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ABSTRACT

Background and study purposes: firstly, to evaluate whether the benefits of combined chemotherapy (CT) and
Tamoxifen (T), previously documented in the GROCTA-01 Trial, were long-lasting and, secondly, to show whether
ER or PgR levels could allow the identification of patients who could benefit from T alone.

Patients and methods: 504 node-positive, ER-positive, women were randomly assigned to 10 CT courses or to 5 years
of T or to the combination of the two (CTT). Disease-free (DFS) and overall survival (OS) were the primary trial-
endpoints. DFS data were updated in 75% of patients and S data in 95% of them. Cox regression models were used to
check for prognostic features, to estimate Hazard Ratios (HRs) for treatment comparisons and to test for possible
interaction between variables and treatment effects. Interactions between treatments and ER or PgR median levels were
studied with the Sub-population Treatment Effect Pattern Plot (STEPP) methodology.

Results: after a median follow-up time of 21 years, the DFS and OS benefits, previously favouring T over CT,
continued to be observed, even though they were more evident in the first 6-7 years. The CTT advantages of DFS and
OS over T alone were also confirmed. However, the additional benefit was limited to the first 10-12 years as S curves
crossed-over afterwards. After STEPP analysis, neither ER or PgR concentrations fully discriminated the patients who
could benefit from T alone.

Conclusions: even after such a long follow-up time, we have demonstrated that T is an effective alternative to CT for
node-positive, ER-positive, breast cancer patients, regardless of their actual menopausal status, and that the additional

benefit, especially on late survival, provided by the addition of CT to this anti-oestrogen, was minimal.
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Introduction

The combination of chemotherapy (CT) together with Tamoxifen (T ), or aromatase inhibitors in post menopause, is the
present paradigm to manage node-positive, ER-positive early breast cancer patients [1], though there is increasing
evidence that endocrine manipulations alone might possibly represent an appropriate treatment for selected groups of
these women [2-4].

Several individual trials and large meta-analysis have contributed to the building-up of the present state of art [5-12].
The GROCTA 01-Trial is one of the trials which concurred to this task. In fact, the original trial aim was to investigate
whether in ER-positive women, T might represent a valuable alternative to CT (the standard at the time the trial was
designed) and whether the co-administration of the two would provide additional benefits. Herein, we report the 25-year
results of our trial with two major aims: 1) to show the long-term outcomes, both overall and in pre-defined groups, in
order to evaluate if early benefits achieved by CTT persisted, also after such a prolonged follow-up time; and- 2) to
show treatment outcomes according to quantitative ER or PgR levels in order to assess whether it could be possible to

define, though on a retrospective basis, the preferable therapeutic choice according to tumor-receptor concentrations.

Methods

Patients and procedures

The GROCTA 01 Trial was a phase 3, open-label, parallel-group randomised controlled trial.

Details about study design, assigned treatments and main results have been previously published [6,13]. Five hundred
and four, 35-65 year old patients with node-positive, ER-positive tumors and no evidence of distant metastases were
recruited. Patients were well-balanced according to median age at entry, menopausal status, treatment of primary (either
radical mastectomy or segmental mastectomy followed by breast irradiation), tumor size and number of involved nodes.
Within 6 weeks from mastectomy, patients were randomly allocated to ( according to a 1:1:1 ratio), and administered
one of the three following treatments: (1) T: 10 mg orally three times per day for 5 years or until disease relapse; (2)
combination chemotherapy (CT) with the following regimens: cyclophosphamide 500 mg/m? plus methotrexate 40
mg/m? and fluorouracil 600 mg/m* (CMF) for a total of 6 courses, followed by epirubicin 75 mg/m? for another 4
courses. All drugs were given intravenously (1V) every 3 weeks. In the case of myelotoxicity occurring, drugs dosages
were not reduced but treatment restart was usually delayed for 1 or 2 weeks until recovery; or-(3) a combination of both

treatments (CTT) according to the same dosages and schedules.



