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come. They include combination chemotherdgy, dose and
Background: We have previously reported that high expres- dose intensity(5), sequencing of drug delivery agents and regi-
sion of the erbB-2 gene (also known as HER-2/neu and mens(6), and prognostic marker&). Reports of interactions
ERBB2) in breast cancer is associated with patient response between markers and treatment responsiveness or lack thereof
to dose-intensive treatment with cyclophosphamide, doxoru- have led to a separation of these factors into prognostic (inde-
bicin (Adriamycin), and 5-flurouracil (CAF) on the basis of pendent of treatment) and predictive (interactive with treatment)
short-term follow-up of 397 patients (set A) with axillary categorieg8-11).The estrogen receptor (ER) is an example of
lymph node-positive tumors who were enrolled in Cancer a clinically important prognostic as well as predictive factor.
and Leukemia Group B (CALGB) protocol 8541. Methods: ldentification of molecular markers predictive of chemo-
To validate those findings, we conducted immunohistochem- responsiveness allows for more selective and effective utiliza-
ical analyses of erbB-2 and p53 protein expression in an tion of therapeutic agents.
additional cohort of 595 patients (set B) from CALGB 8541,  The Cancer and Leukemia Group B (CALGB) 8541 t(f)
as well as a molecular analysis of erbB-2 gene amplification ahd a companion trial, 886@L0), demonstrated that patients
in tumors from all patients (sets A and B). Marker data were assigned to a dose-intensive doxorubicin (Adriamycin)-based
compared with clinical, histologic, treatment, and outcome chemotherapy had significantly longer disease-free survival
data. Results:Updated analyses of data from set A (median (DFS) and overall survival (OS) if their tumors exhibited high
follow-up, 10.4 years) showed an even stronger interaction €xpression of the erbB-2 gene (also known as HER-2/neu and
between erbB-2 expression and CAF dose, by use of eitherERBB2).
immunohistochemical or molecular data. A similar interac-  This study was undertaken to explore further the hypothesis
tion between erbB-2 expression and CAF dose was observedhat there is a plausible interaction between erbB-2 expression
in all 992 patients, analyzed as a single group. However, for and doxorubicin dose response. We analyzed additional tumors,
set B alone (median follow-up, 8.2 years), results varied with included additional follow-up information, validated immuno-
the method of statistical analysis. By use of a proportional histochemical analyses of erbB-2 protein expression with an
hazards model, the erbB-2 expression—CAF dose interaction independent assessment of immunohistochemical scoring and
was not significant for all patients. However, in the sub- €rbB-2 gene amplification, and assessed whether p53 (also
groups of patients randomly assigned to the high- or the known as TP53) gene expression, S-phase fraction, or DNA
moderate-dose arms, significance was achieved. When paPloidy may contribute prognostic or predictive information.
tient data were adjusted for differences by use of a prognos- This study consists of an analysis of the original 397 tumors
tic index (to balance an apparent failure of randomization in  Previously reported10) and 595 additional tumors. This analy-
the low-dose arm), the erbB-2 expression—CAF dose inter- sis was not straightforward for a variety of reasons. Retrospec-
action was significant in all patients from the validation set tive tumor accrual from primary and affiliate CALGB hospitals
B as well. An interaction was also observed between p53
immunopositivity and CAF dose. Conclusions: The hypoth-
esis that patients whose breast tumors exhibit high erbB-2  agfiliations of authorsA. D. Thor, S. Edgerton, Evanston Hospital and North-
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was limited; tumor blocks from more than 500 patients could nwtth diaminobenzidine (Sigma Chemical Co., St. Louis, MO), followed by coun-
be retrieved. Moreover. clinical management of breast Cané@ﬁtaining with hematoxylin, dehydration, and mounting under coverslips. The

o nti-erbB-2 monoclonal antibody CB11, which was reactive with the intracel-
Changed between 1985 and 1990; hlgh-dose chemotherap)ﬁjlérr domain of erbB-2, was used for immunohistochemical staining of set B

transplant technologies were increasingly being used for higfyiors because the polyclonal reagent used for set A was no longer available.
risk patients, which reduced the numbers of high-risk patientsARer optimizing the assay with CB11, breast cancer cell lines MDA-MB-231
the later phase of the trial. An amendment to the CALGB 854thd MDA-MB-453 (American Type Culture Collection [ATCC], Manassas,
protocol in 1988 recommended tamoxifen administration in YY), as well as fixed, embedded breast cancers from 20 non-CALGB patients

. . . . iously stained with polyclonal anti-erbB-2 antibody), tained with th
nonrandomized setting, which further complicated our analys{&Viously stained with polyclonal anti-erbB-2 antibody), were stained with the
uSe of CB11. Slides with breast cancer were scored for percent positive tumor

cells (from the monoclonal antibody assay) without knowledge of prior scores

SUBJECTS AND METHODS from the polyclonal antibody assay. Comparison of the staining showed a high
. correlation (correlation coefficiemt = .91; P<.001; Thor A: unpublished data).
Patients Furthermore, data from the CALGB 8869 slides stained with either antibody

were correlated similarly with the independently derived erbB-2 gene amplifi-
In CALGB trial 8541, 1572 women with stage Il breast carcinoma werggtion datageeResults” section). Control cell lines MDA-MB-231 and MDA-
randomly assigned to receive one of three different regimens of adjuvant cyqi§g-453 were included with each assay. Stained slides were scored separately by
phosphamide, doxorubicin (Adriamycin), and 5-fluorouracil (CAF): a high dosgyo investigators, who each estimated the percentage of invasive tumor cells
(cyclophosphamide at 600 mg?doxorubicin at 60 mg/f and 5-fluorouracil  \yith membranous staining [as previously repor¢e@)].
at 600 mg/r for four cycles), a moderate dose (cyclophosphamide at 400 ponocional anti-p53 antibody (PAb1801; Genesis Bio-Pharmaceuticals, Inc.,
mg/n?, doxorubicin at 40 mg/f and 5-fluorouracil at 400 mg/nfor six Tenafly, NJ) was used as describ@®,14).Previous studies by our laboratory
cycles), or a low dose (cyclophosphamide at 300 nigidoxorubicin at 30 (14 15) using this reagent and direct sequencing of p53 gene from breast or
mg/n?, and 5-fluorouracil at 300 mg/#for four cycles) on day 1 of a 28-day gyarian cancer tissues, have shown a high correlation between PAb1801 immu-
cycle, with the dose of 5-fluorouracil repeated on day 8 independent of he%‘staining and missense p53 mutations. The p53 immunopositivity was esti-
tologic values(5). For an update on the results of the clinical trial for the 1549,3ted as a percentage of tumor cells showing positive nuclear staining.
patients who completed treatment on the protocol (follow-up through December
1996), the reader is referred to the recent publication by Budman(@2alThe  Differential Polymerase Chain Reaction for erbB-2
patients in this study (CALGB 8869) were drawn from the larger trial of adjuvaigt o e Amplification
chemotherapy (CALGB 8541). CALGB 8869 is a companion trial of transla-
tional studies. Follow-up for sets used in this study was extended through Dep hematoxylin—eosin-stained slide from each tumor block was mapped for
cember 1997. (For set A, the median follow-up was 10.4 years; for set B, it Waghcer—stroma distributicf.0). Thick sections (5qum) were trimmed by use of
8.2 years; for combined sets A and B, it was 9.3 years.) this map to enhance the tumor-to-nontumor ratio for flow cytometry, angrh0-
Preliminary results published in 19940) showed an association betweenseiions were similarly microdissected for differential polymerase chain reaction
erbB-2 expression and dose response to chemotherapy. That study included@%R) analysis. Molecular analyses for erbB-2 were successfully completed on
patients enrolled early on in CALGB trial 85410). In this analysis, these 397 g14 specimens by use of previously published approaches and algorithms
patients are denoted as set A. Archived tumors from all other patients Wﬁ%’]_?)_-rwo of the three reference genes used as controls (interferon alfa,
completed therapy (& 1152) were requested from participating institutions fofnterferon gamma, and N-ras) had to be judged unequivocally positive by two
validation of the earlier analysis. Only 616 additional tumor blocks could Qﬁdependent observers before a sample was deemed to be harboring gene am-
retrieved; of these 616 blocks, 595 were assessable (denoted as set B ingifigation. Cell lines (e.g., SKBR3 from ATCC) with erbB-2 amplification were
analysis). used as standards. Ratios of target-to-reference band intensities were compared.
Tumor grading and histologic subtyping were performed by a reference p-greater than twofold increase in copy number by use of the normal tissue
thologist using a modified nuclear grading schema of Black e18). ER and  ggjacent to the tumor as the control was considered to represent gene amplifi-

