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Purpose: To determine whether pretreatment clinical
features and molecular markers, together with changes
in these factors, can predict treatment response and
survival in patients with primary operable breast can-
cer who receive neoadjuvant therapy.

Patients and Methods: Mitoxantrone, methotrexate
(with or without mitomycin), and tamoxifen chemoendo-
crine therapy was administered to 158 patients before
surgery. Clinical response was assessed after four cycles
of treatment. Fine-needle aspiration cytology for estro-
gen receptor (ER), progesterone receptor (PgR), c-
erbB-2, p53, bcl-2, Ki67, S-phase fraction (SPF), and
ploidy were performed pretreatment and repeated on
day 10 or day 21 after the first cycle of treatment.

Results: Good clinical response (GCR, defined as com-
plete response or minimal residual disease) was
achieved in 31% of patients (49 of 158). Tumor size,
nodal disease, response, ER, PgR, c-erbB-2, p53, bcl-2,

Ki67, SPF, and ploidy were analyzed as predictors of
survival. By univariate analysis, node-positive disease
(P = .05), lack of ER (P < .05) and PgR (P < .05), and
failure to attain GCR (P = .008) were associated with a
significantly increased risk of relapse. A significantly
increased risk of death was associated with node-
positive disease (P =.02), lack of ER expression
(P = .04), and failure to attain GCR. By multivariate
analysis, GCR was an independent predictor for sur-
vival (P =.05). ER expression (P =.03), absence of
c-erbB-2 (P = .03), and a decrease in Ki67 on day 10 or
day 21 of the first cycle (P < .05) significantly predicted
for subsequent GCR.

Conclusion: Molecular markers may be used to pre-
dict the likelihood of achieving GCR, which seems to be
a valid surrogate marker for survival.

J Clin Oncol 17:3058-3063. © 1999 by American
Society of Clinical Oncology.

YSTEMIC CHEMOTHERAPY and endocrine treat- Furthermore, access to the primary tumor during early
ment for operable breast cancer significantly decreaséreatment allows for in vivo testing for changes in molecular

the risk of relapse and deattdowever, it is not possible to  markers that may occur with successful treatment.
identify those patients at the outset who are likely to respond Established prognostic factors such as tumor size and
to adjuvant treatment and determine which type of treatmenfodal involvement are important indicators for breast cancer
should be used. Adjuvant treatment given before surgeryelapse and survival but have not been shown to be
(neoadjuvant therapy) has a number of theoretical advanpredictive of sensitivity to treatment. Estrogen receptor (ER)
tages in breast cancer, including a reduction in the requireyng progesterone receptor (PgR) expression predict for
ment for mastectomy. A decrease in the size of the primaryesponse to tamoxifen and endocrine treatrdéithe bclk-2
tumor, indicating response to therapy, has been proposed asqt0-oncogene, which encodes for a protein that inhibits
a surrogate marker of response in micrometastatic Siteﬁ)rogrammed cell death (apoptosis), has been shown to

predict for efficacy of adjuvant hormonal treatmehtgow-

ever, predictive markers for chemosensitivity are less well
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Measurement of these biologic molecular markers, to-sary if the tumor was located within 2 cm of the nipple or was too large
gether with tumor size and lymph node involvement mayin comparison to breast size. Otherwise, breast-conserving surgery was

. - . performed with complete surgical excision. Axillary lymph nodes were
therefore indicate the likelihood of response of the Primarye,cised to level 2 clearance if palpable at initial presentation, usually

tumor to neoadjuvant therapy. Changes in these biologighrough a separate axillary incision. The influence of systemic therapy
markers, together with clinical tumor response, may allowon clinically undetectable nodes is unknown. Because all patients had
for early prediction of relapse and survival. To test thesereceived neoadjuvant treatment, axillary node biopsy was not required

h th the following bioloai K @s an indicator for systemic therapy. In patients who achieved clinical
ypotheses, the Tollowing biologic markers were measure omplete response (CR), the location of the surgical excision was

from needle biopsy material of primary breast cancersdetermined by mammographic or ultrasound identification of residual
obtained before and after exposure to chemotherapy: ERscarring or according to location before treatment.
PgR, cerbB-2, p53 bcl-2, Ki67, SPF, and ploidy. Initial All patients who did not require a mastectomy were given postopera-

tive radiotherapy to the breast at a dose of 54 Gy in 27 fractions over 5.5

clinical features and measurement of these predictive molecq,\-leeks using two tangential beds, followed by a boost of 10 Gy in five

lar markers, together with changes in these factors, wer@actions to the tumor bed. Radiotherapy to the axilla (50 Gy in 25
then analyzed as early predictors of response, relapse, arfidctions) was administered to patients who did not undergo axillary
survival. dissection.