Patients were informed about the experimental nature of this trial which had been approved by the Human
Investigations Committee of the National Cancer Research Institute of Genoa, Italy, in line with Italian | Legislation of

that time.

Hormonal receptor assay

Tumor-ER concentration was measured using the standard dextran-coated charcoal technique and a cut-off value equal
to 10 cytosol fmol/mg of protein was arbitrarily chosen to define the positivity of the assay and to select the patients
who were suitable for recruiting into the trial. PgR assay was not mandatory, though it was performed almost in all

patients according to the same technique. No entry restrictions were planned on the basis of PgR concentration.

Trial end-points
Disease-free survival (DFS), -defined as the time from randomization to local-regional recurrence, recurrence in the
omo-lateral breast, distant metastases and contra lateral breast cancer, as well as overall survival (OS), defined as the

time from randomization to any death, were the major trial end-points.

Follow-up studies and data collection

Patients were clinically examined every 3 months for the first 3 years, then every 4 months until the fifth year. A
clinical check-up every 6 months was planned thereafter for a further 5 years. During the first five years, blood counts
were repeated every 3 months, chest x-rays every 6 months and a yearly bone scan A mammography was also repeated
every year. Chest tomography, liver scan and/or ultrasonography and all other investigations were carried out whenever
deemed necessary by the patient’s physician. Beyond the 10" year, follow-up was continued at the discretion of local
investigators or the patients’ requirements, though commonly a mono- or bilateral mammogram was obtained on a
yearly basis.

For the purposes of the present analysis, information about the patients’ status was obtained from consulting the flow
charts of the women still being followed up. The vital status of women who discontinued their attendance to the
outpatients clinics for more than one year or who had not been able to have a follow-up in the more recent years, was
checked directly by phone call or by consulting local tumour registries or the registry office of a patient’s place of
residence.

It was possible to update DFS data for 75% of patients and S data for 95% of them.



Whenever possible, causes of death were recorded in detail. However, the cause of death was unknown for 45 patients.
In these cases, we arbitrarily choose to include the deaths occurring after documented disease-relapse among breast
cancer-related deaths while all other lethal events were defined as breast cancer-unrelated.

All data were collected through appropriate CRFs and centralized at the Clinical Trials Unit of the Coordinating Center.

Sample size calculation

On the basis of literature data available at the time the study was designed, a 5-year disease recurrence rate of 40-50%
was calculated for the patients assigned to CT. Because it was expected that the addition of Tamoxifen to chemotherapy
would reduce this rate by about 20%, it was estimated that for an alpha error =5% and a beta error =20%, 100 patients
per arm would provide the trial with an adequate statistical power to detect the superiority of CTT over CT under
previous conditions. Due to it not being possible to reliably predict the outcome of T alone (as findings with T
monotherapy available at that time were very preliminary and had been obtained from a mixed population of ER-
positive and ER-negative patients), it was arbitrarily deemed that a comparable number of patients (i.e. 100) would be
adequate to show non-inferiority of T, in respect to CT alone. However, to be prudent, predicted recruitment was

augmented by 50% for each arm.

Statistical analysis

DFS and S curves were constructed using the Kaplan-Meir method and treatment effect comparisons were obtained
through the log-rank test [14]. Cox proportional hazards regression models [15] were used to check for prognostic
features, to estimate Hazard Ratios (HRs) and 95% confidence intervals (Cls) for treatment comparisons, as well as to
test for interaction between variables and treatment effects. Menopausal status at trial entry, tumor (t) size, hormone
receptor levels and the number of involved nodes were included in the models. Hazard Rate curves for time to
progression or death were smoothed by use of an Epanechinikov kernel with optimum bandwidth chosen by cross
validation (STATA 9.0 sts graph command) [16]. Cumulative-incidence estimates for breast cancer-related and breast
cancer-unrelated deaths were performed to check for competing risks. The difference between cumulative incidence
curves in the presence of competing risks was tested using Fine and Gray’s test [17].