progesterone receptor (PR) information was provided by participating institthion and has been shown to be strongly correlated with high immunohisto-
tions using their own reference laboratories (a combination of immunohisigsemical expressior(16); see"Results” section).]

chemical and biochemical assays). Menopausal status was recorded from infor-
mation provided by participating institutions. Technical Validation of Immunoassays

Specimen Analysis The relevance of a recent report of rapid p53 antigen degradation with storage
(18) was of concern in the present study. So that we could address this issue, 24

Blocks of 1013 primary breast cancers (combined sets A and B) were qi¥the 992 cases originally scored in 1991 and stored as tissue sections mounted

tained. Each tissue block was sectioned for histologic analysis as previouslyglass slides for 2-5 years were selected for restaining with anti-erbB-2 and

described10,14);residual invasive carcinoma was not identified in slides fromanti-p53 antibodies. Correlation coefficients between the original and restained

19 and 21 blocks submitted (requirement for inclusion in this analysis), resultisiides were very high: .71 for p53 and .92 for erbB-2. A significant reduction in

in 994 and 992 assessable samples, respectively, for erbB-2 and p53 analygffunostaining between the two time points was not discerned.

This resulted in a retrospective tissue recovery rate of 64% (992 or 994 of 1549¢ estimate interobserver variability, a second pathologist (C. Allred) rescored

patients, summarized in Table 1). Specifically excluded from entry in the clinicab4 slides from the original 397 tumors (originally scored by A. D. Thor) in a

trial (CALGB 8541) were patients who had more than one tumor. blinded fashion. This pathologist used his own scoring system, which recorded
. . the percent staining, the intensity of the staining, and the total score for each
Immunohistochemical Analyses of erbB-2 and p53 invasive breast cancgt9).

Immunohistochemical analyses of erbB-2 and p53 were performed as &dow Cytometry
scribed(10). Briefly, tissues were deparaffinized and rehydrated, and nonspe-
cific reactivity was blocked with 10% normal horse serum (Vector Laboratories, Nine hundred eighteen tumors were assessable by flow cytometry for S-phase
Inc., Burlingame, CA), followed by addition of the anti-erbB-2 monoclonafraction and ploidy as describgd0). Briefly, by use of prepared tumor maps,
antibody CB11 (BioGenex Laboratories, San Ramon, CA) diluted 1: 900 in 0.@1alignant and benign tissues were dissected apart and separately deparaffinized.
M phosphate-buffered saline (PBS) (pH 7.4) overnight at 4 °C. After multip[Ehe histogram of the benign tissue was compared with the histogram of the
PBS washes, tissue sections were sequentially incubated for 30-minute intermaddignant tissue to correct for fixation and processing artifacts. The diploid
at room temperature with biotinylated horse anti-mouse immunoglobulin BNA standard was obtained from the nonmalignant tissue from each tumor slide.
(1:500 dilution; Vector Laboratories, Inc.) and streptavidin—horseradish peroXihe DNA index was obtained by a comparison of the ratios of thp&aks of
dase (1:200; Zymed Laboratories, Inc., South San Francisco, CA) dilutedtlie malignant and benign tissue fractions. The S-phase fraction was obtained by
PBS. After multiple washes, peroxidase activity was visualized after reactioge of the same rectangular fit model used previo(kDy).
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Table 1. Patient and tumor characteristics of subjects enrolled in CALGB 8541 and 8869 clinical trials*

Companion trial 8869 (all patients) ) .
Adjuvant trial

Characteristic Low-dose arm Moderate-dose arm High-dose arm 8541
No. of subjects 327 340 346 1572
Age, y
Median 50 50 50 50
Range 23-77 26-81 24-77 23-81
No. (%)t
Menopausal status
Premenopausal 132 (40) 142 (42) 139 (40) 673 (43)
Postmenopausal 195 (60) 198 (58) 207 (60) 879 (56)
Unknown — — — 20 (1)
Tumor size, cm
<2 115 (35) 127 (37) 119 (34) 555 (35)
>2 211 (65) 212 (62) 224 (65) 994 (63)
Unknown 1(<1) 1(<1) 3(1) 23(2)
No. of positive lymph nodes
— 196 (60) 201 (59) 194 (56) 927 (59)
4-9 96 (29) 104 (31) 110 (32) 456 (29)
=10 35(11) 35 (10) 42 (12) 175 (11)
Unknown — — — 14 (1)
Histologic type
IDC 289 (88) 310 (91) 321 (93) NA
LC 16 (5) 14 (4) 10 (3) NA
Other 16 (5) 12 (4) 5(@1) NA
Unknownz 6 (2) 4(1) 10 (3) NA
Histologic grade
Well differentiated 5(2) 7(2) 4(1) NA
Moderately differentiated 143 (44) 143 (42) 136 (39) NA
Poorly differentiated 173 (53) 186 (55) 195 (56) NA
Unknown 6(2) 4(1) 11 (3) NA
Hormone receptors
ER positive 210 (64) 219 (64) 232 (67) 1006 (64)
ER negative 114 (35) 116 (34) 107 (31) 527 (34)
Unknown 3(1) 5(1) 7(2) 39 (2)
PR positive 179 (55) 194 (57) 180 (52) 844 (54)
PR negative 135 (41) 131 (39) 145 (42) 645 (41)
Unknown 13 (4) 15 (4) 21 (6) 83 (5)
Tamoxifen treatment
Yes 113 (35) 110 (32) 122 (35) 502 (32)8
No 213 (65) 230 (68) 224 (65) 1047 (67)
Unknown 1(<1) 0(0) 0 (0) 23 (1)
DNA ploidy
Diploid 117 (36) 111 (33) 122 (35) NA
Aneuploid 175 (54) 200 (59) 193 (56) NA
Unknown 35(11) 29 (9) 31(9) NA
S-phase fraction
<10% 92 (28) 97 (29) 94 (27) NA
>10% 114 (35) 122 (36) 140 (41) NA
Unknown 121 (37) 121 (35) 112 (32) NA
Median, % 12 12 13 NA
Range, % 0-50 2-44 1-50 NA
erbB-2 immunohistochemistry by % cells positive
0 125 (38) 138 (41) 137 (40) NA
1-9 60 (18) 57 (17) 60 (17) NA
10-49 49 (15) 45 (13) 49 (14) NA
50-89 35(11) 34 (10) 43 (12) NA
=90 53 (16) 57 (17) 50 (14) NA
Unknown 5(2) 9(3) 7(2) NA
erbB-2 amplification
Absent 252 (77) 246 (72) 258 (75) NA
Present 52 (16) 58 (17) 50 (14) NA
Indeterminant 4(1) 9(3) 10 (3) NA
Unknown 19 (6) 27 (8) 28 (8) NA
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Table 1 (continued).Patient and tumor characteristics of subjects enrolled in CALGB 8541 and 8869 clinical trials*