Staging and responseClinical staging and size of the primary tumor
were recorded by two clinicians at the start of treatment, at each cycle,
and after completion of four cycles of chemotherapy. Response was

PATIENTS AND METHODS defined according to International Union Against Cancer criteria. CR
Clinical Methods was defined as no residual palpable disease, partial response (PR) was
) ) ) defined as more than 50% reduction in bidimensional measurements,

Patient population.From February 1990 to August 1995, patients gaple disease (SD) was defined as between 50% reduction and 25%
with primary operable breast cancer were considered for a randomizeghcrease in tumor size, and progressive disease was defined as more than
trial of neoadjuvant chemoendocrine therapy at the Royal Marsderpsos increase in tumor size. As previously published, we had defined
Hospital (Protocol 561). The results of this clinical trial have been minimal residual disease (MRD) as a residual palpable irregularity at
previously published® In brief, the inclusion criteria were (1) age the site of the primary tumor that was too small to be measured,
younger than 70 years and diagnosis of breast cancer confirmed byepresenting an almost CR to treatm&itumor response was defined
fine-needle aspiration (FNA) cytology, (2) physical and psychologic as CR, MRD, or PR. A good clinical response (GCR) to treatment was
suitability for all treatment options, (3) informed consent, and (4) no defined as CR or MRD.
evidence of metastases at initial assessment. Exclusion criteria included Collection of sampleskFNA of the primary breast tumor using a
(1) evidence of metastases at initial assessment, (2) premenopausa$-gauge needle was performed twice before neoadjuvant chemother-
status accompanied by a desire to consider further pregnancy, (FPY andwas repeated on day 10 or day 21 of the first cycle of treatment.
presence of inoperable (including T4) tumors, with chemotherapy ore had previously demonstrated accurate diagnosis of primary carci-

hormonal therapy as the initial treatment of choice, and (4) any evidenc&0ma in 85% of our patients, with no false-positive results (T.J. Powles,
of myocardial dysfunction. unpublished data). We had also previously shown that cellular aspirates

The evaluation of predictive molecular markers in primary operablecan be obtaineq from 80% of cancers on day 10 and 50% of cancers on
breast cancer was undertaken in a separate protocol, which had be y 21 (unpublished data). However, FNA cannot exclude the 1% to 4%

approved by the local ethics committee (Protocol 669). One hundred® patients with noninvasive intraductal carcinoma, which is usually
) ) ) . - urable by surgery alone.

fifty-eight patients who had received neoadjuvant chemotherapy ang

who had repeat ‘FNA for.measurement of predigtive mglecular markersLaboratory Methods

were evaluated in this biomarker study. These time points were chosen ] ) ] ) )
because they coincided with routine hospital visits: day 10 for nadir _ Preparation of specimens for cytospins and flow cytometric analysis.
blood counts and day 21 for the second cycle of chemotherapy. Of thesE"™®M €ach aspirate, a 2-mL single-cell suspension with minimal

patients, 131 patients were recruited from the neoadjuvant arm of thg;]ser:jtial (n:nediur_n W}?S mbade.SAr\]liqudots ?af- 10b0 ”'F] vl\;eAre pl;‘CEd i_? 12d
clinical randomized trial (Protocol 561), and an additional 27 patients andon Cytospin chambers (Shandon, Pittsburgh, PA) and centrifuge

with similar inclusion and exclusion criteria who had also received at 500 rpm for 5 minutes on 3-aminopropyltriethoxsilane slides. These

B - slides were then stained with May-Gmald-Giemsa for cytodiagnosis
neoadjuvant treatment and repeat FNA were evaluated after completion .~ . o - ; ;

L or air dried and stored at80°C until immunocytochemical analysis.
of the clinical study.

