coated charcoal; NA = not available; NS = not significant; RR =response rate.
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Table 3
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Studies on the predictive value of histological grade for chemotherapy response in locally advanced or metastatic breast cancer

Investigator and year n Chemotherapy RR % with histological Association with RR  p-value Ref.
grades I-III

Remvikos et al. 1989 60 Neoadjuvant FAC 55% gr 1 vs Not predictive NS (16)
83% gr 11-1I1

Belembaogo et al. 1992 58 Neoadjuvant AVCF + M NA Not predictive NS 17)

Aas et al. 1996 63 Neoadjuvant A weekly NA High grade 0.018 (22)

resistant

Chevillard et al. 1996 63 Neoadjuvant FAC or CTF NA Not predictive NA (18)

MacGrogan et al. 1996 128  Neoadjuvant EVM, MTV NA Not predictive NS (15)

Rozan et al. 1998 167 Neoadjuvant FAC 12% CR gr I vs 21% gr I  High grade sensitive  0.04 (24)
vs 37% gr 111

Zambetti et al. 1999 70 Neoadjuvant A/E NA Not predictive NS (21)

Masters et al. 1987 125  First line A £V NA Not predictive NS (19)

Niskanen et al. 1997 103 First line FEC 59% gr 1 vs 30% gr 11 Low grade sensitive <0.001 (23)
vs 24% gr 111

Jdrvinen et al. 1998 55 First line E weekly 43% gr I-11 vs Not predictive NS (20)

64% gr 111

Abbreviations: NA = not available; RR =response rate; NS = not significant.

doxorubicin (22) or first-line treatment with FEC (5-
fluorouracil, epirubicin, cyclophosphamide) given either
weekly or monthly (23), whereas in one study high-grade
tumours were more sensitive to neoadjuvant treatment
with FAC (5-fluorouracil, adriamycin, cyclophosphamide)
(24).

Elastosis is considered as a marker of well-differentiated
tumours. In their study, Masters et al. found that tumours
with abundant elastosis were more likely to respond to
chemotherapy than those with little or no elastosis, but
histological grade as such was not associated with response
to chemotherapy (19). In summary, tumour differentiation
does not offer any help in selecting patients for chemother-
apy in advanced breast cancer.

Ploidy

Because DNA is one of the main targets of cytotoxic
drugs, there has been interest in testing the DN A content

(ploidy) of the primary tumour as a predictive factor for
chemotherapy. A summary of the published studies on
chemotherapy response and ploidy is presented in Table 4.
In the neoadjuvant setting aneuploidy predicts either a
better response to chemotherapy (25, 26) or no difference
in treatment outcome between diploid and aneuploid tu-
mours (14, 16—18, 27). In the metastatic setting, ploidy did
not predict response to chemotherapy (19, 20, 28). Taken
together, these studies do not indicate any obvious rela-
tionship between DN A content and chemotherapy sensi-
tivity in breast cancer.

Tumour proliferation

The potential of proliferative markers in predicting re-
sponse to chemotherapy in breast cancer has been assessed
in a number of clinical studies (Table 5). In the first of
these studies tumour proliferation was measured by tu-
mour cell uptake of tritiated thymidine, which detects cells

Table 4

Studies on the predictive value of tumour ploidy for chemotherapy in locally advanced or metastatic breast cancer

Investigator and year n Chemotherapy RR % RR % Association with p-value  Ref.
Diploid  Aneuploid RR
Spyratos et al. 1992 35 Neoadjuvant AVCMF 10% 60% Aneuploidy better  0.008 (26)
Remvikos et al. 1989 60 Neoadjuvant FAC 63% 82% Not predictive 0.15 (16)
Bonadonna et al. 1990 92 Neoadjuvant CMF /FAC/FEC 76% 73% Not predictive NS 27
Belembaogo et al. 1992 126 Neoadjuvant AVCF + M NA NA Not predictive NS an
O’Reilly et al. 1992 16 Neoadjuvant FAC/FEC 50% 100% Aneuploidy better  0.06 (25)
Chevillard et al. 1996 71 Neoadjuvant CAF or CFT NA NA Not predictive NS (18)
Daidone et al. 1999 136 Neoadjuvant A, CMF, FAC, 89% 79% Not predictive NS (14)
FEC, FmxC
Masters et al. 1987 76 First line A +V 69% 45% Not predictive NS (19)
Hietanen et al. 1995 72 First line FEC 44% 25% Not predictive NS (28)
Jdrvinen et al. 1998 55 First line E weekly 55% 50% Not predictive NS (20)
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Table 5

Studies on the predictive value of tumour proliferation for chemotherapy response in locally advanced or metastatic breast cancer

Investigator and year n Chemotherapy Method Cut RR% RR % Association p-value Ref.
point Low High with RR

Sulkes et al. 1979 25 First line CAV TLI 9 0 69 High better 0.001 (30)

Silvestrini et al. 1987 52 Neoadjuvant TLI 3.6 50% 50% Not predictive NS (33)

Bonadonna et al. 1990 115 Neoadjuvant CMF/FAC/ TLI NA  79% 70% Not predictive NS (27)
FEC

Daidone et al. 1991 26 Neoadjuvant CM/F TLI 3.6 NA NA Not predictive NS (32)

Gardin et al. 1994 36 Neoadjuvant FAC TLI 1.4 56% 83% High better NS 31)

p=0.06

Collecchi et al. 1998 70 Neoadjuvant FEC TLI 3.1 62% 88 % High better 0.014 (29)

Daidone et al. 1999 164 Neoadjuvant A, CMF, TLI 3 82% 75% Not predictive NS (14)
FAC, FEC, FmxC

Remvikos et al. 1989 60 Neoadjuvant FAC SPF 5-10 46% 84% 100% High better 0.0017 (16)

Remvikos et al. 1993 184 Neoadjuvant FAC SPF 5 57% 86% High better <0.003 (36)

Remvikos et al. 1993 71 Neoadjuvant CAF/CTF SPF 5 56% 89% High better <0.002 (35)

BrdU 3.3 56% 89% High better <0.002

Spyratos et al. 1992 35 Neoadjuvant AVCMF SPF 7.5 26 83 High better 0.004 (26)

O’Reilly et al. 1992 22 Neoadjuvant FAC/FEC SPF 10.2 60 100 High better <0.05 (25)

Belembaogo et al. 1992 91 Neoadjuvant AVCF +M SPF 10 NA NA Not predictive, NS 17)

High better

Chevillard et al. 1992 87 Neoadjuvant CAF/CTF SPF 5 NA NA High better 0.01 (18)

MacGrogan et al. 1996 128 Neoadjuvant EVM, MTV ~ MIB-1 40 NA NA High better 0.009 (15)

Rozan et al. 1998 167 Neoadjuvant FAC Ki-67 10 21% CR 30% CR Not predictive NS (24)

SPF 3 14% CR 39% CR  High better 0.01

Willsher et al. 1998 50 Neoadjuvant MMM mib-1 NA NA NA Not predictive NS (40)