Companion trial 8869 (all patients)

Adjuvant trial

Characteristic Low-dose arm Moderate-dose arm High-dose arm 8541
No. (%)t

p53 expression by % cells positive
0 213 (65) 231 (68) 218 (63) NA
1-9 58 (18) 39 (11) 56 (16) NA
10-29 17 (5) 22 (6) 25(7) NA
30-49 6 (2) 6 (2) 7(2) NA
=50 29 (9) 34 (10) 33(10) NA
Unknown 4(1) 8(2) 7(2) NA

*Only 1549 patients completed treatmesé€”Subjects and Methods” section). 8541 is the parent trial as described in the introduction; 8869 is the companion
translational trial, which, for the purposes of this analysis, has been divided into sets A, B, and A and B combined. Significant differences were not observed betwee
the various arms on the companion trial or in comparison to the adjuvant trial. Low, moderate, and high doses refer to the doses of CAF (i.e., cyclophosphamide
doxorubicin [Adriamycin], and 5-fluorouracil). CALGB= Cancer and Leukemia Group B; ID€ infiltrating ductal carcinoma; LG= lobular carcinoma; ER=
estrogen receptor; PR progesterone receptor; and NA this characteristic was not available on the full study 8541 but only on the subset study 8869.

tUnless otherwise specified, values in columasnumber of subjects (%).

fSlides were unavailable for histologic review.

§Tamoxifen administration increased following a clinical amendment in 1988. The increased proportion of patients who received tamoxifen on CALGB 8541
described earlier by Muss et 4lL0) reflects longer follow-up and more accurate documentation of tamoxifen administration.

Statistical Analysis publication (10), we illustrated the interaction using Kaplan—Meier survival
curves by dose for low erbB-2 expression (<50% cells showing positive expres-
Survival interval was defined as the period between the study entry and desitin) and for high erbB-2 expressior$0% cells showing positive expression)
(for OS) or the period between study entry and documented relapse or deaitset A , set B, and sets A and B combined. Kaplan—Meier survival curves for
without relapse (for DFS). Patients without an event were censored at last §%3 are separated into no p53 expression (0% cells showing positive expression)
low-up. Survival curves were drawn with the use of the Kaplan—Meier produghd any p53 expressioe=(% cells showing positive expressiof)values from
limit method (20-22). The logrank test was used to compare two or morghe logrank test are provided for comparison of survival curPesalues from
survival distributions. A proportional hazards model was used to relate thg Wald statistic derived from the multivariate models, however, address the
various covariables with outcon(@3). We chose the variables CAF dose, numinteraction question in a much better way.
ber of positive lymph nodes, tumor size, menopausal status, erbB-2 expressiogaplan—Meier survival curves can be misleading because they do not account
and CAF dose interaction with erbB-2 expression for the multivariate propGg, gifferences that occur in prognosis among the various groups. Such occur-
tional hazards models to be the same as those used in our previous publicaipRes are likely in subgroups of patients because the sample sizes within sub-
(10); however, we added tamoxifen therapy and p53 expression and & RRgips are much smaller than in the entire set. Therefore, in a secondary analysis
interaction with CAF dose because of their stafistical significaRa@lues from 1, aqqress the validation question, we adjusted for differences in prognoses. To
univariate and multivariate proportional hazards models were derived frotfect this adjustment, we developed a prognostic index using a multivariate
Wald's chi-squared statistics. We used chi-squared test or Fisher's exact tegf {9, ional hazards model that accounted for the following variables: square
compare categorical variables. The Kruskal-Wallis test was used to COMPAJE: of number of positive axillary lymph nodes (NPN), tumor size (TSIZE

Cont'm_JO_US variables across dose I'evels_. o 2 for >2 cm; TSIZE = 1 for <2 cm), menopausal status (PRE 1 for pre-
Statistical analyses included patients in the initial set (set A) and the subse-

guently accrued group (set B). Set A was the hypothesis-generating set, an -Fegri\;)pausal; PRE 0 for perimenopausal or postmenopausal), tamoxifen use
s 4 . NG : =1f ;TAM= 0f ER ERPOS 1 f itive;
B was the validation set. Patients accrued into set B=(1595) differed from oryes, 0 for no), and status ( 0OS 1 for positive;

those accrued into set A (s 397) in many respects, including the following: aERPOS= 0 for negative). Specifically not considered in this index were erbB-2

later date of trial entry (83% in the former and 53% in the latter that were enter%%s'tw'ty’ dose of CAF, and time of entry into the trial because these factors

after 1987;P<.001), a greater number of postmenopausal women (64% in tere specifically being investigated. Fitting a proportional hazards regression
former an(’j 53% ir’1 the latte® = .001), a greater number of women Whomodel with the use of the above factors to the combined DFS data in sets A and

received tamoxifen (39% in the former and 28% in the lafer; .001), a higher B gave the following prognostic index:

median S phase (14% in the former and 10% in the laRer901), and some-

what fewer patients with 10 or more positive lymph nodes (14% in the former | qay= ex(0.439x \/W) +(0.470% TSIZE) + (0.241x PRE)
and 9% in the latterP = .041). There were no significant differences between - (0.413x TAM) + (0.113x ERPOS].

these two groups in ER or PR positivity, erbB-2 expression or amplification,

DNA ploidy, or p53 positivity.

The principal analysis addressed whether set B confirmed the conclusion frGreater index values and larger or positive correlation coefficients correspond to
set A(10). The hypothesized interaction of erbB-2 expression and dose intengityorer prognosis and increased risk of recurrence or death, whereas smaller
of CAF was assessed by use of a multivariate proportional hazards modelifidex values and negative or smaller correlation coefficients indicate better
corporating the following variables: number of positive lymph nodes (squapeognosis and decreased risk of recurrence or death. ER positivity and the use of
root transformation used for better predictability and linearity required for Casmoxifen were correlated. In this trial, while ER positivity had a favorable
model analyses), tumor size, ER status, menopausal status, tamoxifen use, gagghostic implication, the sign of the coefficient of ER positivity (ERPOS)
of CAF (coded 0 [low], 1 [moderate], and 2 [high]), erbB-2 expression, and auggests otherwise. The reason for this apparent discrepancy is that the favorable
interaction term, the product of dose of CAF (coded number) and erbB-2 percem prognosis was carried by the variable tamoxifen treatment (TAM). Both
positivity. We first updated this model for set A to address whether our originedrms ERPOS and TAM were included in the index equation because, although
hypothesis remained valid with an additional 7 years of follow-up. In all cas@sey are correlated, they neither are collinear nor give identical information,
of comparison with set B, we considered only the most recently available clinicahce all patients with ER-positive tumors did not receive tamoxifen and some
data from set A (median follow-up, 10.4 years). The primary analysis of setgtients with ER-negative tumors did, in fact, receive the drug.
used a multivariate model with the same variables as those used for set A, witlh our second analysis, we used this index to adjust DFS for the various
a focus on the interaction of CAF dose and erbB-2 expression. As in our earkgibgroups as follows. We calculated an overall mean index for all 992 patients
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(combining 397 patients from set A with 595 patients from set B) that repre- p53 immunostaining was positive=(%) in 33% of 994 as-
sented ths avetr)age rislzfor these patients. V\l/)e next cgmputedhthde Imeandindle;éggsaue tumors (Table 1) and was not significantly correlated
patients by subgroup (set A versus set B by CAF dose schedule and erbB-. . s . .
expression [high versus low]). The overall mean index was then divided by eé’gﬁh e,rbB_Z expressmq. p53 positivity was aSSOCIated, with tu-
subgroup’s mean index. This ratio was a measure of the relative risk of the enfif®r S1Z€ P = .034), higher tumor gradeP§€.001), steroid re-

set of patients compared with the mean index of the subgroup in question. Ee@ptor negativity (ERP<.001; PR,P<.001), aneuploidyR =
subgroup’s Kaplan—Meier DFS was then adjusted by raising it to the power ¢f01), and a higher percentage of cells in the S phBse)(Q1).