. . . ) . The remaining cell suspension was snap-frozen in liquid nitrogen for
Patients received neoadjuvant chemotherapy with mitoxantrone 7 t?low—cytometri ¢ cell-cycle analysis

11 mg/nt and methotrexate 35 mgfrevery 3 weeks, with or without Immunocytochemical analysi§tandard methods for immunocyto-
mitomycin 7 mg/ni every 6 weeks, for four cycles before surgery/ chemical analysis have been described in detail elsevihBriefly, the
radiotherapy. A further two to four cycles of chemotherapy were givenihawed cytospin slides were washed in phosphate buffered saline (PBS)
postsurgery. All patients also received tamoxifen 20 mg/d for 5 yearsand fixed with acetone, methanol, methanol/acetone, or acetone/
regardless of ER status; tamoxifen therapy was started at the time ahethanol. The endogenous peroxidase was then blocked by 0.1%
chemotherapy for patients who were part of the clinical randomizedsodium azide in 3% or 10%4@,. For ER and PgR staining, slides were
study (131 patients) or 21 days later (27 patients). Mastectomy (usuallyncubated with ER antibody (ER-ICA monoclonal antibody, 1:40
with immediate latissimus dorsi reconstruction) was considered neceddilution; Abbott Laboratories, Abbott Park, IL) or KD68 antibody
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(Abbott PR-ICA monoclonal kit). For Ki67, the slides were incubated markers as predictors of relapse-free or overall survival was analyzed
with rabbit serum (1:5 dilution) before addition of MIB1 antibody by means of a univariate proportional hazards model, and the relative
(Dako, Carpinteria, CA). Fop53andbcl-2 immunostaining, the slides  risks of relapse or death were calculated.

were blocked with 10% ovalbumin before incubation with an antibody

cocktail of p531801 at 1:20 dilution ang53240 at 1:10 dilution RESULTS

(Novocastra, Newcastle, United Kingdom) fael-2 antibody at 1:200

dilution (Dako), respectively. For erbB-2 immunostaining, rat mono-  Clinical Outcome

clonal antibody, ICR12 (0.42 pg/mL) was applied for 30 minutes. . - . .
Secondary antibody was then applied (biotinylated antirat 1gG for Pretreatment and sequential clinical staging together with

ER/PgR, rabbit antimouse IgG fps3andbcl-2, and Ki67 and antirat ~ Piologic markers were assessed in 158 women who received
F(ab) 2 peroxidase conjugate forethB-2). After rinsing, the slides neoadjuvant chemoendocrine therapy. In 27 patients, tamoxi-
were incubated with streptavidin horseradish peroxidase at 1:100 for 3fan was started after repeat Samp|es had been performed on

minutes or ABC horseradish peroxidase (for Ki67) for 20 minutes, day 21. Overall response (CR, MRD, and PR) to neoadju-
rinsed with PBS, exposed to diaminobenzidine tetrahydrochloride ' 69% (110 lf 158 T d 31% (49
chromogen for 10 minutes, rinsed with autobuffer and PBS, counter—Vam treatment was 0 ( 0 patients), an 0 (

stained with 1% methyl green, rinsed with deionized water, and therPf 158 patients) achieved CR or MRD (GCR). The median
mounted. follow-up for the patients in this evaluation is 48 months,

ICC scoring. Subjective estimation as previously describerf the  \wjith 17 metastatic relapses and 19 deaths. The demographic
proportion of positive-staining cells on the entire slide (0, none; 1, characteristics are listed in Table 1.
< one-hundredth; 2, one-hundredth to one tenths &ne tenth to one
third; 4, one third to two thirds; and 5; two thirds) and the intensity of
positive signals (0, none; 1, weak; 2, intermediate; and 3, strong signal)

of all slides were evaluated by light microscopy semiquantitatively by Table 1. Patient Demographics

one author (D.C.A.) without any knowledge of the patient’s clinical No. of
data. The overall score was expressed as the summation of the Patients
proportion and intensity scores. Tumors were regarded as expressing thgwal patients 158
particular molecular marker if the overall score was3 for ER and  Age, years
PgR,=2 for p53, greater than 0 fobcl-2, greater than O for erbB-2. Median 54
For Ki67, the percentage of positive cells was determined by direct Range 28-70
counting. Menopausal status