Colleoni et al. 1999 73 Neoadjuvant AC/5-FUFA- mib-1 20 42% 76% High better 0.05 (13)
vino

Zambetti et al. 1999 68 Neoadjuvant A/E mib-1 10 62% 75% High better NS (21)

Amadori et al. 1997 76 Miscellaneous metastatic TLI 3.1 15% 47% Higher better 0.01 (34)

Masters et al. 1987 69 First line A +V SPF 7.0 57% 53% Not predictive NS (19)

Hietanen et al. 1995 72 First line FEC SPF 42/ 18% 45% High better 0.008 (28)

12.5

Jarvinen et al. 1998 55 First line E weekly SPF 8 55% 50% Not predictive NS (20)

Bonnetti et al. 1998 55 CMF, FAC, FEC, Ki-67 25 24% 44% Not predictive NS (0.19) 41
metastatic

Sjostrom et al. 2000 72 Docetaxel metastatic mib-1 25 56% 51% Not predictive NS (42)

62 MF metastatic mib-1 25 54% 16% Low better 0.01 (42)

Abbreviations: RR =response rate; TLI = thymidine labelling index; SPF = S-phase fraction; BrdU = bromodeoxyuridine; NA = not

available; CR = complete response; NS = not significant.

performing DNA synthesis. Two out of seven studies
demonstrated that highly proliferative tumours as mea-
sured by uptake of tritiated thymidine had a better re-
sponse to neoadjuvant chemotherapy (29, 30), while
another study showed a trend towards better response (31)
and the rest no difference (14, 27, 32, 33). The one study
on metastatic disease demonstrated a better response to
highly proliferative tumours and, interestingly, the differ-
ence was significant only in previously untreated patients
(34). This suggests that previously administered treatment,
i.e. hormone therapy or chemotherapy, might alter the
proliferation-related chemosensitivity as measured from
the primary tumour.

Bromodeoxyuridine (BrdU), a halogenated analog of
thymidine, has also been used as a measure of tumour
proliferation in one study (35). Measuring the uptake of
tritiated thymidine or BrdU requires fresh tumour mate-
rial. Consequently, more feasible methods have been devel-

oped, and determination of S-phase fraction (SPF) by flow
cytometry as a reliable and simple measurement of tumour
proliferation activity replaced the thymidine labelling in-
dex. In all studies in the neoadjuvant setting a positive
association was found between high tumour proliferation
as measured by SPF and response to various neoadjuvant
chemotherapy regimens (Table 5) (16—18, 24-26, 35, 36).
However, in the metastatic setting, SPF of the primary
tumour was not associated with response to chemotherapy
in two studies (19, 20) while in one study a high SPF
predicted a better response to chemotherapy (28).

Since flow cytometry requires large tumour volumes,
immunohistochemical determination of cell proliferation
antigens was applied to measure tumour proliferation.
Ki-67 is a proliferation-related antigen expressed in late
G1, S, G2 and M phases of the cell cycle (37). Ki-67
monoclonal antibody reacts with an epitope that is dena-
tured with tissue fixation. Mib-1 monoclonal antibody was
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produced using a 66-base pair recombinant part of the
Ki-67 antigen as an immunogen. Its selectivity is similar to
Ki-67 but it recognizes the target in fixed embedded tissues
(38, 39). Later, a polyclonal Ki-67 antigen, which is also
able to function in fixed embedded tissues, was introduced.
The results with either Ki-67 or mib-1 antibody in both the
neoadjuvant and metastatic settings are inconsistent with
some studies indicating a better response (13, 15), others
showing no difference (21, 24, 40, 41) and in one study an
even poorer response (42) in highly proliferating tumours.

Of the different methods measuring tumour prolifera-
tion from primary tumours, SPF seems to be the one most
often and uniformly associated with response to preopera-
tive chemotherapy. However, the clinical utility of this
knowledge is poor, since many patients with slowly prolif-
erating tumours also benefit from chemotherapy.

Drug-resistance factors

The mechanisms of drug resistance are still poorly under-
stood. Multi-drug resistance (MDR) may play a role in
some tumours but it seems evident that there are many
different pathways by which drug resistance may arise
(43). Multi-drug resistance is caused by overexpression of
P-glycoprotein, a membrane protein that pumps am-
phophilic organic substances out of the cell (44). Several
cytotoxic agents including anthracyclines, vinca-alkaloids
and etoposide are substrates for P-glycoprotein. In a small
series of breast tumours, P-glycoprotein expression was
detected in a semiquantitative manner taking into consid-
eration both the number of positive cells and the intensity
of staining. A high degree of staining correlated well with
poor response to chemotherapy (45) (Table 6). In another
small study, a large proportion of cells expressing P-glyco-
protein were observed significantly more often in tumours
showing less than partial response to preoperative
chemotherapy for locally advanced disease (46). Finally, in
a fairly large study, mdr-1 gene expression as assessed by
reverse transcriptase PCR (polymerase chain reaction) but
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not P-glycoprotein expression as assessed by immunohisto-
chemistry (IHC) predicted resistance to neoadjuvant
chemotherapy (18).

Glutathione S-transferases (SGT) is a family of detoxify-
ing enzymes that may be involved in drug resistance (47).
The only clinical studies published found no correlation
between SGT expression of the primary tumour and re-
sponse to chemotherapy in locally advanced or metastatic
breast cancer (15, 48).

So far, only a few small studies on single, specific,
drug-resistance factors have been published and they seem
to be of little use in the clinic. This is not surprising since
there are so many different mechanisms for drug resistance
in tumours.

C-erbB-2 and topoisomerase Ilalpha

One of the most extensively studied tumour biologic fac-
tors in breast cancer is the HER-2/neu oncogene, also
referred to as c-erbB-2, which encodes a transmembrane
tyrosine kinase receptor that belongs to a family of epithe-
lial growth factor receptors structurally related to the
Epidermal Growth Factor Receptor (erbB-1) (49). The
activation of c-erbB-2 leads to increased transcription of
nuclear proteins and cellular growth. c-erbB-2 is overex-
pressed in 20—25% of breast cancers, and these tumours
seem to be clinically aggressive (50).