Interactions between treatments and ER or PgR median levels (in fmol/mg of proteins) were studied by means of the
non-parametric STEPP (Sub-population Treatment Effect Pattern Plot) methodology.

For this STEPP analysis, each sub-population contained approximately 100 patients and each subsequent sub-

population was formed by moving from left to right, dropping approximately 5 patients with the lowest values of ER or



PgR and adding approximately 5 patients with the next higher values of ER or PgR (SAS 9.2). Treatment effects
estimated within each ER or PgR sub-group level were measured in terms of HRs obtained from Cox models [18].
All probability values were obtained from two-sided tests. All statistical tests were carried-out using SPSS package

(version 18.0), SAS (version 9.2), R(version 2.9.2) and STATASE10.

Results

Trial recruitment started on November 1, 1983 and was terminated on June 30,1987, having largely achieved the
predicted size. In total, 510 patients were entered into the study. Six patients were excluded from the trial because they
were entered by a Center that was withdrawn due to it not providing any additional patient information after
randomization.

All the remaining 504 randomized patients (CT=165; T=168 ; CTT 171) have been included into the analysis for the
intention to treat method. The main characteristics of these patients are summarized in Table 1.

At a median follow-up time of 21 years (range: 0.5-26 years), -overall-, 316 patients developed a well-documented
disease-related event and 352 died. Fig. 1 and 2 show DFS and S curves in all patients and in each menopausal sub-
group. Even after such a long follow-up time, both T and CTT were confirmed to yield significantly better DFS results.
However, the differences in respect to CT alone were more evident in postmenopausal women. In fact, there were no
major differences between groups in pre-menopause. Comparably, T and CTT fared better than CT alone also relative
to OS, while again no significant differences emerged between the two in this regard. The smoothed hazard estimates
(Fig. 3) show, in addition, that the advantage favouring T, either alone or combined with CT, over CT alone, was quite
exclusively confined to the first 6-7 years both in terms of DFS and of OS. No significant differences in the hazards of
disease-progression or death were evident from Year 11 to Year 25.

CTT also confirmed to yield better DFS results than T alone, especially during the first 10-12 years and especially in
post-menopausal women. However, there was no statistically significant difference between the two. Comparably, there
was also no statistically significant difference between the two relative to OS. In fact, no difference at all between CTT
and CT, even at 25 years of follow-up, was evident in menopausal women (Fig 2c). .Noteworthy is the fact that the S
curves of the patients assigned to T or CTT crossed over between Year 10 and Year 12. In order to better investigate S
curve cross-overs, competing risk analysis was performed according to causes of death as previously defined (Fig. 4). It
is also worth noting that both cancer-related and cancer-unrelated deaths increased overtime. However, while there was
no difference in breast cancer-unrelated mortality within the groups, breast cancer-related mortality risk was

significantly higher for the patients initially assigned to CT and maintained so, even long term.



Finally, there was no statistically significant difference in treatment interactions according to the number of involved
nodes relative either to DFS or to OS (data not shown).

It should be noted that all outcome results provided have been adjusted for menopausal status at entry (pre vs. post), the
number of involved nodes (1-3 vs. > 3), t size (< 2cm vs. >2 c¢cm) and median PgR level (<=55 vs. >55 fmol/mg). As
shown in Table 2, all previous variables and assigned treatment were statistically significant predictors, both for the
DFS (all variables except menopausal status) or for the OS (all variables) of the whole cohort of patients. In contrast to
PgR levels, which were prognostic even when the positivity threshold was arbitrarily fixed at a value of 10 fmol/mg
(similarly to ER), the ER levels were not prognostic at all, regardless of the cut-off level employed.

