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Prediction of Clinical Outcome from Primary Tamoxifen by
Expression of Biologic Markers in Breast Cancer Patient$

Jenny Chang,2 Trevor J. Powles, D. Craig Allred, reduction in tumor recurrences and mortality in the adjuvant
Sue E. Ashley, Andreas Makris, R. Kate Gregory, set?ing (2). As su_ch, tamoxifen is the most Wid_ely prescribed
C. Kent Osborne. and Mitch Dowsett antlcaqcer agent in the World..Howeve.r,. the optllmal.use. of the
’ 7! ) drug with the maximum benefit and minimal toxicity is still an

B s ST sy o oue L3/, areaofntense invesigaion. I postmenopausal women, amosc
S.E.A., A .M, R.K.G., M. D], and Departments of Medical ifen reduces the incidence of fatal myocardial events (2), in-
Oncology and Pathology, University of Texas Health Science Center creases bone mineral density (3-5), and reduces the occurrence
at San Antonio, San Antonio, Texas 78284-6200 [D. C. A, C.K.O.] of contralateral breast cancers by about 40-50% (1). However,
adverse side effects include an increase in thromboembolic
events (1) and endometrial cancers (1, 6, 7).

ER® and PgR have now been studied in clinical breast
cancer for more than 20 years. ER and PgR have their greatest
utility in predicting response to hormonal therapy, both in the
adjuvant setting and for advanced disease. In metastatic breast
cancer, the presence of ER and PgR in tumors has been shown
to predict for improved response to tamoxifen (8, 9). Patients
with ER-positive breast cancers have approximately a 50%
chance of response to endocrine treatment compared to a 12%
response rate for those with ER-negative tumors (10). In early
breast cancer, several large randomized trials have shown a
correlation between ER status and improvement in survival with
adjuvant tamoxifen. The overview meta-analysis found the re-

ABSTRACT

The aim of this study was to evaluate pretreatment
clinical features and biological markers together with
changes in these factors as predictors of response and re-
lapse in patients receiving tamoxifen for primary breast
cancer. Fine-needle aspiration cytology of the primary
breast cancer was performed before tamoxifen treatment in
54 patients and repeated after therapy on day 14, day 60, or
on both days in a subset of 35 patients. These samples were
evaluated for estrogen receptor (ER), progesterone receptor
(PgR), Ki67, S-phase fraction and ploidy. The overall re-
sponse to tamoxifen was 57% (31 of 54 patients). Pretreat-

ment ER and PgR significantly predicted for response by qyction in odds of recurrence for ER-poor patientsl( fmol/
univariate analysis (P < 0.0001 andP < 0.003, respectively). mg) who were less than 50 years of age was 3% compared to
By multivariate analysis, ER expression was the only inde- 1604 in patients 50 years or older. If ER wad0 fmol/mg, this
pendent predictor of response, and it was associated with 27 .o 4ction improved to 19% in patients younger than 50 years
times the likelihood of response (95% confidence interval, 414 3694 in patients ages 50 years and above (1). Other studies
6-136). Increase in PgR and decrease in Ki67 on day 14 1,6 indicated that PgR may serve as an indicator to the func-
significantly predicted for response to tamoxifen © < 0.03  iong integrity of ER (11). Patients with ER-positive metastatic
and P < 0.04, respectively). Lack of ER, clinical node-  peast cancer have approximately a 50% chance of responding
positive disease, and failure to decrease Ki67 on day 14 were 4 amoxifen, and this may be split into subsets of about 40% or
significantly associated with increased risk of relapseR < 60%, depending on PgR expression (12).

0.05). By multivariate analysis, ER expression was the only Other predictive biological markers may include changes
independent predictor of relapse P < 0.005). Pretreatment i prgjiferative activity in response to tamoxifen. Previdas

and early changes in molecular marker expression may iy studies have shown an accumulation of cells inpBase
a§S|st in the prediction of .response.a'nd cllnlcaI. outcome in - 4nd a decrease in SPF (13, 14). A decrease in proliferation in
primary breast cancer patients receiving tamoxifen. response to tamoxifen has been reported in MCF-7 xenografts
(15). In human breast cancers, studies have confirmed that
INTRODUCTION tamoxifen may result in a reduction in proliferation as measured

Tamoxifen is of proven benefit in the clinical managementby immunohistochemical analysis (Ki67; Refs. 16 and 17).
of women with breast cancer and is associated with significanHowever, a relationship between these changes and subsequent
tumor response was not established in these studies.