In a few of the early breast cancer studies, it has been
suggested that patients with c-erbB-2 overexpressing tu-
mours are less responsive to CMF-containing adjuvant
chemotherapy (51, 52) but benefit from anthracyclines (53,
54). In the neoadjuvant and metastatic treatment of breast
cancer, the information on cerbB-2 and response to
chemotherapy is more conflicting (Table 7). The only
published studies indicating that tumours overexpressing
c-erbB-2 respond better to chemotherapy have been those
on patients receiving either the latest vinca-alkaloid
vinorelbine or taxanes (13, 55). In the remaining studies,
where patients have been treated with either an anthracy-

Table 6

Studies on the predictive value of drug resistance factors for chemotherapy in locally advanced or metastatic breast cancer

Investigator and year n Chemotherapy Factor Method Cut RR% RR% Association with p-value Ref.
point Low High RR
Ro et al. 1991 40 Neoadjuvant ACVP Pgp IHC 0 NA NA  Positive resistant 0.005 (46)
Verrelle et al. 1991 20 Neoadjuvant +metastatic Pgp IHC 75 NA NA  Positive resistant <0.02 (45)
AVCF +M
Chevillard et al. 1996 73 Neoadjuvant CAF or MDR1 RT-PCR NA NA Positive resistant 0.07 (<0.02) (18)
63 CTF Pgp IHC 1 NA NA Not predictive NS
MacGrogan et al. 128 Neoadjuvant EVM, GST IHC 1 NA NA Not predictive NS (15)
1996 MTV
Wright et al. 1992 68 First line mitoxantrone  GST IHC 0 NA NA Not predictive NS (48)

Abbreviations: Pgp = P-glycoprotein; IHC = immunohistochemistry; NA = not available; MDRI = multi-drug resistance gene I; GST =

glutathione S transferase; RR =response rate.
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Table 7

Studies on the predictive value of c-erbB-2 for response to chemotherapy in locally advanced or metastatic breast cancer

Investigator and n Chemotherapy Antibody Cut Positive  RR% RR % Association p-value Ref.
year point Low High with RR
MacGrogan et 128 Neoadjuvant Rabbit poly- 1 1 NA NA Not predictive NS (15)
al. 1996 EVM, MTV clonal Dako
Rozan et al. 1998 167 Neoadjuvant NCL-CB11 No/ CR score 0 CR score 2 Not predictive NS (24)
FAC Novocastra weak/ 20%; score 31% CR
strong 1 24%
Willsher et al. 50 Neoadjuvant Rabbit poly- 5 73% 30% High worse 0.0025 (40)
1998 MMM clonal Dako
Colleoni et al. 73  Neoadjuvant TAB250 Triton 10 10% 56% 86% High better 0.03 (13)
1999 FUFAvino
Wright et al. 68  First line NCL-CB11 50 23% 40% 31% Not predictive NS (48)
1992 mitoxantrone Novocastra
Niskanen et al. 103 First line FEC NCL-CBI11 50 14% Score 34%; Score 2 Not predictive NS (23)
1997 Novocastra score 122% 50%
Baselga et al. 122 Taxane Mouse mono- 10 38% 36% 36% High better 0.002 (55)
1997 metastatic clonal 4D5
Jarvinen et al. 55 First line TAB250 Triton NA 35% 64% 64% High worse 0.006 (20)
1998 E weekly
Jukkola et al. 72 Anthracyclines NCL-CBI11 NA 32% 35% 35% High worse NA (56)
2001 metastatic Novocastra
52 Non-anthra- NCL-CB11 NA 29% 27% 27% High worse NA
cyclines Novocastra
metastatic
Sjostrom et al. 66  Docetaxel Rabbit poly- 10 45% 53% 53% Not predictive  0.50 (57)
2002 metastatic clonal Dako
62 MF metastatic Rabbit poly- 10 39% 19% 19% Not predictive  0.60

clonal Dako

Abbreviations: RR =response rate; NA =not available; CR = complete response; NS = not significant.

cline-based or some other chemotherapy regimen, a posi-
tive c-erbB-2 status was indicative of a poorer (20, 40, 56)
or equal response (15, 23, 24, 48, 57) compared with
c-erB-2-negative tumours.

Topoisomerase Ilalpha, the molecular target for anthra-
cyclines and other topoisomerase II inhibitors, might theo-
retically be an better
anthracyclines. Some recent preclinical data support this
hypothesis. The topoisomerase Ilalpha gene is namely
located close to the c-erbB-2 oncogene and c-erbB-2 am-

even predictive factor for

plification is often associated with either amplification or
deletion of topoisomerase Ilalpha (58). In breast cancer
cell lines with c-erbB-2 gene amplification, Jirvinen et al.
have shown that topoisomerase IIalpha gene amplification
is associated with increased protein expression and sensi-
tivity to doxorubicin, whereas topoisomerase Ilalpha gene
deletion is associated with decreased protein expression
and resistance to doxorubicin (59). These interesting find-
ings may explain why patients with c-erbB-2-positive tu-
mours seem to benefit more from adjuvant chemotherapy
with anthracyclines or more intensive schedules of anthra-
cyclines (53, 54) and topoisomerase Ilalpha may prove to
be an even better indicator of sensitivity to anthracyclines
than c-erbB-2. However, in metastatic breast cancer, to-

poisomerase Ilalpha, as assessed by IHC, did not predict
response to first-line chemotherapy with epirubicin while
c-erbB-2 overexpression was associated with a poorer re-
sponse (20). Results from other clinical studies are eagerly
awaited.

The controversial results with c-erbB-2 in trials with an
advanced disease setting may partly result from some
methodological problems. Immunohistochemical assays
lack a uniformly approved scoring system and different
antibodies have been used. Assessment of c-erbB-2 gene
amplification by fluorescence in situ hybridization (FISH)
is considered to be a better method for detecting c-erbB-2
status than assessment of protein overexpression by IHC.
However, there are not yet any clinical FISH data on the
predictive value of c-erbB-2 for chemotherapy in advanced
breast cancer. Taken together, it is apparent that c-erB-2
overexpression cannot yet be readily applied as a predic-
tive factor for response to chemotherapy in advanced
breast cancer. C-erbB-2 amplification and also topoiso-
merase [lalpha data are still pending.

Factors relating to cell cycle checkpoint processes or
apoptosis

It has become apparent that, regardless of distinct mecha-
nisms of action, most anticancer agents ultimately kill
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cancer cells by inducing apoptosis. p53 and bcl-2 family
proteins take part in the regulation of apoptosis triggered
by cytotoxic drugs. In preclinical models, mutations in
apoptotic programs can produce treatment-resistant tu-
mours (60).

p53

The p53 protein is a transcription factor that participates
in cell-cycle checkpoint processes and apoptosis. Under
normal physiological conditions, p53 acts to limit prolifer-
ation following damage to genomic DNA through two
alternative mechanisms: by G1 (or G2) arrest or by apop-
tosis (61). The relationship between chemosensitivity and
p53 can be considered from two mutually exclusive points
of view: it increases chemosensitivity due to apoptosis or
decreases chemosensitivity due to growth arrest and DNA
repair. The apoptosis or arrest decision depends on tissue
type, anticancer agent, dose and mutational status of the
tumour.

The p53 gene is mutated in at least 50% of human
cancers (62). The clinical reports on the value of p53 status
in predicting response to chemotherapy in breast cancer
are discordant (Table 8). Half of the studies reported thus
far have found no difference in response to various
chemotherapy regimens according to p53 status as assessed
by THC (15, 20, 41, 63, 64). In one study, normal wild-type
(wt) p53 was associated with a better response to neoadju-
vant chemotherapy (14), whereas in another study poorer
responses were seen in tumours with wt p53 (13). Notably,
also the studies that used sequencing as the method of
assessing p53 status reported conflicting results, i.e. either
resistance (65, 66) or response (67) to anthracyclines in
tumours with mutated p53. Interestingly, in the study by
Kandioler-Eckersberger et al. the tumours with wt p53
either by IHC, sequencing or both were highly sensitive to
anthracycline-based chemotherapy but more resistant to
paclitaxel (66).