As previously described, non-parametric STEPP analysis was used to better define the putative value of ER or PgR
quantitative levels in selecting the patients who might derive the greatest benefit from combining CT together T. As
shown in Fig. 5a, which shows the STEPP data relative to DFS, the addition of CT to T appeared to benefit the patients
with the lowest and the highest ER values, whilst providing no sustained benefit in the patients with intermediate
values (between 40 and 100 fmol/mg). However, differences between treatments were not statistically significant at any
point, except for the sub-group of patients with a median ER value equal to 172 fmol/mg (p<0.04). The situation was
somewhat different relative to OS (Fig. 5b). In fact, the addition of CT to T appeared to produce a slight benefit only in
women with lower ER or PgR values, while it did not show to produce any benefit at all in the women with ER or PgR

values above 50-60 fmol/mg, though again differences were not statistically significant.

Discussion

Compared to present standards, our study has several limitations which result in the necessity of using caution before
transferring the findings of the present analysis to today’s clinical practice. Firstly, the study is to be considered
undersized. We can say that 500 patients were a respectable number in 1983 when the trial was open to recruitment but,
nowadays, this number qualifies the trial as a small one in respect to present day standards, though the predicted
recruitment was largely achieved. The small size, in fact, renders the trial unpowered in respect to sub-group analysis.
An additional objection might be that the CT regimen used by us is not likely to completely fit the canons of modern
chemotherapy, even though it included an anthracycline. The choice to deliver T concurrently with CT might also be
questionable according to present recommendations which suggest the use of T at the completion of CT [1]. However,
this issue is still controversial, especially in respect to pre-menopausal women, and there is no definite proof as yet that
sequencing CT with T might be more appropriate than giving the two concurrently [19,20]. In spite of its limitations,

our trial has the strength of a very long follow-up and of adopting a “modern” design based on the use of an appropriate
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T scheduling (5 years) and of ER positivity as a criterion to prospectively select the patients suitable for the
comparisons on study.

This long-term analysis clearly shows that the significant advantage of T over CT persisted throughout the years.
However, the magnitude of the effect differed in the two menopausal sub-groups. In fact, there was no significant
difference either in terms of DFS or of OS between CT and T among pre-menopausal women. Findings were different
in post-menopausal women and, in fact, the patients assigned to T showed a huge advantage over those assigned to CT,
which, once again, maintained itself over-time, up to the 25" year, thus definitively confirming that endocrine therapy,
namely T, should represent the mainstay to manage ER-positive post-menopausal women, regardless of the severity of
nodal involvement. Moreover, the analysis of smoothed hazard estimates clearly indicates that the benefit achieved by
T and CT, respectively, differ mainly during the first 6-7 years with, the risks maintaining the same degree in size
thereafter, up to Year 25. There is fairly clear evidence now that ER-positive tumors might be less sensitive to adjuvant
CT, while they are obviously expected to respond very well to endocrine manipulations [12,21]. Therefore, in spite of
the well-documented carry-over effect both of T and of CT [12], which is also clearly demonstrated by our own
present findings, it appears that the different chemo- and endocrine sensitivity of E- positive women might play a more
relevant role in determining early, rather than late, outcomes.

Given that T is not inferior to CT, rather it comes out as the favourable “winner” over CT from pair wise comparisons,
even after such a long follow-up time, the question remains as to whether the addition of CT was able to further
improve the results and whether the benefit observed is so relevant to identify the combination as the advisable
standard for all node-positive women.

If we look at the results achieved by combined treatment in respect to DFS, we see that the addition of CT to T was able
to induce a small advantage which resulted in being roughly the same size in the whole cohort of women and in each
menopausal sub-group. This is strongly supportive of the fact that the lack of statistical significance in our trial is likely
to be due to an effect of its small size. However, this additional benefit appears to be limited to the first years and to
diminish over time. This trend also comes out from the analysis of smoothed hazard estimates. In fact, this analysis
shows an advantage favouring the combined treatment only during the first years. This might reflect the putative effect
of CT in controlling primary resistance to T, a condition which has been described for selected groups of tumors also in
the presence of ER or PgR positivity [22]. Relative to S, the tendency of curves towards crossing after a few years in the
whole groups is likely to mainly reflect the tendency observed in pre-menopausal women. It is not so easy to explain
the observed trend towards crossing. However, competing risk analysis of deaths appears to rule out that it might be
related to the different incidence of breast cancer-unrelated deaths between groups. Once again, regardless of the

mechanisms involved, it is a fact that, overall, the combination of CT with T did not improve the long term results
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achieved by T alone, especially in post-menopausal women, where the early DFS benefits achieved by the combination
did not translate into a mortality advantage at any time.