DNA flow cytometry.The details of DNA flow cytometry have been Premenopausal 52
described elsewhefé. In brief, the cell suspension was thawed,  Perimenopausal 12
centrifuged, then lysed and stained for DNA by incubating in a stain  Postmenopausal 94

detergent solution (nonidet P-40, Sigma, Poole, United Kingdom)cClinical staging
containing propidium iodide as the DNA fluorochrome. DNA-stained  Tymor size

nuclei were run on a Coulter Elite ESP flow cytometer (Coulter T 14

Electronics, Hialeah, FL). Fifty thousand tumor events were acquired T2 116

on a single-parameter, 256-channel fluorescence histogram, and the cell 713 28

cycle distributions (GG, presynthetic; S, synthetic, @/, postsyn- Nodal status

thetic and mitotic phase) were analyzed by multicycle software Node-negative 114

programs (Phoenix Flow Systems, Inc). DNA content was regarded as  Node-positive A4

diploid if Go-G; peaks were superimposed and aneuploid only if Response*

separate peaks were seen. CR 18
MRD 31

Statistical Methods PR 61
SD 43

The tumor markers ER, PgRR53 bcl-2, Ki67, cerbB-2, SPF, and

. X . . . . PD 5
ploidy were analyzed as continuous variables in this analysis. A

. . - . . . . Prefreatment markers
univariate logistic regression analysis was used to identify those factors

having a predictive influence on the likelihood of response. A multivari- 127
ate analysis was conducted on the available factors for each patient. R 135
Some patients did not have measurements for all of the markers, which p33 126
reduced the power in the multivariate analysis. Sequential measure- Ze’rbB'z 100
ments were conducted in a subset of women. Changes in expression ofKicé'; 122
the molecular markers (ER, Pgp53 bcl-2, Ki67, cerbB-2, SPF, and SPF 106
ploidy) were calculated by comparing the pretreatment level with the DA confent 123
level at day 10 or day 21 after the first course of chemotherapy. The, .
. } . 2 Survival

changes in marker levels were then considered, as in the univariate Relanses 17
analysis, as possible predictive variables for response. Deq:;s 19

Overall survival was defined as time from diagnosis to death.
Relapse-free survival was defined as time to documented relapse; *Overall response was 69% (CR, MRD, and PR); 31% of patients achieved CR
deaths without relapse were censored. The significance of tumoer MRD.
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Predictors of Relapse-Free and Overall Survival Table 3. Multivariate Analysis on Pretreatment Prognostic Indicators,
Pretreatment Markers, and GCR as Predictors of Relapse and Survival

The following variables were analyzed in 158 patients for

. - e|a se eqh

relapse-free and overall survival: pretreatment tumor size - - sk P Py o <Dk i Py

and nodal disease, clinical response at 3 months, and " RelafveRisk  9%Cl P ReofveRik  #5%G P
pretreatment ER, PgR,eB-2, p53 bcl-2, Ki67, SPF, and C":'?“' : 0524 8 15 0839 4

. . . . . . size OTL. . . .0-9. B

ploidy. By univariate analysis, node-positive d|sgase Nodes 16 0737 2 14 053 5
(P=.05), lack of ER P=.05) and PgR expression markers

(P = .05), and failure to attain GCR at 3 montlis< .008) ER 0.6 0227 6 07 023 7
were associated with significantly increased risk of relapse PgR 08 01-36 8 09 024 9
(Table 2). A significantly increased risk of death was cl'p'53| 15 0452 5 14 055 5

. . aye . Inical response
associated with node-positive diseaBe<( .02), lack of ER GCR 03 00715 2 015 00210 05

expression® = .04), and failure to attain GCRP(= .01).
Tumor size, response other than GCR, and the remaining
biologic markers were not significant predictors of relapse
and death. By multivariate analysis, failure to achieve GCR
was the only independent variable associated with increasew
relative risk of death® = .05) (Table 3). Figure 1 showsthe  Early changes in markers on day 10 or day 21 from the
Kaplan-Meier graph of overall survival in patients who start of treatment that predict subsequent GCR were next