These clinical data have been disappointing, since mu-
tant p53 has been correlated with a poorer response to
cytotoxic treatment in vitro (68) and in mice (60). Method-
ological differences may explain some of the discordance
between preclinical and clinical studies (69). Using IHC
methods, nearly all missense mutations of p53 in the core
domain can be detected, but their sensitivity is lower for
mutations that produce protein truncation or for muta-
tions that lie outside the core domain as well as null
mutations. Moreover, for several reasons, positive im-
munohistochemical staining for p53 may be present with-
out mutations. Namely, detectable levels may exist as a
result of normal cell-cycle fluctuation, response to DNA
damage, stabilization caused by interaction with other
cellular proteins such as mdm-2, or failure of feedback
loops or degradation pathways. Sequencing gives the most
complete picture of the mutational p53 status but does not
necessarily give the whole picture on the functional status

Acta Oncologica 41 (2002)

of p53 and defects elsewhere in the p53 pathway (70).
Recently, recommendations for analysing p53 status were
given (71). In addition to methodological problems, an
important notion is that the in vitro and preclinical in vivo
results cannot be applied to clinical conditions where
tumours are not experimentally induced and where proba-
bly many other biological factors also determine tumour
regression, e.g. angiogenesis, growth factors, etc (72). Fi-
nally, heterogeneous clinical data may also result from the
notion that drugs not causing DN A damage, for instance
taxanes and vinca-alkaloids, may induce apoptosis via p53
independent pathways.

p21|WAFI

The wt p53-activated fragment 1 (WAF1, also known as
p21) functions as an inhibitor of cyclin-dependent kinases
(cdks) (73). In response to DN A damaging agents, p21 is
an important downstream effector in the p53-specific
growth arrest pathway (74, 75) but not in the p53-depen-
dent apoptotic pathway (76).

To date, the utility of p21 in predicting response to
chemotherapy has been assessed in only two studies, where
no significant relationship between p21 and clinical re-
sponse to chemotherapy was found (Table 9) (42, 77).

Bcl-2 family proteins

Bcl-2, the oncogene responsible for the development of
follicular lymphoma (78), inhibits apoptosis. Over 20 genes
whose encoded proteins share amino acid sequence homol-
ogy with bcl-2 have been identified and are called bcl-2
family genes (79). Some of these function as blockers of
cell death, whereas others promote apoptosis. The bax
gene encodes a protein that belongs to this family and
inhibits the action of bcl-2 and thus promotes apoptosis
(80).

Because drugs with distinct primary targets end up in
apoptotic cell death, mutations in apoptotic pathways
could cause multi-drug resistance. In preclinical models,
overexpression of bcl-2 promotes chemoresistance,
whereas induction of bax increases chemosensitivity (81).
Clinically, it is unclear whether monitoring expression of
apoptosis-related proteins provides additional information
on how patients will respond to treatment. The data on the
predictive value of these proteins for chemotherapy in
advanced breast cancer are presented in Table 10. The
majority of studies have shown no relationship between
bcl-2 expression and response to chemotherapy (13, 14, 63,
82-84), although in one study bcl-2 overexpression pre-
dicted a poorer response (41).

Interestingly, the first clinical study on the predictive
value of bax demonstrated that patients having primary
tumours with reduced levels of bax showed poorer re-
sponse rates to chemotherapy, especially in the subgroup
of patients treated with a lower dose intensity regimen of
chemotherapy (83). This notion is in accordance with



Acta Oncologica 41 (2002)

341

Chemotherapy in advanced breast cancer

Table 8

Studies on the predictive value of p53 for response to chemotherapy in locally advanced or metastatic breast cancer

Investigator and year n Chemotherapy Factor Method Cut RR% p53 RR% p53 Association with  p-value Ref.
point negative # positive # RR
Mathieu et al. 1995 86  Neoadjuvant AVCMF p53 IHC 5 57% 58% Not predictive NS (64)
Aas et al. 1996 63  Neoadjuvant (+first p53 CDGE or 47%; 8% PD  39%; 69% Not predictive 0.57 (65)
line) A weekly sequencing PD for response;
positive resistant
Chevillard et al. 1997 53  Neoadjuvant CAF or p53 Sequencing Wt 79% 50% Negative resistant 0.03 (67)
CTF resistant responsive
MacGrogan et al. 128 Neoadjuvant EVM, p53 IHC 1 NA NA Not predictive NS (15)
1996 MTV
Rozan et al. 1998 167 Neoadjuvant FAC p53 IHC 0/5 CR 20%/26% CR 26% Not predictive NS (24)
for CR
Colleoni et al. 1999 73  Neoadjuvant p33 IHC 10 53% 86% Negative worse 0.04 (13)
FUF Avino
Daidone et al. 1999 136 Neoadjuvant A, p53 IHC 5 94% 72% Negative better 0.004 14)
CMF, FAC, FEC,
FmxC
Bottini et al. 2000 143 Neoadjuvant CMF, E  p53 IHC Various NA NA Not predictive NS (63)
IHC 10 27% CR 9.4% CR  Negative better <0.04
Niskanen et al. 1997 103 First line FEC p33 IHC 10 37% 24% Not predictive NS (23)
Bonetti et al. 1998 55 CMF, FAC. FEC p33 IHC NA NA NA Not predictive NS 41)
metastatic
Jarvinen et al. 1998 55  First line E weekly p33 IHC 20 57% 44% Not predictive NS (20)
Kandioler-Eckers- 35  FEC metastatic p33 Sequencing 64% 0% Negative better <0.0001  (66)
berger et al. 2000
IHC 10 85% 7% Negative better 0.003
Both 94% 6% Negative better <0.0001
32 Paclitaxel metastatic p33 Sequencing 38% 86% Negative worse 0.08 (66)
IHC 10 35% 67% Not predictive NS
Both 24% 73% Negative worse 0.01
Sjostrom et al. 2000 72 Docetaxel metastatic p33 IHC 10 54% 50% Not predictive NS 42)
62  MF metastatic p33 IHC 10 26% 22% Not predictive NS (42)

# p53 negative means immunohistochemical staining negative/low or no mutation detected by sequencing.
# p53 positive means immunohistochemical staining positive/high or mutation detected by sequencing.
Abbrevations: RR =response rate; IHC =immunohistochemistry; CDGE = constant denaturant gel electrophoresis; NA =not available; CR = complete

response; NS = not significant.