the calculated ratio. For example, if a subgroup had an average risk that was only

80% of the average risk for the entire patient cohort, then the ratio was 1.25. Thechnical Validation of Immunoassays
subgroup’s DFS would then be adjusted downward by raising the DFS by a

power of 1.25. In this example, a 50% survival probability (survival proportion Correlation coefficients between the original and subse-

= 0.5) would become 42% (survival proportica 0.5~29. For a different . . ) _
hypothetical subgroup with a mean risk of 125% (compared with the enti,geuently stained slides taken from Iong term Store%(SUb

patient cohort), the survival probability would be raised to the power 0.80. FI§Cts and Methods” section) were very high: .71 for p53 and .92
this subgroup, a 50% survival probability (survival proportien0.5) would for erbB-2. A significant reduction in immunostaining between
become 57% (survival proportios 0.5°8) with the ratio adjustment. In effect, the two time points was not discerned. For the 194 slides that
this_[_)roc'ess adjusts prognosis of all groups so t_ha_t they are comparable \ﬂi&e inndIy rescored by a second pathologist (C. AIIred), the
_rectlfles |mba|ance§ that may occur. Logrank statistics are not defined fo_r dércent staining, the intensity of the staining, and the total score
justed Kaplan—Meier survival curves. We compared these curves by usin . A . .

chi-squared test and assuming exponential survival distributions, i.e., assunkfgscribed earlier in “Subjects and Methods” section) were
constant hazard, with the exponential parameter adjusted as indicated abovgtrongly correlated with the scoring by A. D. Thor. The percent
staining was the parameter with the greatest correlation (ad-
justed R = 78%:; P<.001); however, also correlated with the
Patient Characteristics, erbB-2, and p53 original scoring by A. D. Thor were the intensity of staining
(adjusted?? = 59%;P<.001) and the total score (adjusteti=

04" i
patients enrolled in CALGB 8869 by treatment arm comparet? 6 P<.001). Moreover, the two independent assessments of

. . . . : . rbB-2 expression showed similar correlations with other co-
with all 1572 patients who participated in adjuvant trial CALGB\e/rclriates, including interactions with dose in predicting DFS (by

8541. Overall, patients in each treatment group were balan dAIIred, P — .001: by A. D. Thor,P<.001). These results

by variables listed in Table 1 and were similar to those in thsetjbstantiate the robustness of the erbB-2 data and suggest that

parent clinical trial. For either set A or set B, the DFSand OS o[ _.~.~ . . . .
Staining intensity or a complex system that combines the inten-

patients randomly assigned to the high- or moderate-dose arms = . 7 : .
were superior to those of patients on the low-dose arm. PatieRd W't.h the percent of cells staining may not provide superior
: ; . redictive value.

accrued into set B differed from those accrued into set A M
having a later date of trial entry€.001), a greater proportion of Anajysis of Outcomes for Combined Sets A and B
patients who received tamoxifeR (= .001), a greater propor-
tion of postmenopausal patien® & .001), a higher median S  Characteristics including CAF regimen, age at enrollment,
phase P<.001), and a trend toward fewer positive lymph nodesenopausal status, tumor size, number of positive lymph nodes,
(described in detail in the “Subjects and Methods” section). ER and PR contents, tamoxifen treatment, and erbB-2 gene am-

Of the 992 tumors (combined sets A and B) immunostaingidification were significantly associated with DFS, as deter-
for erbB-2, 60% exhibited some membranous reactivitt%) mined by univariate analysis (Table 2). The CAF regimen, tu-
and 27% exhibited nearly homogeneous staining with 50% wor size, number of positive lymph nodes, histologic grade, ER
more of cells positive (Table 1). Twenty-nine percent of set And PR contents, tamoxifen treatment, erbB-2 amplification, and
tumors and 27% of set B tumors exhibited this high-level reap53 expression were significantly associated with OS as well
tivity. PCR analysis of erbB-2 gene amplification from 91Table 2). For all patients (Table 2), erbB-2 gene amplification
cases revealed amplification in 17% (21% in set A and 16% {but not immunoexpression as a continuous variable) was asso-
set B). The Pearson product moment correlation between erbBi&ted with poorer prognosi€.001 for OS andP<.001 for
expression and gene amplification was significaR&.001). DFS). p53 expression was associated with a shortenedPGS (
PCR-negative cases showed low levels of immunopositivit925) but not with a shortened DF8 = .45).
(mean staining, 17%) compared with PCR-positive cases (mearMultivariate analyses of all data (sets A and B combined)
staining, 71%). Associations between other prognostic variabiesmonstrated that various clinical and histologic factors, includ-
and erbB-2 alterations (with the use of either immunohistocheing the number of positive lymph nodes, tumor size, and tamoxi-
ical or molecular analysis for erbB-2) were generally similden therapy, were independent predictors of DFS and OS,
between sets A and B. Data are presented for the group at landeereas menopausal status was an independent predictor of DFS
(sets A and B combined). The erbB-2 alterations (immunohisnly [Table 3;see alsdBudman et al(12) for full discussion of
tochemical or gene amplification) were significantly associatetinical issues]. The erbB-2 immunopositivity (as a continuous
with steroid receptor negativity (ER, = .002; PRP<.001), no variable) showed an independent prognostic value for both DFS
treatment with tamoxifenR<.001), histologic tumor typeR(= and OS P = .004 andP<.001, respectively). The relationship
.005), higher tumor gradd>€.001), and a higher percentage obetween the erbB-2 immunohistochemical data and survival
cells in S phaseR = .018). Correlations between erbB-2 ex{outcomes) was stronger in the multivariate analysis than in the
pression and amplification persisted without significant differanivariate analysis, since the interaction between erbB-2 expres-
ences for sets A and B (= .45 andP<.001 for set Ay = .51 sion and CAF dose was included in the multivariate model. The
andP<.001 for set B). prognostic value of erbB-2 expression with the use of PCR-

REsuLTS

Table 1 summarizes the clinical and biologic data for all 10
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Table 2. Univariate analysis of variables associated with disease-free and overall survival in all patients enrolled in the CALGB trial 8869*

No. of Disease-free survivalt Overall survivalf

0.0

Variable patientst RRS§ 95% ClI Two-sided|| RRS§ 95% ClI Two-sided?|
CAF regimen 1013 1.19 1.06-1.33 .003 1.15 1.01-1.30 .036
Age at enrollment# 1013 1.30 1.08-1.56 .003 1.11 0.90-1.33 .37
Menopausal status 1013 1.32 1.10-1.59 .003 1.11 0.90-1.36 .35
Tumor size 1008 1.73 1.41-2.13 <.001 1.90 1.50-2.41 <.001
No. of positive lymph nodes# 1013 2.45 2.07-2.90 <.001 2.61 2.17-3.13 <.001
Histologic type 993 1.03 0.72-1.46 .88 1.04 0.70-1.54 .84
Histologic grade 993 1.20 1.00-1.45 .054 151 1.22-1.87 <.001
ER content# 998 1.08 1.00-1.18 .070 117 1.06-1.30 <.002
PR content# 964 1.16 1.08-1.23 <.001 1.24 1.14-1.34 <.001
Tamoxifen treatment 1012 1.44 1.18-1.77 <.001 1.52 1.20-1.93 .001
DNA content (ploidy) 918 1.07 0.87-1.30 .53 0.97 0.77-1.21 77
% S phase# 659 1.21 0.84-1.73 .300 1.36 0.91-2.02 .14
erbB-2 expression# 992 1.05 0.95-1.22 .31 1.11 1.00-1.28 .092
erbB-2 gene amplification 916 1.58 1.25-2.00 <.001 1.84 1.43-2.38 <.001
p53 expression# 994 1.06 0.94-1.16 .45 1.16 1.03-1.31 .025

*CALGB = Cancer and Leukemia Group B; RR risk ratio; Cl = confidence interval; CAF= cyclophosphamide, doxorubicin [Adriamycin], and 5-
fluorouracil; ER = estrogen receptor; PR progesterone receptor.

tNumber of patients indicates number with complete data. The numbers of patients’ tumors analyzed are not identical for all categories because of incomplet
or unavailable data on some cases.

fFavorable characteristics for disease-free survival were high CAF dose, older age, postmenopausal status, smaller tumor size, fewer positive lymph nodes, higt
PR contents, tamoxifen treated, and no erbB-2 gene amplification.