ICC analysis of biological markers on samples obtained by
FNA has shown high correlation with results from paraffin
Received 7/16/99; revised 11/8/99; accepted 11/15/99. sections and biochemical assays (18, 19). We have previously
The costs of publication of thls artlcle were defrayed in part by the \éalidated the assays used in this study by demonstrating a high
payment of page charges. This article must therefore be hereby marke .
advertisemenin accordance with 18 U.S.C. Section 1734 solely to concordance between measurements obtained by FNAs and

indicate this fact.
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Table 1 Demographics of patients receiving primary tamoxifen

approved by the local ethics committee (protocol 669). These
women were recruited from January 1992 to June 1997.

No.
- Response to tamoxifen was on clinical bidimensional
Total no. of patients 54 . > K > h d th
Median age (yrs) (range) 83 (69-93) measurements prior to, at 2 weeks, at 2 mont| S, an t en at
Tumor size 3-month intervals after commencement of tamoxifen. Clinical
T, (<2 cm) 6 response was defined according to standard WHO critea)a: (
$2 §2>E5ccn'3) 133 CR was defined as the disappearance of all clinical diseb¥e; (
s . ) . A
T, (Iocally advanced) 7 p_ar_tlal response was def_lned asa reductlo_n of more than _50 % in
Axillary nodes bidimensional product diameter)(stable disease was defined
Node positive 10 as reduction of less than 50% or an increase in size of less than
e Node negative 44 25% for at least 6 months; and)(PD was defined as increase
esponse 0
CR 4 of more than 25%.
Partial response 27
Stable disease 20 Laboratory Methods
PD o 3 Collection of Samples. FNAs of the primary breast tu-
Prgtéeatme”t biologic markers 40 mors using a 23-gauge needle attached to a 10-ml syringe were
PgR 52 performed in 54 patients before starting tamoxifen. Of these, 35
Ki67 43 women had repeat biopsies on day 14 (31 women), day 60 (15
SPF 39 women), or on both days 14 and 60 (11 women) after com-
Ploidy 47 mencement of tamoxifen. These time points for repeat biopsies
Relapses 10

were selected to coincide with routine outpatient clinic visits.
Repeat biopsies were not obtained in some patients for the
following reasons: &) on day 14, 20 patients failed to return,
whereas acellular aspirates were obtained in 3 patients;@nd (
on day 60, 27 patients refused a repeat biopsy or failed to attend
clinic, 4 patients had a clinical CR, and acellular aspirates were
obtained in the remaining eight patients. Cellular samples were

histological paraffin sections (20). We have also reported n
significant change in the level of expression of hormone recep
tors, Ki67, SPF, or ploidy from FNAs taken 2 weeks apart in a . .
study involving 20 control patients who had not received anyevaluated for.ER, POR, K'67’ SPF, and pleldy.

systemic therapy (21). Hence, the measurement of changes in Pr_eparatlon_ of Specimens for C_ytospnns and FI.OW Cy-
biological markers by repeat FNA before and after exposure totometrlc_AnaI)_/S|s. From each asplra_te, a 7-ml single cell
treatment may be used as additional predictive markers ofuspension with MEM was _made. Aliquots of 30_0 were
response to therapy. placed in 12 Shandon cytospin chambers and centrifuged at 500

In an earlier report, we found that pretreatment ER and PgFfpm for 5 min on 3-aminopropyliriethoxsilane slides. These

expression and decrease in Ki67 predicted for tumor response @I_ldes were then s_talned with May-Grunwan-Glemsa for _cyto-
iagnosis or air dried and stored aB0°C until ICC analysis.