previous in vitro studies where for most anticancer drugs,
elevations in the anti-apoptotic/pro-apoptotic protein ra-
tios do not prevent drug-induced apoptosis but rather shift
the dose-response curve to the right so that higher concen-
trations of drugs are required to achieve an equivalent
percentage of tumour cell kill (85). These findings suggest
that bax may be a useful marker in selecting patients for
more intensive treatment schedules instead of the weekly
treatment schedules, although the findings should be confi-
rmed in other studies using various dose intensities.
Emerging clinical evidence thus far has not demon-
strated any clear connection between bcl-2 family proteins

and response to chemotherapy in breast cancer. This may
be related to the high number of bcl-2 proteins normally
seen in breast epithelium (79) so measuring only one or
two bcl-2 family proteins may not give enough indication
of the functional state of this apoptotic pathway. It is
probable that the whole apoptotic pathways instead of
single genes or proteins should be investigated and the
recent applications of DNA microarrays and proteomics
may help in this respect. Moreover, because of the multi-
plicity of apoptotic pathways, defects at one site might
lead to the use of another pathway. Finally, much work is

still needed to increase our understanding of when

Table 9

Studies on the predictive value of p21 for response to chemotherapy in locally advanced or metastatic breast cancer

Investigator and n Chemotherapy Method Cutpoint RR % RR % Association with p-value Ref.
year Low High RR
Ellis et al. 1997 56 Neoadjuvant A IHC 0 NA NA Not predictive NS amn
weekly
Sjostrom et al. 72 Docetaxel IHC 10 59% 46% Not predictive NS (42)
2000 metastatic
62 MF metastatic IHC 10 21% 28% Not predictive NS (42)

Abbreviations: IHC = immunohistochemistry; RR = response rate; NS = not significant.
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Table 10

Studies on the predictive value of bcl-2 family protiens for response to chemotherapy in locally advanced or metastatic breast cancer

Investigator and n Chemotherapy Factor Method Cut RR% RR% Association p-value Ref.
Year point Low High with RR
Ellis et al. 1998 36 Neoadjuvant ECF bcl-2 IHC 10 NA NA Not predictive 0.8 (82)
Colleoni et al. 1999 73 Neoadjuvant FUFAvino bcl-2 IHC 10 52% 63% Not predictive NS (13)
Daidone et al. 1999 113 Neoadjuvant A, CMF, bcl-2 IHC 30 74% 85% Not predictive NS (14)
FAC, FEC, FmxC
82 bax IHC 10 80%  79%  Not predictive NS
Bottini et al. 2000 143 Neoadjuvant CMF, E bcl-2 IHC various NA NA Not predictive NS (63)
Krajewski et al. 1995 104 FEC first line bcl-2 IHC 10 NA NA Not predictive NS (83)
Bax IHC 10 21% 43% High better 0.02 (83)
49  FEC weekly bax IHC 10 6% 42%  High better 0.01 (83)
55  FEC monthly bax IHC 10 30%  44%  Not predictive NS (83)
Bonetti et al. 1998 55 CMF, FAC, FEC bel-2 IHC NA 44% 13%  High worse 0.019 41)
metastatic
Sjostrom et al. 2002 64  Docetaxel metastatic bcl-2 IHC 5 54% 52% Not predictive NS
57 bax IHC 5 54%  52%  Not predictive NS
59 MF metastatic bcl-2 IHC 5 14% 32% Not predictive 0.07 (84)
55 bax IHC 5 22%  28%  Not predictive NS

Abbreviations: RR =response rate; IHC = immunohistochemistry; NA = not available; NS = not significant.

and how these multiple apoptotic pathways contribute to
chemosensitivity.

Sequential assessment of tumour biological factors

Attempts have been made to analyse early changes in
cytokinetics and other tumour biological factors during
neoadjuvant chemotherapy to correlate possible changes
with treatment outcome. Remvikos et al. found that mod-
ifications in histograms, namely a decrease in S-phase
fraction and an increase in the G2M phase of the cell
cycle, were associated with a response to chemotherapy
(p<0.001) (35). In another study sequential assessment of
MDR phenotype identified three groups of tumours with
distinct outcomes: positive constant expression of MDR1
predicted resistance to anthracyclines, constant lack of
expression of MDR1 predicted response to chemotherapy,
and early acquired or increased MDR1 gene expression
predicted resistance to various chemotherapy regimens
(18). An increasing level of PCNA (proliferating cell nu-
clear antigen) and erbB-1 (epidermal growth factor recep-
tor) was associated with resistance to neoadjuvant
chemotherapy and a decrease in ER with response (86).
Interestingly, the apoptotic index and Ki-67 decreased
while bcl-2 expression increased significantly in residual
tumour specimens as compared to pretreatment specimens
after neoadjuvant chemotherapy in the study by Ellis et al.
(82). Although the findings were preliminary, the investiga-
tors suggested that the phenotype of reduced apoptosis
and cell proliferation combined with increased bcl-2 might
be associated with breast cancer cells resistant to
chemotherapy.

Further studies are needed to find out whether sequen-

tial measurements of tumour biologic factors during

chemotherapy add something to the more conventional
assessment of response to treatment using radiologic imag-
ing techniques.

DISCUSSION

Several groups have tried to find predictive factors for
chemotherapy response but the results with any factor
have thus far been conflicting (87). Of various tumour
biological factors, only high SPF seems to be uniformly
associated with response to preoperative chemotherapy.
However, the clinical utility of this knowledge is poor since
many patients with slowly proliferating tumours also
benefit from chemotherapy.

Some methodological aspects should be taken into ac-
count when these disappointing results of predictive fac-
tors for chemotherapy response in advanced breast cancer
are evaluated. First, it is not optimal to assess predictive
factors for chemotherapy in metastatic disease from pri-
mary tumours. Metastases do not always show clonal
relationship with the corresponding primary tumour (88).
Previous therapies may also have an effect on clonal
selection or chemosensitivity (11, 34). However, in practice
it is difficult and sometimes perhaps also unethical to take
histological samples from metastases. Thus, the most ap-
propriate way to investigate predictive tumour biological
factors would be in the neoadjuvant setting. Nevertheless,
the findings of neoadjuvant studies do not necessarily
apply to metastatic disease.

Another source of inaccuracy in immunohistochemical
studies is that, when heterogeneously expressed, they give
only estimates of positive staining of different proteins.
Hence, although a panel of distinct factors is investigated,
no firm conclusions on the possible interactions can be
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made. In that respect, a double immunohistochemical
technique might be better. Additionally, the sensitivity and
specificity of antibodies used in IHC may vary (89). The
conflict in the results of different studies may partly be due
to differences in the type of chemotherapy. This raises the
possibility of biological markers being used to assist in the
selection of the type of chemotherapy regimen adminis-
tered to particular tumour biological phenotypes. Finally,
it is too simplistic to expect that any individual biomarker
will be sufficiently predictive to be clinically useful alone.
Increasing knowledge about tumour biology has made it
clear that no single variable regulates chemosensitivity.
Whole-cell biological pathways instead of single genes or
proteins should be assessed.

Most clinical studies on prediction of chemotherapy
response are fairly small, with less than 100 patients.
However, to be a useful marker not only statistically but
also clinically, the difference in chemotherapy response
according to the investigated tumour biologic factor
should be strong enough to be seen preliminarily in these
smaller studies (90). Of course, the clinical utility of puta-
tive markers needs to be established in larger prospective
studies.