8§The RR compares two categories for each variable. For dichotomous variables, the RR compares the values for menopausal status (premenopausal ver
postmenopausal), size (>2 cm versg2 cm), type (other versus infiltrating ductal), tamoxifen treatment (no treatment versus treated), ploidy (aneuploid versus
diploid), and erbB-2 amplification (no amplification versus amplification). For continuous variables, we selected specific values to illustrate how to interpret the RR
for the following variables: age (40 years versus 60 years), erbB-2 expression (50% versus 0%), p53 (30% versus 0%), number of positive lymph nodes (10 verst
1), S phase (15% versus 0%), ER (20% versus 0%), PR (20% versus 0%), and CAF dose (low versus moderate dose or moderate versus high dose).

|P values are from the Cox proportional hazards model with the use of Wald’s chi-squared test.

fFavorable characteristics for overall survival included high CAF dose, smaller tumor size, fewer positive lymph nodes, lower histologic grade, higher ER and
PR contents, tamoxifen treated, no erbB-2 gene amplification, and low p53 expression.

#These variables were analyzed on a continuous scale.

derived amplification dataR<.001 for DFS andP<.001 for OS; tients whose tumors expressed low levels of erbB-2 €©%8%
models not shown) was similar to protein expression (immuneersus 65% at 8 years; DFS 69% versus 55% at 8 years).
histochemical) data. p53 was an independent marker of pgor_, .
prognosis as well{ = .035 for DFS;P = .023 for OS). Al- %naly&s of Outcomes of Sets A and B
though suggestive, the independent prognostic association beAs described in the “Subjects and Methods” section, there
tween p53 expression and DFS had marginal significance lvgere two sets of patients in this study: Set A consisted of the 397
cause it was not maintained in all models (Table 3). patients described previous(y0), and set B consisted of the
More importantly, the interaction between erbB-2 expressiorewly added 595 patients. The updated multivariate analysis of
and CAF dose (predictive value of erbB-2) was significant fdbFS for set A with a median follow-up of 10.4 years is shown
both DFS P = .001 by immunohistochemistry2 = .060 by in Table 3, B. The effect of the various covariates is similar to
PCR) and OSH<.001 by immunohistochemistr{?, = .010 by that of the combined set (A and B). With additional follow-up
PCR). The interactions between CAF dose and tamoxifen tredata, the interaction between erbB-2 expression and CAF dose
ment and between erbB-2 expression and tamoxifen treatmemais even more significant than previously reportBe.001).
were not significant in similar models (data not shown), illusMultivariate analysis of DFS for the validation set (set B) is
trating a lack of interaction between tamoxifen treatment amsthown in Table 3, C. When set B was analyzed separately, the
erbB-2 expression or CAF dose in this study. p53 interacted wititeraction between CAF dose and erbB-2 expression (measured
dose in predicting DFS = .022) but not OSR = .13). Hence, as a continuous variable) was not statistically significant. How-
for the combined set of patients (sets A and B), both erbB-2 aader, the coefficient of the interaction term had the same sign as
p53 expressions had independent prognostic and predictive Walset A, indicating that the interaction was in the same direction
ues. Interactions between CAF dose and DNA ploidy or CAR both sets. (The correlation coefficient for DFS was -.011 and
dose and S phase were not observed (data not shown). —-.001 for sets A and B, respectively; for OS, it was —.011 and
The data on the combined sets A and B are graphically dis004 for sets A and B, respectively.)
played with the use of Kaplan—Meier plots using the same cut The differences between the outcomes in set A and in set B
points as those used in our initial publication to enhance comvere striking and raised concerns about the comparability of the
parability (Fig. 1)(10). Patients who were randomly assigned towo sets of patients. To address this possibility, we analyzed
the dose-intensive (high-dose) arm of the adjuvant trial amitential differences between sets A and B. Fig. 2 shows the
whose tumors expressed high levels of erbB=50% of posi- Kaplan—Meier DFS curves for sets A and B by erbB-2 status.
tive cells) had a longer OS and DFS than similarly treated pahis figure uses a scheme to denote the 12 relevant subgroups of
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Table 3. Multivariate Cox proportional analyses of clinical and biologic variables associated with disease-free survival and overall survival in patients enrolled
in the CALGB trial 8869*

Disease-free survival Overall survival

Variable RRt 95% ClI Two-sidedPt RRT 95% CI Two-sidedPt

A) Sets A and B combined

CAF 1.03 0.88-1.19 .73 1.04 0.88-1.24 .62
No. of positive LN§ 2.62 2.20-3.13 <.001 2.67 2.20-3.25 <.001
Tumor size 1.65 1.33-2.03 <.001 1.76 1.38-2.25 <.001
Menopausal status 1.33 1.09-1.62 .006 1.02 0.82-1.28 .84
Tamoxifen therapy 1.43 1.15-1.78 .002 1.62 1.25-2.09 <.001
erbB-2 immuno§ 1.35 1.11-1.57 .004 1.49 1.16-1.82 <.001
CAF x erbB-28 — .001 — <.001
p538 1.20 1.00-1.43 .035 1.23 1.03-1.47 .023
CAF x p538§ — .022 — .13

B) Set A
CAF 1.14 0.91-1.44 27 1.10 0.85-1.41 .48
No. of positive LN§ 2.79 2.13-3.66 <.001 2.67 2.01-3.55 <.001
Tumor size 2.06 1.49-2.84 <.001 1.80 1.27-2.57 .001
Menopausal status 1.27 0.95-1.71 .105 1.01 0.73-1.39 .95
Tamoxifen therapy 1.16 0.83-1.62 .37 1.73 1.16-2.58 .007
erbB-2 immuno§ 2.00 1.49-2.56 <.001 2.00 1.49-2.69 <.001
CAF x erbB-28 — <.001 — <.001
p538 1.52 1.16-1.98 .002 1.16 0.89-1.52 .28
CAF x p538 — .006 — 43

C) Set B
CAF 1.14 0.93-1.39 21 1.01 0.80-1.27 .95
No. of positive LN§ 2.52 1.96-3.24 <.001 2.67 2.03-3.15 <.001
Tumor size 1.54 1.16-2.04 .003 1.75 1.24-2.47 .001
Menopausal status 1.23 0.93-1.63 .15 1.03 0.74-1.43 .85
Tamoxifen therapy 1.69 1.25-2.29 .001 1.60 1.14-2.26 .007
erbB-2 immuno§ 1.00 0.79-1.28 .99 111 0.82-1.49 A7
CAF x erbB-28 — .48 — 12
p538 1.09 0.86-1.39 .53 1.27 1.00-1.61 .065
CAF x p53§ — .34 — 21