21 patients receiving tamoxifen for primary breast cancer (22). e . RS
In the current study, we have increased the sample size to furtheTrhe remaining cell suspension was shap frozen in liquid nitro-
define pretreatment biological markers and clinical features?€" for flow cytemetrlc cell cycle analysis. .
together with early changes in these factors as early predictors IcC An'aly3|s_. Staﬂdard methods for 'C.C analysis have
of response and relapse. The main objective of the study was tBeen described in detail elsewhere (23). Briefly, the thawed

determine additional predictive markers for tamoxifen respon-cytOSp'n slides were washed in PBS and fixed with acetone,

siveness, which may enable a better selection of patients whH‘etha”O'v methanol/acetone, or acetone/methapol. The er_1doge-
are likely to derive benefit from this systemic treatment. nous peroxidase was then blocked by 0.1% eedlum _aZ|de in 3%
H,0,, 3% or 10% HO,. For ER and PgR staining, slides were
incubated with ER antibody (Abbott ER-ICA monoclonal anti-
PATIENTS AND METHODS body, 1:40 dilution) or KD68 antibody (Abbott PR-ICA mono-
Patient Selection and Response Evaluations clonal kit). For Ki67, the slides were incubated with rabbit
Postmenopausal women with primary, noninflammatoryserum (1:5 dilution) before the addition of the Mib1l antibody
breast cancer who were treated with preoperative tamoxiferfBinding Site, United Kingdom). Secondary antibody (biotin-
were recruited into this study. Entry criteria included clinically ylated anti-rat IgG for ER, PgR, and Ki67) was then applied.
diagnosed primary breast cancer confirmed by FNA and theéAfter rinsing, the slides were incubated with streptavidin horse-
absence of metastatic disease. Staging investigations includeddish peroxidase (1:100) for 30 min or ABC horseradish per-
chest X-ray, biochemical liver function tests, alkaline phospha-oxidase (for Ki67) for 20 min, rinsed with PBS, exposed to
tase, bone scan, and liver ultrasound. Primary tamoxifen wasliaminobenzidine tetrahydrochloride chromogen for 10 min,
given to women who were considered medically unsuitable forrinsed with autobuffer and PBS, counterstained with 1% methyl
surgery on the basis of poor performance status (Eastern Coogreen, rinsed with deionized water, and then mounted.
erative Oncology Group performance status3) due to the ICC Scoring. Subjective estimation was performed as
presence of coexisting medical conditions or advanced age. Thaescribed previously (23) of the proportion of positive-staining
evaluation of predictive molecular markers in primary breastcells on the entire slide (0, none; £0ne-hundredth; 2, one-
cancer patients was undertaken in a protocol, which had beehundredth to one-tenth; 3; one-tenth to one-third; 4, one-third
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Table 2 Pretreatment clinical stage and biologic markers as predictors of response to tamoxifen by univariate analysis
Pretreatment ER, PgR, Ki67, SPF, ploidy, and presenting clinical stage were tested to determine their influence on primary tumor response using
Fisher's exact test (binary variables), the Mann-Whitney trend test (ordered categorical variables), and the MannWVtestefcontinuous
variables). A, aneuploid; D, diploid. Significant variables in bold.

All (n = 54) Respondersn(= 31) Nonrespondersi(= 23)
Variable No. Median (range) No. Median (range) No. Median (range) P
Tumor size 54 TT,T;T, 31 T, T,T5T, 23 T, T,T3T, 0.5
631107 41935 21272
Nodes 54 NN, 31 No Ny 23 No Ny 0.8
4410 265 185
ER 49 0(0,8) 28 7(0,8) 21 0(0,7) <0.0001
PgR 52 0(0, 8) 31 4(0, 8) 21 0(0,7) 0.003
Ki67 (+SD) 43 8.2 (-8.4) 27 5.6 (5.4) 16 11.3¢11) 0.08
SPF (-SD) 44 8.2 (-7.5) 25 6.6 (-6) 19 10.2 (=s8) 0.1
Ploidy a7 A, 22D, 25 27 A, 12D, 15 20 A, 10D, 10 0.9

Table 3 Changes in tumor markers as predictors of response to tamoxifen by univariate analysis
The numbers of patients with change in immunocytochemical score for ER and PgR or change in ploidy with exposure to tamoxifen were
analyzed using the Fisher’'s exact test. Changes in SPF and Ki67 were compared between responders and nonresponders by thesbtaslent’s
predictors of response. Significant variables in bold.