Future aspects

To date, no tumour biological factor is available for
clinical use in the prediction of chemotherapy response in
advanced breast cancer other than oestrogen receptor
status, which predicts response to hormonal therapy, or
c-erbB-2 status, which predicts response to trastuzumab —
a humanized monoclonal antibody directed against the
extracellular domain of the HER?2 receptor (87). Interest-
ingly, they are both also the targets for those therapies.

Cancer is a disease marked by multiple primary alter-
ations in DNA and there are multiple different pathways
for malignant transformation to occur. Patients with
breast cancer may have rather different diseases at the
molecular level. Moreover, within a tumour mass, there is
a large amount of heterogeneity (91). Consequently, dis-
tinct subpopulations may require distinct types of therapy
and thus have distinct predictive factors according to
which therapy should be tailored. In the future, it is hoped
that biochip diagnostics will make it possible to identify
the specific genetic lesions of each tumour and then indi-
vidual treatments can be tailored accordingly.

REFERENCES

1. Drewinko B, Patchen M, Yang LY, Barlogie B. Differential
killing efficacy of twenty antitumor drugs on proliferating and
nonproliferating human tumor cells. Cancer Res 1981; 41:
2328-33.

2. Kaufmann M, Klinga K, Runnebaum B, Kubli F. In vitro
adriamycin sensitivity test and hormonal receptors in primary
breast cancer. Eur J Cancer (Oxford) 1980; 16: 1609-13.

3. Lippman ME, Allegra JC, Thompson EB, et al. The relation
between estrogen receptors and response rate to cytotoxic

20.

21.

343

Chemotherapy in advanced breast cancer

chemotherapy in metastatic breast cancer. N Engl J Med
1978; 298: 1223-8.

. Hilf R, Feldstein ML, Savlov ED, Gibson SL, Seneca B. The

lack of relationship between estrogen receptor status and
response to chemotherapy. Cancer 1980; 46: 2797-800.

. Jonat W, Maass H, Stolzenbach G, Trams G. Estrogen

receptor status and response to polychemotherapy in ad-
vanced breast cancer. Cancer 1980; 46: 2809—13.

. Kiang DT, Frenning DH, Gay J, Goldman AI, Kennedy BJ.

Estrogen receptor status and response to chemotherapy in
advanced breast cancer. Cancer 1980; 46: 2814-7.

. Rosenbaum C, Marsland TA, Stolbach LL, Raam S, Cohen

JL. Estrogen receptor status and response to chemotherapy in
advanced breast cancer: the Tufts-Shattuck-Pondyville experi-
ence. Cancer 1980; 46: 2919-21.

. Rubens RD, Hayward JL. Estrogen receptors and response to

endocrine therapy and cytotoxic chemotherapy in advanced
breast cancer. Cancer 1980; 46: 2922—4.

. Samal BA, Brooks SC, Cummings G, et al. Estrogen recep-

tors and responsiveness of advanced breast cancer to

chemotherapy. Cancer 1980; 46: 2925-7.

. Corle DK, Sears ME, Olson KB. Relationship of quantitative

estrogen-receptor level and clinical response to cytotoxic
chemotherapy in advanced breast cancer. An extramural anal-
ysis. Cancer 1984; 54: 1554-61.

. Nomura Y, Yamagata J, Takenaka K, Tashiro H. Steroid

hormone receptors and clinical usefulness in human breast
cancer. Cancer 1980; 46: 2880-3.

. Stewart JF, Hayward JL, Rubens RD, King RJ. Estrogen

receptor status of advanced breast cancer immediately before
chemotherapy does not predict for Cancer
Chemotherm Pharmacol 1982; 9: 124-5.

response.

. Colleoni M, Orvieto E, Nole F, et al. Prediction of response

to primary chemotherapy for operable breast cancer. Eur J
Cancer 1999; 35: 574-9.

. Daidone MG, Veneroni S, Benini E, et al. Biological markers

as indicators of response to primary and adjuvant chemother-
apy in breast cancer. Int J Cancer 1999; 84: 580—6.

. MacGrogan G, Mauriac L, Durand M, et al. Primary

chemotherapy in breast invasive carcinoma: predictive value
of the immunohistochemical detection of hormonal receptors,
p53, c-erbB-2, MiB1, pS2 and GST pi. Br J Cancer 1996; 74:
1458 —65.

. Remvikos Y, Beuzeboc P, Zajdela A, Voillemot N, Magdele-

nat H, Pouillart P. Correlation of pretreatment proliferative
activity of breast cancer with the response to cytotoxic
chemotherapy. J Natl Cancer Inst 1989; 81: 1383-7.

. Belembaogo E, Feillel V, Chollet P, et al. Neoadjuvant

chemotherapy in 126 operable breast cancers. Eur J Cancer
1992; 28A: 896-900.

. Chevillard S, Pouillart P, Beldjord C, et al. Sequential assess-

ment of multidrug resistance phenotype and measurement of
S-phase fraction as predictive markers of breast cancer re-
sponse to neoadjuvant chemotherapy. Cancer 1996; 77: 292—
300.

. Masters JR, Camplejohn RS, Millis RR, Rubens RD. Histo-

logical grade, elastosis, DNA ploidy and the response to
chemotherapy of breast cancer. Br J Cancer 1987; 55: 455-7.
Jarvinen TA, Holli K, Kuukasjarvi T, Isola JJ. Predictive
value of topoisomerase Ilalpha and other prognostic factors
for epirubicin chemotherapy in advanced breast cancer. Br J
Cancer 1998; 77: 2267-73.

Zambetti M, Oriana S, Quattrone P, et al. Combined sequen-
tial approach in locally advanced breast cancer. Ann Oncol
1999; 10: 305-10.



344

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J. Sjostrom

Aas T, Geisler S, Paulsen T, et al. Primary systemic treatment
with weekly doxorubicin monotherapy in women with locally
advanced breast cancer; clinical experience and parameters
predicting outcome. Acta Oncol 1996; 5: 5-8.

Niskanen E, Blomqvist C, Franssila K, Hietanen P, Wasenius
VM. Predictive value of c-erbB-2, p53, cathepsin-D and his-
tology of the primary tumour in metastatic breast cancer. Br
J Cancer 1997; 76: 917-22.

Rozan S, Vincent SA, Zafrani B, et al. No significant predic-
tive value of c-erbB-2 or p53 expression regarding sensitivity
to primary chemotherapy or radiotherapy in breast cancer.
Int J Cancer 1998; 79: 27-33.

O’Reilly SM, Camplejohn RS, Rubens RD, Richards MA.
DNA flow cytometry and response to preoperative
chemotherapy for primary breast cancer. Eur J Cancer 1992;
28: 681-3.

Spyratos F, Briffod M, Tubiana HM, et al. Sequential cytop-
unctures during preoperative chemotherapy for primary
breast carcinoma. II. DNA flow cytometry changes during
chemotherapy, tumor regression, and short-term follow-up.
Cancer 1992; 69: 470-5.