In view of the limited benefit provided by the addition of CT to T in ER-positive patients, especially in post-menopause,
it would be advisable to be able to discriminate a priori the women who might be safely managed by endocrine therapy
alone. Through the STEPP analysis of our data, we tried to see whether quantitative ER or PgR values might help in
discriminating such patients, especially in respect to their survival expectation. Indeed, the addition of CT to T did not
appear to benefit the women with ER or PgR values above 50-60 fmol/mg at all. However, overall differences were not
statistically significant. Thus ER or PgR quantitative levels do not appear to be completely affordable to indicate which
women could be safely managed through T alone and additional bio-molecular predictors of endocrine responsiveness
are probably required. The results reported on by Albain et al. [4] suggest that this might be the case. Albain’s trial
compared CAF vs. CAF plus T given concurrently vs. CAF followed by T in a population of node-positive, ER-positive
post-menopausal women, demonstrating that the patient-subset with high ER concentration and HER-2 negative
disease did not benefit further from CAF added to T. More recently, these investigators have reported on the predictive
value of the 21-gene recurrence score (RS) assay originally described by Paik et al. [23] as being able to predict the
benefit from CMF added to T in a group of ER-positive, node-negative women. In summary, no significant benefit,
either in terms of DFS or of OS, was achieved by combining CAF with T in the low or intermediate RS sub-groups
[24]. However, these investigators themselves conclude that prospective studies with larger samples sizes are essential
to confirm the value of bio-molecular characterization and of multi-gene assays in establishing who benefits most from
modern endocrine therapy and chemotherapy [24].

In conclusion, we have confirmed that, even after such a long follow-up time, T demonstrated to represent an
effective alternative to CT for node-positive, ER-positive, breast cancer patients, regardless of their actual menopausal
status, and that the additional benefit, especially on late survival, provided by adding CT to T, was minimal. Thus,
especially in post-menopausal women, the early benefits which might be expected from the addition of CT to T should

be balanced with the low, if any, probability of a late mortality advantage.
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Figure-legends

Fig.1: Kaplan-Meier estimates of Disease-Free Survival; a): all patients; b): pre-menopausal patients; c): post-
menopausal patients.
HR= Hazard Ratio; 95 % CIl= 95 % Confidence Interval

CT= Chemotherapy; T= Tamoxifen; CTT= Chemotherapy + Tamoxifen

Fig.2: Kaplan-Meier estimates of Overall Survival; a): all patients; b): pre-menopausal patients ;
C): post- menopausal patients.
HR= Hazard Ratio; 95 % CI=95 % Confidence Interval

CT= Chemotherapy; T= Tamoxifen; CTT= Chemotherapy + Tamoxifen

Fig.3: Smoothed hazard rate curves; a): Disease-Free Survival; b): Overall Survival.

CT= Chemotherapy; T= Tamoxifen; CTT= Chemotherapy + Tamoxifen

Fig.4: Cumulative Incidence curves adjusting for Competing Risk
CT= Chemotherapy; T= Tamoxifen; CTT= Chemotherapy + Tamoxifen

Adj = adjusted for: pT, Nodes, menopausal status , PgR concentration <55 fmol/mg

Fig.5: Stepp showing Cox model Hazard Ratios (T vs. CTT) according to quantitative ER (a: DFS; b: OS) or PgR (c:
DFS; d: OS) median tumor concentrations. Horizontal dashed lines: no difference between treatments (HR=
1,0); horizontal dotted lines: observed treatment difference for the overall population. Solid circles lines: HRs
for each-one of the sliding-window sub-populations; bands around these points: simultaneous (across all sub-

groups) HR 95% confidence intervals.
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Table 2 Multivariate Analysis of Disease Progression or Mortality: all patients