Prediction of GCR by Changes in Biologic Markers
ith Chemotherapy

attained GCRversugpatients who did not attain GCR. analyzed in all patients. By univariate regression analysis,
) tumors that showed a decrease in Ki67 antigen were
Pretreatment Predictors of GCR significantly associated with a 2.3-fold (95% CI, 0.9 to 6)

Because GCR was the independent predictor for survivalincreased likelihood of achieving GCR at 3 montAs< .05)
we next analyzed pretreatment characteristics in 158 wome(irable 5). Subset analysis was performed to assess whether
for likelihood of achieving GCR using univariate logistic the timing of tamoxifen administration altered these results.
regression. Tumor size and nodal status did not significantlyn patients who began tamoxifen therapy after repeat
predict for primary tumor response to treatment. Positive ERbiopsies were performed, similar results were observed:
was associated with a 2.6-fold increase in the likelihood ofKi67 decreased in 14 of 16 responders, whereas an increase
achieving GCR at 3 monthsP(= .03; 95% confidence in eight of nine nonresponder® & .003) was observed.
interval [CI], 1 to 1.3) whereas erbB-2 expression was Likewise, in patients who were started on tamoxifen at the
associated with a decreased likelihood of 0.5-fold of attain-same time as chemotherapy, a decrease in Ki67 was
ing this responseR = .03; 95% ClI, 0.3 to 1.0). These results observed in 27 of 36 responders, compared with an increase
are listed in Table 4. in 10 of 17 nonresponder® (= .03).

Table 2. Univariate Analysis of Pretreatment Clinical Prognostic Indicators, Pretreatment Molecular Markers, and Clinical Response at 3 Months
to Neaoadjuvant Chemoendocrine Therapy in 158 Patients as Predictors of Relapse and Death

Relapse Death
Variable Re|apses/Tctu| No. Relative Risk 95% Cl P Deaths/Total No. Relative Risk 95% Cl P

Clinical stage

Tsize 17/158 1.5 0.7-2.9 3 19/158 1.5 0.8-3.0 2

Nodes 17/158 1.9 1-3.7 .05 19/158 1.8 1-3.5 .02
Markers

ER 14/127 0.7 0.5-0.9 <.05 14/127 0.75 0.4-0.9 .04

PgR 15/135 0.8 0.5-0.9 < .05 15/135 0.6 0.2-1.6 3

c-erbB-2 9/100 1 0.3-38 1 8/100 0.7 0.1-2.7 5

p53 15/126 2.6 0.9-7.3 .07 17/126 1.9 0.7-5 2

bcl-2 10/86 0.6 1.2-2.6 6 9/86 1.4 0.4-5.4 6

Ki67 13/109 1.7 0.6-5.2 6 10/109 2 1-3.8 .07

SPF 12/106 0.9 0.5-1.7 .8 12/106 0.7 0.4-1.4 5

DNA 16/123 1.5 0.5-4.7 4 16/123 0.8 1.1 0.4-3 .8
Clinical response

CR, MRD, PR 5/110 0.8 0.6-2 2 5/110 0.7 0.5-2 3

GCR (CR, MRD) 0/49 0.25 0.05-0.9 .008 0/49 0.28 0.08-0.9 .01

Abbreviation: Cl, confidence interval.
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100 J Table 5. Changes in Tumor Markers Between Pretreatment

E and Postireatment (day 10 or 21) as Predictors of GCR at 3 Months
E 80 1 to Neoadjuvant Chemoendocrine Treatment (2MT) by Univariate Analysis
E GCR
; 60 + Variable No. Relative Likelihood 95% Cl P
= Increase in ER 88 1.3 1-1.7 A4
s 40 + Increase in PgR 73 2.5 0.8-5 .05
§ Change in p53 61 1.0 0.8-1.2 1.0
g 20+ Increase in bcl-2 60 0.6 0.50.9 05
X P=05 Decrease in Kié7 78 2.3 0.9-6 < .05