Bonadonna G, Veronesi U, Brambilla C, et al. Primary
chemotherapy to avoid mastectomy in tumors with diameters
of three centimeters or more. J Natl Cancer Inst 1990; 82:
1539-45.

Hietanen P, Blomqvist C, Wasenius VM, Niskanen E,
Franssila K, Nordling S. Do DNA ploidy and S-phase frac-
tion in primary tumour predict the response to chemotherapy
in metastatic breast cancer? Br J Cancer 1995; 71: 1029-32.
Collecchi P, Baldini E, Giannessi P, et al. Primary chemother-
apy in locally advanced breast cancer (LABC): effects on
tumour proliferative activity, bcl-2 expression and the rela-
tionship between tumour regression and biological markers.
Eur J Cancer 1998; 34: 1701-4.

Sulkes A, Livingston RB, Murphy WK. Tritiated thymidine
labeling index and response in human breast cancer. J Natl
Cancer Inst 1979; 62: 513-5.

Gardin G, Alama A, Rosso R, et al. Relationship of varia-
tions in tumor cell kinetics induced by primary chemotherapy
to tumor regression and prognosis in locally advanced breast
cancer. Breast Cancer Res Treat 1994; 32: 311-8.

Daidone MG, Silvestrini R, Valentinis B, Ferrari L, Bartoli
C. Changes in cell kinetics induced by primary chemotherapy
in breast cancer. Int J Cancer 1991; 47: 380-3.

Silvestrini R, Daidone MG, Valagussa P, Salvadori B, Rovini
D, Bonadonna G. Cell kinetics as a prognostic marker in
locally advanced breast cancer. Cancer Treat Rep 1987; 71:
375-9.

Amadori D, Volpi A, Maltoni R, et al. Cell proliferation as a
predictor of response to chemotherapy in metastatic breast
cancer: a prospective study. Breast Cancer Res Treat 1997; 43:
7-14.

Remvikos Y, Jouve M, Beuzeboc P, Viehl P, Magdelenat H,
Pouillart P. Cell cycle modifications of breast cancers during
neoadjuvant chemotherapy: a flow cytometry study on fine
needle aspirates. Eur J Cancer 1993; 29A: 1843-8.
Remvikos Y, Mosseri V, Zajdela A, et al. Prognostic value of
the S-phase fraction of breast cancers treated by primary
radiotherapy or neoadjuvant chemotherapy. Ann N Y Acad
Sci 1993; 698: 193-203.

Gerdes J, Schwab U, Lemke H, Stein H. Production of a
mouse monoclonal antibody reactive with a human nuclear
antigen associated with cell proliferation. Int J Cancer 1983;
31: 13-20.

Cattoretti G, Becker MH, Key G, et al. Monoclonal antibod-
ies against recombinant parts of the Ki-67 antigen (MIB 1

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

Acta Oncologica 41 (2002)

and MIB 3) detect proliferating cells in microwave-processed
formalin-fixed paraffin sections. J Pathol 1992; 168: 357-63.
Key G, Becker MH, Baron B, et al. New Ki-67-equivalent
murine monoclonal antibodies (MIB 1-3) generated against
bacterially expressed parts of the Ki-67 cDNA containing
three 62 base pair repetitive elements encoding for the Ki-67
epitope. Lab Invest 1993; 68: 629-36.

Willsher PC, Pinder SE, Gee JM, et al. C-erbB2 expression
predicts response to preoperative chemotherapy for locally
advanced breast cancer. Anticancer Res 1998; 18: 3695-8.
Bonetti A, Zaninelli M, Leone R, et al. bcl-2 but not p53
expression is associated with resistance to chemotherapy in
advanced breast cancer. Cl Cancer Res 1998; 4: 2331-6.
Sjostrom J, Blomqvist C, Heikkiléd P, et al. Predictive value of
p53, mdm-2, p21 and mib-1 for chemotherapy response in
advanced breast cancer. Clin Cancer Res 2000; 6: 3103—-10.
Ringborg U, Platz A. Chemotherapy resistance mechanisms.
Acta Oncol 1996; 5: 76—-80.

Kartner N, Riordan JR, Ling V. Cell surface P-glycoprotein
associated with multidrug resistance in mammalian cell lines.
Science 1983; 221: 1285-8.

Verrelle P, Meissonnier F, Fonck Y, et al. Clinical relevance
of immunohistochemical detection of multidrug resistance
P-glycoprotein in breast carcinoma. J Natl Cancer Inst 1991;
83: 111-6.

Ro J, Sahin A, Ro JY, Fritsche H, Hortobagyi G, Blick M.
Immunohistochemical analysis of P-glycoprotein expression
correlated with chemotherapy resistance in locally advanced
breast cancer. Human Pathology 1990; 21: 787-91.

Ozols RF, O’'Dwyer PJ, Hamilton TC, Young RC. The role
of glutathione in drug resistance. Cancer Treat Rev 1990; 17
(Suppl A): 45-50.

Wright C, Cairns J, Cantwell BJ, et al. Response to mitox-
antrone in advanced breast cancer: correlation with expres-
sion of c-erbB-2 protein and glutathione S-transferases. Br J
Cancer 1992; 65: 271-4.

Schechter AL, Hung MC, Vaidyanathan L, et al. The neu
gene: an erbB-homologous gene distinct from and unlinked to
the gene encoding the EGF receptor. Science 1985; 229:
976-8.

Slamon DJ, Godolphin W, Jones LA, et al. Studies of the
HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science 1989; 244: 707-12.

Allred DC, Clark GM, Tandon AK, et al. HER-2/neu in
node-negative breast cancer: prognostic significance of over-
expression influenced by the presence of in situ carcinoma. J
Clin Oncol 1992; 10: 599-605.

Gusterson BA, Gelber RD, Goldhirsch A, et al. Prognostic
importance of c-erbB-2 expression in breast cancer. Interna-
tional (Ludwig) Breast Cancer Study Group. J Clin Oncol
1992; 10: 1049-56.

Paik S, Bryant J, Park C, et al. erbB-2 and response to
doxorubicin in patients with axillary lymph node-positive,
hormone receptor-negative breast cancer. J Natl Cancer Inst
1998; 90: 1361-70.

Thor AD, Berry DA, Budman DR, et al. erbB-2, p53, and
efficacy of adjuvant therapy in lymph node-positive breast
cancer. J Natl Cancer Int 1998; 90: 1346-60.

Baselga J, Seidman AD, Rosen PP, Norton L. HER2 overex-
pression and paclitaxel sensitivity in breast cancer: therapeutic
implications. Oncology 1997; 11 3 (Suppl 2): 43-8.

Jukkola A, Bloigu R, Soini Y, Savolainen ER, Holli K,
Blanco G. c-erbB-2 positivity is a factor for poor prognosis in
breast cancer and poor response to hormonal or chemother-
apy treatment in advanced disease. Eur J Cancer 2001; 37:
347-54.



Acta Oncologica 41 (2002)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Sjostrom J, Collan J, von Boguslawski K, et al. C-erbB-2
expression does not predict response to docetaxel or sequen-
tial methotrexate and 5-fluorouracil in advanced breast can-
cer. Eur J Cancer 2002; 38: 535-42.