Responders Nonresponders

A. Variable Day Increase No increase Increase No increase P
ER 14 0 6 1 6 NS
PgR 14 9 3 4 12 0.02
60 4 2 0 4 NS
Ploidy 14 2 10 1 10 NS
60 0 6 0 5 NS

B. Variable Day Change in variable Change in variable P

SPF (-SD) 14 +0.5(0.6) —5.2(6.0) NS

60 —3.0 (4.0) -0.4(1.3) NS

Ki67 (+SD) 14 -5.0(3.0) 0.8 (2.7) 0.04

60 5.0 (15.0) —8.5(9.0) NS

NS, nonsignificant.

to two-thirds; and 5,>two-thirds), and the intensity of the Statistical Analysis

positive signal (0, none; 1, weak; 2, intermediate; and 3, strong  Pretreatment biological markers (ER, PgR, Ki67, SPF, and
signal) of all slides was evaluated by light microscopy semi-pjoidy) and presenting clinical stage were tested to determine
quantitatively by one author (D. C. A.) without any knowledge their influence on primary tumor response using Fisher's exact
of the patlen_ts’ clinical data. The overa!l score was expressed ag; (binary variables), the Mann-Whitney trend test (ordered
the summation of the proportlon and _|nten5|ty scores. Tumor_%ategorical variables), and the Mann-Whitrigytest (continu-
were regarded as expressing the particular molew'fjlr marker {f g variables). Repeat biopsies were taken in a subset of 35
the overall score.\{vas>3 for ER and PgR. For. Ki67, thg women for the determination of changes in the expression of the
percentage of positive cells was determlned by direct countlngtumor markers on day 14 (31 women), day 60 (15 women), and
etry ?]:\ZFL?EVL?QZ?;?Q; d ZIZZV?/EE;IE'}S ?Zf Lg Nﬁ]flg\:\i/e(;yt?hrg- ceIPn both days 14 and 60 (11 women). Changes from pretreatment
suspension was thawed, centrifuged, lysed, and stained for DNxaIues were calculated for each of the markers. All changes in

by incubating in a stain detergent solution (NP40; Sigma, Poole[narker expression were included in the analysis. These changes

United Kingdom) containing propidium iodide as the DNA In markers were assessed for their influence on tumor response
fluorochrome. DNA-stained nuclei were run on a Coulter Elite USIng the tests outlined above. Multivariate analysis was con-

ESP flow cytometer (Coulter Electronics, Hialeah, FL). Fifty ducted on the significant variables obtained by univariate anal-

thousand tumor events were acquired on a single parametefs!S:

256-channel fluorescence histogram, and the cell cycle distri- ~ Disease-free survival was documented as the time from the
butions (G-G,, presynthetic; S, synthetic; and,®, postsyn-  start of treatment until distant metastatic relapse. Pretreatment
thetic and mitotic phase) were analyzed by multicycle softwaremarkers and changes in tumor markers were tested for their
programs (Phoenix Flow Systems, Inc.). DNA content wasinfluence on relapse-free survival in a univariate analysis using

regarded as diploid if GG, peaks were superimposed and was Cox’s proportional hazards model. The relative risk of relapse

regarded as aneuploid only if separate peaks were seen. was calculated for the various groups.
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Table 4 Association of variables with the risk of relapse by 100 A p=03
univariate analysis —g' o
Variables Relative risk of relapse (95% €lI) P E 80 +
Clinical stage @ N1
Tumor size N/A 0.6 § 60 +
Lymph node 3.4 (0.5-24) 0.03 “
positive z 40 +
Pretreatment markers 2
ER Undefined (no relapse in 0.009 = 20+
ER-positive patients) X
PgR N/A 0.2 ) s 1 I
Ki67 5 (1-21) 0.08
SPF N/A 0.6 0 1 2 3 4 5 6
Cth);\Ir?é;deyin markers NIA 0.7 Years since tamoxifen
Change in ER No relapse N/A Fig. 2 The Kaplan-Meier curve of disease-free survival in patients
Increase in PgR N/A 0.8 with clinical node-positive and node-negative disease.
Decrease in Ki67 0.1(0.01-2.1) 0.04
Change in SPF N/A 0.8
Change in ploidy N/A N/A