*The results include erbB-2 as measured by immunohistochemistey 984, patients with data on all factors in model). Results are similar with the use of erbB-2
as measured by polymerase chain reaction amplification. CAL&Eancer and Leukemia Group B; RR risk ratio; Cl = confidence interval; CAF=
cyclophosphamide, doxorubicin (Adriamycin), and 5-fluorouracil; ENlymph nodes; erbB-2 immune- percent erbB-2 cells positive by immunohistochemistry;
CAF x erbB-2 = interactive term CAF dose 0, 1, 2 (low, moderate, high, respectively) multiplied by the percentage of erbB-2-positive cells determined by
immunohistochemistry; CAF x p53 interactive term CAF dose 0, 1, 2 (low, moderate, high, respectively) multiplied by the percentage of p53-positive cells
determined by immunohistochemistry.

tThe RR compares two categories for each variable. For dichotomous variables, the RR compares the values for menopausal status (premenopausal ver
postmenopausal), size (>2 cm versg2 cm), type (other versus infiltrating ductal), tamoxifen treatment (no treatment versus treated), ploidy (aneuploid versus
diploid), and erbB-2 amplification (no amplification versus amplification). For continuous variables, we selected specific values to illustrate how to interpret the RR
for the following variables: age (40 years versus 60 years), erbB-2 expression (50% versus 0%), p53 (30% versus 0%), number of positive lymph nodes (10 verst
1), S phase (15% versus 0%), estrogen receptor (20% versus 0%), progesterone receptor (20% versus 0%), and CAF dose (low versus moderate dose or mode
versus high dose).

TP values were determined by multivariate Cox proportional analysiglues for erbB-2 and the interaction term CAF and erbB-2 are similar regardless of
whether p53 is included or excluded from models.

§These variables were analyzed on a continuous scale.

patients—a triple code with the first letter indicating set (A oexpression by CAF dose, with the patients receiving the high
B), the second indicating dose schedule (highd, moderate=  dose exhibiting a longer DFS than the patients receiving the
M, or low = L), and the third indicating erbB-2 status (highmoderate dose among high erbB-2 expressors (logrank;
[=50% tumor cells stained] versus low [<50% tumor cellD06 for set A [high dose] versus set A [moderate dose], R_Rnd
stained]). Patients whose tumors stained low for erbB-2 hael .043 for set B [high dose] versus set B [moderate dose]; Fig.
similar DFS characteristics when categorized by dose, regardl2s®8 and D). This is supportive evidence of an interaction be-
of whether they were in set A or set B (Fig. 2, A, C, and E). Faween CAF dose intensity and erbB-2 expression.

patients with high erbB-2-expressing tumors, DFS times for the In contrast, the behaviors of the low-dose groups from sets
high- and moderate-dose groups only were nearly identical Anand B were very different in the erbB-2-expressing patients
sets A and B (Fig. 2, B and D). The 5-year DFS was 67% for s@iig. 2, F), with a 31% compared with a 63% 5-year DFS,
A and 69% for set B for the high-dose arm and 66% for set fespectively P = .002). These differences have profound ef-
and 60% for set B for the moderate-dose arm. When only tFects on the interactive term (interaction between erbB-2 expres-
patients treated with the high and moderate doses were caion and CAF dose) when sets A and B were independently
pared, sets A and B demonstrated similar interactions for erbBaalyzed: The lack of statistical significance of the interaction
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Fig. 1. Interaction of CAF (i.e., cyclophosphamide, doxorubicin [Adriamycin](72%—83%), 82% (77%—87%), and 77% (71%—82%) for CAF dose that was L,
and 5-fluorouracil) dose arm with erbB-2 expression in all patidhtslues are M, or H, respectivelyP = .048.C) DFS for high erbB-2 expression: erbB-2
derived from logrank test#\) Disease-free survival (DFS) for low erbB-2 ex- =50%; n = 88, 91, and 93; 5-year DFS (95% CH 50% (40%—60%), 52%
pression: erbB-2 <50%; B 234, 240, and 246; 5-year DFS (95% confidencé42%—62%), and 71% (68%—-85%) for CAF dose that was L, M, or H, respec-
interval [CI]) = 60% (54%—66%), 66% (60%—72%), and 65% (59%—71%) fatively; P<.001.D) OS for high erbB-2 expression: 5-year OS (95% €1)63%
CAF dose that was low (L), moderate (M), or high (H), respectivBly: .058. (52%-72%), 66% (56%—75%), and 87% (79%-92%) for CAF dose that was L,
B) Overall survival (OS) for low erbB-2 expression: 5-year OS (95%<€1J8% M, or H, respectivelyP<.001.

term (CAF dose and erbB-2 expression) in the multivariaerbB-2 expression from set A who were treated with low-dose
analysis of set B was largely due to the good performance ©AF had significantly different prognostic characteristics than
patients in that group (set B, low CAF dose and high erbByzatients in set B with high erbB-2 expression treated with low-
expression; data not shown). dose CAF. Specifically, the mean number of positive lymph

To investigate the basis of this difference, the most importambdes in the set B group with high erbB-2 expression treated
prognostic factors were compared across the 12 subgroupswih low-dose CAF was the least of all 12 subgroups (3.92). This
patients (categorized by CAF dose, erbB-2 expression, and sevés in contrast to set A patients with high erbB-2 expression
or set B; Table 4). These data revealed that patients with higho were treated with low-dose CAF; these patients had the
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Fig. 2 (see previous page)Xaplan—Meier disease-free
survival (DFS) comparison of interaction of sets A and B
within CAF (i.e., cyclophosphamide, doxorubicin [Adria-
mycin], and 5-fluorouracil) arm and status of erbB-2 ex-
pressionA) High CAF dose and low erbB-2 expression:
erbB-2 <50%; n= 94 and 152; 5-year DFS (95% confi-
dence interval [Cl])= 63% (53%—-72%) and 67% (58%—
74%) for sets A and B, respectivelR) High CAF dose
and high erbB-2 expression: erbB=250%; n = 37 and
56; 5-year DFS (95% Cl)= 78% (62%-88%) and 77%
(64%—86%) for sets A and B, respectively) Moderate
CAF dose and low erbB-2 expression:=h 96 and 144;
5-year DFS (95% Cl)= 71% (62%—-80%) and 63%
(54%—70%) for sets A and B, respectively) Moderate
CAF dose and high erbB-2 expression=n41 and 50;
5-year DFS (95% Cl)=53% (39%—-68%) and 51% (37%-—
65%) for sets A and B, respectivelif) Low CAF dose
and low erbB-2 expression: # 93 and 141; 5-year DFS
(95% ClI) = 59% (49%—-68%) and 61% (53%—69%) for
sets A and B, respectivelfr) Low CAF dose and high
erbB-2 expression: r= 36 and 52; 5-year DFS (95% CI)
= 31% (18%—46%) and 63% (50%—75%) for sets A and
B, respectively.

greatest mean number of positive lymph nodes (6.47). Set B
patients with high erbB-2 expression who were treated with
low-dose CAF were substantially different from their set A
counterpart in other characteristics as well, including fewer
premenopausal patients (27% versus 42%), larger tumor
size (60% versus 50% T2 tumors), fewer ER-positive tu-
mors (54% versu$9%), and greater tamoxifen use (37%
versus 25%). These data illustrate the complex differences in
prognostic variables between individual subgroups that may
confound outcome comparisons.