Jarvinen TA, Tanner M, Barlund M, Borg A, Isola J. Charac-
terization of topoisomerase II alpha gene amplification and
deletion in breast cancer. Genes Chromosomes Cancer 1999;
26: 142-50.

Jarvinen TA, Tanner M, Rantanen V, et al. Amplification
and deletion of topoisomerase ITalpha associate with erbB-2
amplification and affect sensitivity to topoisomerase II in-
hibitor doxorubicin in breast cancer. Am J Pathol 2000; 156:
839-47.

Lowe SW, Bodis S, McClatchey A, et al. p53 status and the
efficacy of cancer therapy in vivo. Science 1994; 266: 807-10.
el Deiry WS. Regulation of p53 downstream genes. Semin
Cancer Biol 1998; 8: 345-57.

Hollstein M, Sidransky D, Vogelstein B, Harris CC. p53
mutations in human cancers. Science 1991; 253: 49-53.
Bottini A, Berruti A, Bersiga A, et al. p53 but not bcl-2
immunostaining is predictive of poor clinical complete re-
sponse to primary chemotherapy in breast cancer patients.
Clin Cancer Res 2000; 6: 2751-8.

Mathieu MC, Koscielny S, Le BM, Spielmann M, Arriagada
R. p53 protein overexpression and chemosensitivity in breast
cancer. Lancet 1995; 345: 1182.

Aas T, Borresen A-L, Geisler S, et al. Specific p53 mutations
are associated with de novo resistance to doxorubicin in
breast cancer patients. Nature Med 1996; 2: 811-4.
Kandioler-Eckersberger D, Ludwig C, Rudas M, et al. TP53
mutation and p53 overexpression for prediction of response
to neoadjuvant treatment in breast cancer patients. Clin Can-
cer Res 2000; 6: 50—6.

Chevillard S, Lebeau J, Pouillart P, et al. Biological and
clinical significance of concurrent p53 gene alterations,
MDR1 gene expression, and S-phase fraction analyses in
breast cancer patients treated with primary chemotherapy or
radiotherapy. Clin Cancer Res 1997; 3: 2471-8.

Koechli O, Schaer GN, Seifert B, et al. Mutant p53 protein
associated with chemosensitivity in breast cancer specimens.
Lancet 1994; 344: 1647-8.

Elledge RM. Assessing p53 status in breast cancer prognosis:
where should you put the thermometer if you think your p53
is sick? J Natl Cancer Inst 1996; 88: 141-3.
Wallace-Brodeur RR, Lowe SW. Clinical implications of p53
mutations. Cell Mol Life Sci 1999; 55: 64-75.

Soussi T, Beroud C. Assessing TP53 status in human tumours
to evaluate clinical outcome. Nature Rev Cancer 2001; 1:
233-9.

Finkel E. Does cancer therapy trigger cell suicide? Science
1999; 286: 2256-8.

el Deiry WS, Tokino T, Velculescu VE, et al. WAF1, a poten-
tial mediator of p53 tumor suppression. Cell 1993; 75: 817-25.
el Deiry WS, Harper JW, O’Connor PM, et al. WAF 1/CIP1
is induced in p53-mediated G1 arrest and apoptosis. Cancer
Res 1994; 54: 1169-74.

Xiong Y, Hannon GJ, Zhang H, Casso D, Kobayashi R,
Beach D. p2l is a universal inhibitor of cyclin kinases. Nature
1993; 366: 701-4.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Chemotherapy in advanced breast cancer — 345
Attardi LD, Lowe SW, Brugarolas J, Jacks T. Transcriptional
activation by p53, but not induction of the p21 gene, is
essential for oncogene-mediated apoptosis. EMBO J 1996; 15:
3693-701.

Ellis PA, Lonning PE, Borresen DA, et al. Absence of p21
expression is associated with abnormal p53 in human breast
carcinomas. Br J Cancer 1997; 76: 480-5.

Tsujimoto Y, Cossman J, Jaffe E, Croce CM. Involvement of
the bcl-2 gene in human follicular lymphoma. Science 1985;
228: 1440-3.

Reed JC. Warner-Lambert/Parke-Davis Award Lec-
ture: mechanisms of apoptosis. Am J Pathol 2000; 157:
1415-30.

Oltvai ZN, Milliman CL, Korsmeyer SJ. Bcl-2 heterodimer-
izes in vivo with a conserved homolog, bax, that accelerates
programmed cell death. Cell 1993; 74: 609-19.

Wagener C, Bargou RC, Daniel PT, et al. Induction of the
death-promoting gene bax-alpha sensitizes cultured breast-
cancer cells to drug-induced apoptosis. Int J Cancer 1996; 67:
138—-41.

Ellis PA, Smith IE, Detre S, et al. Reduced apoptosis and
proliferation and increased Bcl-2 in residual breast cancer
following preoperative chemotherapy. Breast Cancer Res
Treat 1998; 48: 107-16.

Krajewski S, Blomqvist C, Franssila K, et al. Reduced expres-
sion of proapoptotic gene bax is associated with poor re-
sponse rates to combination chemotherapy and shorter
survival in women with metastatic breast adenocarcinoma.
Cancer Res 1995; 55: 4471-8.

Sjostrom J, Blomqvist C, von Boguslawski K, et al. The
predictive value of bcl-2, bax, bcl-xl, bag-1, fas and fasL for
chemotherapy response in advanced breast cancer. Clin Can-
cer Res 2002; 8: 811-6.

Reed JC. Balancing cell life and death: bax, apoptosis, and
breast cancer. J Clin Invest 1996; 97: 2403—4.

Frassoldati A, Adami F, Banzi C, Criscuolo M, Piccinini L,
Silingardi V. Changes of biological features in breast cancer
cells determined by primary chemotherapy. Breast Cancer Res
Treat 1997; 44: 185-92.

Hamilton A, Piccart M. The contribution of molecular mark-
ers to the prediction of response in the treatment of breast
cancer: a review of the literature on HER-2, p53 and bcl-2.
Ann Oncol 2000; 11: 647-63.

Kuukasjirvi T, Karhu R, Tanner M, et al. Genetic hetero-
geneity and clonal evolution underlying development of asyn-
chronous metastasis in human breast cancer. Cancer Res
1997; 57: 1597-604.

Gancberg D, Lespagnard L, Rouas G, et al. Sensitivity of
HER-2/neu antibodies in archival tissue samples of invasive
breast carcinomas. Correlation with oncogene amplification in
160 cases. Am J Clin Pathol 2000; 113: 675-82.

McLeod HL, Murray GI, Mollison J, McKay J, Cassidy J.
Selection of markers to predict tumour response or survival:
description of a novel approach. Eur J Cancer 1999; 35:
1650-2.

Ponten F, Berg C, Ahmadian A, et al. Molecular pathology in
basal cell cancer with p53 as a genetic marker. Oncogene
1997; 15: 1059-67.