Disease Mortality
Progression
HR (95% ClI) p< HR (95% CI) p<
Treatment
CT 1 0.004 1 0.04
T 0.74 (0.57-0.98) 0.03 0.72 (0.56-0.94)  0.015
CTT 0.64 (0.49t00.84) 0.001 0.79 (0.61-1.01) 0.06
Menopausal status
Table PPatient Characteristics 1 0.9 1 0.01
Post 1.01 (0.79-1.29) Treatment a3ty  (1.06 -1.70)
T CT CTT
No. of involved nodes |
<3 1 0.000 1 0.000 [
To >3 247 (1.97-3.09) 2.21 (1.79 - 2.74)
Mg
Planmoepdusglcm 79 47.1 81 49.1 77 45.1
Posthenopausal 1 89 529 0.00084 1 509 94 0.0084.9
>2 1.53 (1.21-1.95) 1.54 (1.23-1.93)
Treatment of primary
1ER fm/mg
<55 1 0.4 1 0.7
>55 1.09 (0.86-1.39) 1.04 (0.83-1.31)
TuUimyrss
;%Z%f fm/mg , 60 857 100060 ;369 63 0 0@@.8
3%55 0.64 9; (050 - o.%g 992 0.65 52:2 (052 - ﬂfgl) 3'“15
pT4 3 1.8 2 1.2 1 0.6
missing - - 1 0.6 - -
Nodal status
<3 96 57.1 88 53.3 106 61.9
>3 72 42.9 77 46.7 65 38.1

HR= Hazard ratio; * numbers represent median ER or PgR concentration in all patients; 2 HRs according to a PgR cut-

off level of 10 fm/mg: >10 vs < 10: Disease Progression: 0.73 (0.55-0.97, 95% CI) p< 0.000; Mortality: 0.65 (0.48-

0.89, 95% CI) p< 0.006

14



g~

Click her?i: gdovTéoad Figure: DFS Fig. 1A,1B,1C.ppt

% Disease Free

100,0

80,0

60,0

40,0

20,0 4

0,0

No of No of
patients Events

CT 165 112
T 168 103

HR (95% CI)

1
0.74 (0.57-0.97)

0.64 (0.49-0.84)

P=

0.005
0.03
0.001

, T—

CT

| | TR O T, T R T O S O YL T .
1 2 3 4 5 8 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28

Years

15



Fig. 1b
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Annual hazard rates of death
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Abstract: Background and study purposes: firstly, to evaluate whether the benefits of combined
chemotherapy [CT) and Tamoxifen (T), previously documented in the GROCTA-01 Trial, were long-
lasting and, secondly, to show whether ER or PgR levels could allow the identification of patients who
could benefit from T alone.

Patients and methods: 504 node-positive, ER-positive, women were randomly assigned to 10 CT
courses or to 5 vears of T or to the combination of the two [CTT), Disease-free (DFS) and overall
survival [05) were the primary trial-endpoints. DFS data were updated in 75% of patients and S data in
95% of them. Cox regression models were used to check for prognostic features, to estimate Hazard
Ratios [HRs) for treatment comparisons and to test for possible interaction between variables and
treatment effects. Interactions between treatments and ER or PgR median levels were studied with the
Sub-population Treatment Effect Pattern Plot (STEPF) methodology.

Results: after a median follow-up time of 21 years, the DFS and 05 benefits, previously favouring T
over CT, continued to be chserved, even though they were more evident in the first 6-7 years. The CTT
advantages of DFS and 0S over T alone were also confirmed, However, the additional benefit was
limited to the first 10-12 years as S curves crossed-over afterwards. Afrer STEPP analysis, neither ER.
or PR concentrations fully discriminated the patients who could benefit from T alone.

Conclusions: even after such a long follow-up time, we have demonstrated that T is an effective
alternative to CT for node-positive, ER-positive, breast cancer patients, regardless of their actual

of CT to this anti-oestrogen, was minimal.
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