To address the overall effect of the differences in prog-
nostic variables, a prognostic index derived from the current
data was then used to quantitate the differences between the
subgroups in sets A and Bde"Subjects and Methods”
section). The prognostic index is based on a mathematical
formula that includes several factors associated with risk of
recurrence or survival (e.g., number of positive lymph
nodes). Patients with a higher index score had a worse out-
come than those with a lower index score. The mean prog-
nostic index for the entire set A was slightly larger than that
for the entire set B (4.20 versus 3.62, Table 4); however,
when the individual subgroups were compared, wide dis-
crepancies were seen. Most notably, erbB-2-positive pa-
tients treated on the low-dose arm in set B had a prognostic
index of 3.14 compared with the 4.77 in similarly treated
patients in set AR = .059, Table 4). These data indicate
that the overall prognosis of patients in set B with high
erbB-2 expression who were treated with low-dose CAF
was substantially better than that of the other subgroups.

As indicated in the “Subjects and Methods” section, we
adjusted for the effects of differing prognosis across the
groups by modifying their Kaplan—Meier survival curves.

Table 4. Patient and tumor characteristics for all cases (sets A and B) of Cancer and Leukemia Group B trial 8869

Lymph nodes

% of patients/tumors withf Prognostic index#

Set* CAF doset erbB-2% N§ Mean SH T2 Premeno Tam ER Mean SE
A L High 36 6.47 1.12 50 42 25 69 4.77 0.67
A M High 41 5.90 1.06 71 56 17 54 4.95 0.61
A H High 37 6.46 0.97 73 46 18 68 4.97 0.56
B L High 52 3.92 0.70 60 27 37 54 3.14 0.24
B M High 50 5.06 1.11 64 40 24 52 4.15 0.58
B H High 56 4.84 0.59 64 36 29 64 3.94 0.31
A L Low 93 4.55 0.52 69 44 30 65 4.00 0.28
A M Low 96 4.08 0.43 58 a7 29 72 3.69 0.25
A H Low 94 4.99 0.55 67 48 35 77 4.07 0.28
B L Low 141 4.19 0.35 68 43 40 69 3.67 0.19
B M Low 144 4.35 0.38 61 33 43 70 3.49 0.19
B H Low 152 4.34 0.43 64 35 43 68 3.56 0.23
Summary

A All All 397 5.03 0.27 65 47 28 68 4.20 0.15

B All All 595 4.38 0.21 64 36 39 66 3.62 0.11

*Set A = initial patient group (n= 397). Set B= validation patient group (= 595).
TCAF = cyclophosphamide, doxorubicin (Adriamycin), and 5-fluorouracil=Llow dose; M = moderate dose; H= high dose.
terbB-2 expression: with the use of immunohistochemical data, &igh50% tumor cells positive and low= <50% tumor cells positive.

8N = number of patients in category.
ISE = standard error.
T2 [clinical stage based primarily on tumor si&7) =

receiving tamoxifen; ER= % of tumors that are estrogen receptor positive.
#See" Statistical analysis” in “Subjects and Methods™ section for the methodology used to calculate prognostic index values.
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Fig. 3 (continues on facing page)Kaplan—Meier disease-free survival (DFS)for prognosis as described in the text; since these are derived from adjusted
curves showing interaction of CAF (i.e., cyclophosphamide, doxorubicin [Adrigurvival probabilities, it is not possible to calculate logrank statistics or confi-
mycin], and 5-fluorouracil) arms with status of erbB-2 expression. The first foulence intervals (CIsp) Set A, low erbB-2 expression: erbB-2 <50%;:=n 93,
panels(A, B, C, and D) show set A, and the second four pan@s F, G, and 96, and 94; 5-year DFS (95% C§ 59% (49%—68%), 71% (62%—80%), and

H) show set B.P values are derived from logrank tests for unadjusted curvéi8% (53%-72%) for CAF dose that was low (L), moderate (M), or high (H),
only. Within each set, the first two pangl8, B, E, and F) show unadjusted respectively;P = .053.B) Set A, high erbB-2 expression: erbB=50%; n =
survival curves. The second tW@, D, G, and H) show survival curves adjusted 36, 41, and 37; 5-year DFS (95% CH 31% (18%—-46%), 53% (39%—68%),

(Fig. 3 shows the unadjusted and adjusted curves.) As expectEs Interaction With CAF Dose

the adjustment did not substantially change the configuration of

the Kaplan—Meier curves for most of the subgroups with one Like erbB-2 expression, in the combined sets A and B, p53
major exception. After the adjustment for prognostic index, trexpression was an independent prognostic mafket (035 for
set B, high-erbB-2-expressing groups then showed that the hifhH=S, andP = .023 for OS, Table 3). p53 expression also
dose arm performed significantly better than either the modénteracted with dose to predict treatment outcome with multi-
ate- or the low-dose arm. Thus, after we accounted for the progriate analysis, although the effect was less pronounced than
nostic index, the analysis of all subgroups supports thleat of erbB-2 expression (interaction between CAF dose and
hypothesis that patients harboring erbB-2-positive tumors besrbB-2 expressior? = .001; interaction between CAF dose and
efit from dose-intensive CAF adjuvant therapy and those hg53 expression? = .022).

boring erbB-2-negative tumors do not. Further analysis suggests that the interactive effects on sur-
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and 78% (62%-88%) for CAF dose that was L, M, or H, respectivelywas L, M, or H, respectively® = .12.F) Set B, high erbB-2 expression: s
P<.001.C) Set A, low erbB-2 expression adjusted for prognosis; 83, 96, and 52, 50, and 56; 5-year DFS (95% G¥ 63% (50%—75%), 51% (37%—65%), and
94.D) Set A, high erbB-2 expression adjusted for prognosis; 86, 41, and 37. 77% (64%—86%) for CAF dose that was L, M, or H, respectivBly= .15.G)

E) Set B, low erbB-2 expression: & 141, 144, and 152; 5-year DFS (95% CI)Set B, low erbB-2 expression adjusted for prognokiys.Set B, high erbB-2
= 61% (53%—-69%), 63% (54%—-70%), and 67% (58%—74%) for CAF dose thetpression adjusted for prognosis.

vival of erbB-2 expression and p53 expression may be additittese whose tumors were p53 negative. In particular, p53- and
(Fig. 4). Patients whose tumors showed low erbB-2 expressi@nbhB-2-positive tumor patients who were treated on the high-dose
regardless of p53 status, failed to derive benefit from high- arm (n= 34) had a greater than 90% OS at 10 years compared with
moderate-dose CAF (Fig. 4, A and B; DFS curves are similar bat39% 10-year survival if treated on the low-dose arm=83).

not shown). For those tumors with high erbB-2 expression, hoWwhe number of patients in this set (high expression of erbB-2 and
ever, p53 seems to matter a great deal. Patients with high erbB&3 positive) is limited (n= 101); hence, these results should be
expression and p53-negative tumors showed differences in survia@hsidered preliminary and hypothesis generating.

by treatment arm (O = .044, Fig. 4, C; DFSP = .028, data

not shown), and patients on the high-dose arm demonstrated [(hecussION

best survival. Patients who had erbB-2-expressing tumors that also

expressed p53 and who received the moderate-dose or especiall@ur initial correlative study led to the hypothesis that the only
the high-dose CAF (Fig. 4, D) survived substantially longer thgratients who benefit from the dose-intensive CAF regimen were
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Fig. 4. Kaplan—Meier disease-free survival (DFS) curves showing interaction (5% CI) = 61% (50%—71%), 65% (53%—76%), and 59% (48%—68%) for CAF
CAF (i.e., cyclophosphamide, doxorubicin [Adriamycin], and 5-fluorouraciljiose that was L, M, or H, respectivell?, = .32. C) High erbB-2 expression
dose with erbB-2 expression and p53 expressPalues are derived from (erbB-2=50%) and no p53 expression;=a 55, 57, and 59; 5-year DFS (95%
logrank testsA) Low erbB-2 expression (erbB-2 <50%) and no p53 expressiddl) = 56% (43%—68%), 42% (30%-55%), and 69% (56%—79%) for CAF dose
(p53 = 0%); n= 157, 172, and 158; 5-year DFS (95% confidence interval [CIfhat was L, M, or H, respectively2 = .028.D) High erbB-2 expression and any