2 Cl, confidence interval; N/A, not applicable as the variables wereclinical nodal status). By multivariate analysis, ER status was
not significant and associated with insufficient events. Significant vari- o only independent predictive variable and was associated

ables in bold. with 27 times the likelihood of response (95% confidence in-
terval, 6-136; Table 2).
Prediction of Response by Early Repeat Biological
100 T TEE T TT) TN L1 b =.009 i )
= ER e Markers Marker Expression. The changes in molecular
E 30 - marker expression were analyzed as predictors of response. An
5 increase in PgR expression and decrease in Ki67 on day 14 were
g 60+ associated with a statistically significant increased likelihood of
& ER-vo response to tamoxiferP(< 0.03 andP < 0.04 respectively).
% 40 + Changes in ER, SPF, and ploidy did not differ significantly
k- between responders and nonresponders (Table 3).
: 20 + Changes in PgR and Ki67 were analyzed in relation to
© 0 . . . . . baseline ER status. ER-positive tumors were more likely to
"""""" A show decrease in Ki67 on day 14 as a predictor of response. In
0 1 2 3 4 5 6 10 ER-positive tumors, a median decrease in Ki67-.2%

Years since tamoxifen was observed in nine responders, whereas one nonresponder had
Fig. 1 The Kaplan-Meier curve of disease-free survival in ER-positive _an Incree'\se in Ki67 byt6.7%. Of 13 ER'pO_S't'Ve tumors,
and ER-negative patients. increase in PgR on day 14 was observed only in responders. Of
these, 7 of 11 responders showed an increase in PgR, whereas
the 2 nonresponders showed no change in PgR expression.
Predictors of Relapse. Presenting clinical stage (tumor
RESULTS size and clinical nodal status) and biological marker expression
Patient Demographics. All women were postmeno- together with changes in these factors were analyzed by univa-
pausal with a median age of 83 years (age range, 69-93 yeardjaté analysis as predictors of the risk of relapse. Lack of ER
The majority (31 of 54, 57%) presented with clinical stage T €XPression, cllnlcall ane-posntlve d'|sease,. aljd failure to de-
(tumor size, 2-5 cm) without clinical nodal involvement (44 of crease Ki67 were significantly assgma_ted with |n<_:reased risk of
54, 81%). Response was noted in 31 women (31 of 54, 57%)r,elapsel_(’ < 0.05; Table 4)_. By multivariate a_naly5|s, lack of ER
whereas 20 patients achieved stabilization of disease for at lea§Pression was the only independent predictor of relapse (

6 months (20 of 54, 37%), and 3 women (3 of 54, 6%) had pp0.005). Fig. 1 demonstrates the Kaplan-Meier curve of disease-
(Table 1). free survival in ER-positive and ER-negative patients. Fig. 2

Predictive Markers of Response. Expression of ER and demonstrates the Kaplan-Meier curve of disease-free survival in

PgR significantly predicted for subsequent response, with 23 opatients with clinical node-positive and node-negative disease.
26 ER-positive patients (88%) responding to tamoxifen com-

pared to 5 of 23 ER-negative patients (22%;< 0.0001, DISCUSSION

Fisher's exact test). Likewise, 18 of 19 PgR-positive patients Presenting biological markers (ER and PgR), together with
(95%) responded to tamoxifen compared to 13 of 33 PgR-anincrease in PgR and a decrease in Ki67 on day 14, predict for
negative patients (39%? = 0.0001, Fisher's exact test). Tu- tamoxifen responsiveness. Lack of ER, clinical node-positive
mors with high proliferation (Ki67) had a trend toward im- disease, and decrease in Ki67 were also found to predict for
proved responseéP(= 0.08). Of interest, response to tamoxifen increased risk of relapse in these patients.

was independent of presenting clinical stage (tumor size or  The relationship between hormone receptor status (ER and
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