0 frrererrere frrrererre frerrereree frrerrreee frrrererr trrrererr frrrereeree tereerrrr Change in SPF 60 1.2 1-1.5 4

0 1 2 3 4 5 6 7 8 Decrease in DNA 61 98 1 '93 07

Years since primary diagnosis
proliferating cells (late @ S, M, and G phases of the cell
Fig 1. Survival of patients who received neoadjuvant therapy: CR/MRD cycle)2 As a measure of the proliferative fraction of tumor
versus PR/NR. . : . . .
cells, Ki67 correlates well with thymidine-labeling in-

. ) dex?®24 but not with SPF and proliferating-cell nuclear
Decrease in DNA content (change from aneuploidy t05nigent618piscrepancy in the predictive value of Ki67 and

diploid tumors) together with increases fiel-2 and PGR  spr may be due to several reasons, including technical

expression were associated with a nonsignificant trendjitterences and measurement of different phases of the cell
towards increased likelihood of GCR at 3 months (Table 5)'cycle.17 Those women whose tumors do not show this

By multivariate analysis of the significant variables predic- gecrease in Ki67 within the first 21 days are less likely to

tive of GCR (ER, cerbB-2, change in Ki67), none were o004 and may theoretically benefit from early switching

independent predictors of this response. to alternative treatments in the context of a clinical trial.
DISCUSSION The relationship between ER and benefit from chemoen-

i i o docrine treatment most likely reflects response to systemic
Studies have demonstrated improved survival in WomeRamoyifen and is well established in the literatgéeA few

whose breast cancers respond to primary systemigeyioys studies have reported an association between
therapy!®1® Our results indicate that molecular marker overexpression of the proto-oncogenerbB-2 and resis-
expression may predict for GCR. This response was found 19, ce o the cyclophosphamide, methotrexate, and fluoroura-
be an_lndependent predictor for survival on multivariate chemotherapy regimete Other studies show an associa-
analysis. o . _ tion between increased responsiveness to high-dose
Only a few in vivo studies have reported changes in yoxorubicin-containing regimens in tumors that overexpress
proliferation fraction with chemotherapy?*We found that - arh-227 Reduced benefit from tamoxifen for women

a decrease in Ki67 antibodies on day 10 or day 21 ofynhose tumors expresserbB-2 have been published but
treatment significantly predicted for subsequent objectivehese results are not conclusRi%eBy univariate analysis,

response. This has been d(gsgribed in other studies Withhese predictive markers were predictive of GCR. However,
chemotherapy and tamoxifé?Ki67 monoclonal antibody  hecause of the number of biomarkers measured, this study
is a specific nuclear antigen that is expressed only Ony,q insufficient statistical power to determine independent
predictors of GCR.
Table 4. Univariate Analysis of Pretreatment Determination of ER, PgR, Standard adjuvant treatment for breast cancer prolongs
c-erbB-2, bcl-2, p53, Ki67, SPF, and Ploidy as Predictors of GCR . . . . .
- . survival in some patients, whereas other patients with
to Neoadjuvant Chemoendocrine Treatment (2MT) . ] ;

chemoresistant disease may benefit from novel treatments.

GCR ; . ) :

An ongoing National Surgical Adjuvant Breast and Bowel
Variable No./Total Relative Likelihood 95% Cl P . . . .

Project trial (B-27) incorporates molecular markers like
ER 38/127 26 2:3.1 03 cerbB-2.39Our preliminary study suggests that selection of
PR 41135 10 0913 4 treatment may be influenced by biologic marker expression
cerbB-2 34/100 0.5 03-1.0 03 tmay bein y biolog exp :
p53 39/126 0.9 07-13 3 Futu.re c'Ilr'u.caI stqdles may approprlately examine Whgther
bcl-2 40/86 1.0 0.8-1.2 8 making initial choices of systemic treatment on the basis of
Kie7 33/109 1.0 08-1.2 4 pretreatment marker expression and earlier alteration of
SPF 34/106 0.9 07-1.4 2 therapies on the basis of marker changes could improve
Ploidy 38/123 0.6 0.4-0.8 2

clinical response and, ultimately, survival.
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