= 60% (52%—67%), 67% (59%—74%), and 68% (61%—75%) for CAF dose tha3 expression; r= 33, 34, and 34; 5-year DFS (95% C¥ 39% (25%—-56%),
was low (L), moderate (M), or high (H), respectiveR;= .11.B) Low erbB-2  70% (53%-83%), and 91% (77%-97%) for CAF dose that was L, M, or H,
expression and any p53 expression (p&B%); n = 77, 67, and 87; 5-year DFS respectively;P<.001.

those whose tumors expressed erb@2This hypothesis raised may even have a salutary prognostic or predictive value. These
the intriguing possibility that erbB-2 may be an important predata may also explain, at least in part, the differing conclusions
dictive marker for response to a specific adjuvant chemotheraglyat have been reported for erbB-2 expression and p53 expres-
On the basis of the data presented here, erbB-2 expression siod and clinical outcome when adjuvant treatment was not con-
perhaps p53 abnormalities may have value in predicting whistdered(24).

patients are likely to respond to the dose-intensive CAF regimen.Concerns were raised at the time of our initial report regard-
These data contradict the dogma that alterations of oncogemegthe short-term follow-up and reproducibility of immunohis-
always portend a worse outcome and suggest that such markechemical assays for erbB{25). In this study, the median
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follow-up of 9.3 years is considerably extended for all patientsion. Therefore, using this method, we could not confirm our
This study includes the utilization of a different anti-erbB-®riginal hypothesis. However, outcome data (DFS and OS) from
antibody (also called p185) (with no major differences observesit B (particularly patients on the high- and moderate-dose arms)
as well as independently derived erbB-2 gene amplification dasthowed the same trend as those from set A. A comparison of
Regardless of the antibody used, erbB-2 immunostaining wa®gnostic variables and constructing prognostic indices showed
highly correlated with erbB-2 gene amplification by use of thihat set B, particularly patients with high erbB-2 expression
Pearson product moment correlation £ .48; P<.001) (26). randomly assigned to the low-dose CAF arm, were not compa-
Either the immunohistochemical data or the amplification dategble to set A or combined sets A and B. This result reflects in
considered alone, had both prognostic and predictive value (gget the difficulty of a retrospective correlative study where the
amplification data not shown). Interobserver variance for quamajor factor driving the scientific question (erbB-2 status) was
tifying erbB-2 expression on the same tissues was negligibleret part of the randomization or stratification scheme. As al-
demonstrating reproducibility of immunohistochemical interpréuded to in the “Results” section, multivariate models cannot
tation. The percent of positive cell staining provided superidully account for imbalances, especially when the imbalance is
prognostic and/or predictive information compared with daitself multivariate. Given the complex drift of variables with
reflecting intensity of staining or a combined score (which takéisne during the trial, comparisons between sets A and B were
into account percent of cells stained plus intensity of stainingjifficult without appropriate adjustments.

Finally, we reassayed erbB-2 and p53 expression in sectionedWe accounted for higher order interactions among prognostic
archived tissues stored for 2-5 years and found no significaratriables by using a prognostic index correction on the Kaplan—
deterioration of antigenicity. Thus, by multiple criteria, immuMeier survival curves. When applied to set B, an advantage to
nohistochemical erbB-2 data appear to Heoaa fidereflection the high-dose arm in the high-erbB-2-expression group could
of the state of the erbB-2 expression in tumor tissues. then be discerned (Fig. 3), although, as is usually the case in

Prediction of response to treatment based on molecular macknfirmatory studie$31), the differences between the dose arms
ers is not novel. ER levels identify patients likely to respond tare less dramatic than those seen in the hypothesis-generating set
hormonal manipulation. The finding that markers can be usedAo Although the adjusted results of set B appear consistent with
predict adjuvant chemotherapy benefit has been explored oplyr earlier analyses, they are not sufficiently conclusive to war-
recently(27). Earlier studies of breast cancdB528) suggested rant unconditional acceptance of the original hypothesis for an
that erbB-2 expression was associated with poorer outcomeiriteraction between CAF dose and erbB-2 expression.
patients treated with non-doxorubicin-based adjuvant regimens,Neither S-phase nor ploidy data showed any interaction with
such as CMF (i.e., cyclophosphamide, methotrexate, and GAF dose. Interactions between CAF dose and p53 expression
fluorouracil). Comparison between our study (which used paere observed, although they were less strong than the interac-
tients treated with CAF) and these previous investigations ledtien observed between erbB-2 expression and CAF dose. Al-
to speculate that a major factor in this difference is doxorubicithough Fig. 4 suggested that the interaction between p53 expres-
To explore this hypothesis, we performed erbB-2 immunohistsion and CAF dose response was manifest only when erbB-2
chemical analysis on 159 archived tissue blocks from patiemtas co-expressed, the interaction term for p53 was significant in
enrolled in a previous CALGB adjuvant trial 80824). This multivariate models (Table 3, A) with or without erbB-2. Alter-
randomized trial, initiated in 1980, compared CMFVP (i.e., cyations of p53 or downstream effectors, such as'p2£** have
clophosphamide, methotrexate, 5-fluorouracil, vincristine, amw been shown to be associated with an improved chemo-
prednisone) with CMFVP plus VATH (i.e., vinblastine, doxoresponsiveness of breast canitevitro (32) and bladder cancer
rubicin [Adriamycin], thiotepa, and halotestin) in lymph nodein vivo (33)to doxorubicin. On the basis of our findings, we
positive patientg29). With the use of similar methods, therehypothesize an interaction between p53 expression and CAF
were no differences in outcome between the VATH and tlumse as well. The impact of a three-way interaction between
CMFVP arms in erbB-2-negative patients. VATH had an acekrbB-2 immunohistochemical expression or gene amplification,
vantage over CMFVP in erbB-2-positive patients. Moreovehjgh CAF dose, and p53 positivity in this study is provocative.
VATH improved DFS among erbB-2-positive patients to th@atients with abnormalities of both erbB-2 and p53 had a re-
level of erbB-2-negative patien{24). These data support themarkable 10-year OS of 90%. To our knowledge, this is the first
hypothesis that doxorubicin is the key drug in the interaction thagport to raise the possibility of an interaction between two
we observed between the CAF dose and erbB-2 expressiorlecular markers and a specific therapeutic regimen.

Similar interactions with erbB-2 and treatment have been re- Taken together, the work described in this article and by
ported for endometrial carcinon{&0). others using CALGB 8541 resourc€k0,24) raises the possi-

A major issue addressed in this article is whether the adthilities 1) that dose-intensive CAF chemotherapy may improve
tional patients accrued to CALGB 8869 (set B) confirm theurvival of lymph node-positive breast cancer patients with
hypothesis of interaction between erbB-2 expression and CAMbB-2-positive tumors, 2) that intensive CAF chemotherapy
dose derived from the study of patients of set A. We have pratay not benefit lymph node-positive patients with erbB-2-
vided multiple analyses in this study, including traditional uniregative tumors, 3) that this erbB-2 expression—dose interaction
variate and multivariate (Cox proportional hazards regressianpy be specific to doxorubicin, and 4) that the erbB-2 expres-
models of combined sets A and B as well as set A and sets®n—CAF dose interaction may be modulated by other molecu-
individually. Using the same multivariate model applied to set Br markers that interact with therapy, such as p53. Because the
as applied to set A, we were unable to identify a statisticallgnpact of erbB-2 and p53 on chemotherapeutic efficacy was not
significant interaction between CAF dose and erbB-2 exprafe primary end point for this study, these results should not be
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