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Abstract. Aim: To evaluate the relative activity of the
sequential administration of doxorubicin and cyclophosphamide
(AC) followed by docetaxel alone, as primary systemic therapy in
patients with breast cancer, using an in vivo chemosensitivity
predictive assay. Patients and Methods: Patients with stage I11-
III breast cancer received two cycles of AC (60/600 mg/m? every
3 weeks) followed by two cycles of docetaxel (100 mg/m? every 3
weeks). All patients underwent comprehensive breast imaging
prior to chemotherapy, after two AC and after docetaxel. Results:
Forty-two patients were accrued and evaluated by intention-to-
treat analysis. After two cycles of AC, the median tumor
shrinkage was 18.3%, whereas treatment with docetaxel
provided an additional median tumor shrinkage of 34.2%.
Pathological complete remission was observed in 5 patients
(11.9%), whereas 26 patients (61.9%) experienced a partial
response. Conclusion: The relative contribution of docetaxel to
tumor mass reduction seemed to be greater than that of AC.
However, the slow rate of tumor shrinkage observed may
indicate that the activity of the first 2 cycles of AC is carried over
into the part of treatment with docetaxel.

The use of primary systemic therapy (PST) was first
introduced into clinical practice in the 1970s, with the aim
of achieving operability in patients with locally advanced
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inoperable breast cancer (1). Subsequently, in the late
1980s, it was also proposed for the treatment of large
operable breast cancer with the aim of improving the rate
of breast-conserving surgery (1). The growing popularity of
PST led to comparative studies of the same regimen given
before or after surgery. These trials did not show significant
differences in disease-free or overall survival (2-6) between
the approaches, thereby supporting the use of PST as an
alternative to adjuvant chemotherapy for patients with
operable breast cancer enabling less extensive surgery.

There are two potential advantages to PST. First, the
activity of the agents to be used as adjuvant treatment may
be tested in vivo and translational studies may strengthen
this approach towards the individualized selection of
therapy (7-9). Second, the observation that the response to
PST may positively correlate to disease-free survival and to
overall survival suggests the adoption of pathological
complete response (pCR) rate as an early surrogate
endpoint in clinical trials (2,10,11).

In the advanced setting, doxorubicin and docetaxel are
among the most effective agents against breast cancer
(12,13). In addition, the evidence that the two drugs are
only partially cross-resistant (14-16) has supported the
development of new regimens containing the combination
or sequence of anthracycline and docetaxel in the adjuvant
(17,18) as well as in the neoadjuvant setting (19,20).

Since solid tumors are generally sensitive to
chemotherapy during the first few cycles of treatment, we
thought that giving two cycles of AC and then 2 cycles of
docetaxel would have allowed us to determine, in a
reasonable time, their different activity. The knowledge of
the relative contribution of AC and docetaxel to the overall
tumor shrinkage of the entire neoadjuvant program may
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serve as a guide to the individualized selection of the best
agent to be used adjuvantly, if needed.

Patients and Methods

Female patients, aged 18-75 years, with histologically confirmed
invasive breast carcinoma and minimum tumor diameter = 2 cm
by physical examination or breast imaging (mammography and/or
ultrasound and/or magnetic resonance), were eligible for the study.
Preoperative histological diagnosis, hormonal receptor status by H-
score (21) and tumor grade (22) were evaluated on 14-gauge core
biopsy. The other eligibility criteria were as follows: performance
status < 2 according to the Eastern Cooperative Oncology Group
scale, adequate bone marrow function, liver function (AST and
ALT =< 2.5 times the upper normal limit [UNL] and alkaline
phospatase < 3 times the UNL) and kidney function (creatinine),
normal left ventricular ejection fraction (LVEF) by bi-dimensional
echocardiography at rest, no evidence of metastasis at baseline by
bone scan, liver ultrasound and two-view chest X-ray, no previous
treatment for breast cancer, no previous or concomitant
malignancy, absence of symptomatic grade = 2 peripheral
neuropathy, no contraindications to corticosteroid therapy and
adequate non-hormonal contraception therapy for premenopausal
women. Four centers were involved in the recruitment and
treatment of patients.

In order to evaluate antitumor activity, maximum tumor size was
estimated by a triple assessment (mammography, ultrasound and
magnetic resonance) before the start of preoperative
chemotherapy, then after two and four cycles of preoperative
chemotherapy.

All the procedures followed during the study were in accordance
with the Helsinki Declaration (1964, amended in 1975 and 1983)
of the World Medical Association. Written informed consent was
obtained from all participants before enrolment in the study.

Treatment. Patients were treated sequentially with two cycles of AC
(doxorubicin 60 mg/m? by intravenous bolus and cyclophosphamide
600 mg/m? by intravenous bolus q21 days), followed by two courses
of D (docetaxel 100 mg/m?2 by 1-hour intravenous infusion 21
days) as upfront preoperative chemotherapy. Oral prednisone
(50 mg) was administered 12 h and 1 h before therapy, as well as at
12, 24 and 36 h after therapy with docetaxel. Complete blood count
was determined on day 1 of each cycle and treatment was
permitted if the absolute neutrophil count was > 1,500/mm3 and
platelet count > 100,000/mm3. Treatment administration was
delayed for up to 1 week in the event of neutropenia,
thrombocytopenia or mucositis = grade 2. The use of G-CSF was
allowed as prophylaxis in patients who developed febrile
neutropenia, or for treatment delay of more than one week for
neutropenia. If the patient experienced neutropenic fever, the dose
of all drugs at the subsequent cycle was reduced by 25%. Patients
experiencing a hypersensitivity reaction to docetaxel were treated
with AC for two additional cycles before surgery. The dose
intensity of each drug was calculated by dividing the total dose
(mg/m?) administered by the time on treatment (weeks). According
to an intent-to-treat analysis, cycles that were not given because of
patient withdrawals were accounted for by considering 21 days of
treatment and a 0 dose of each drug.

Following PST, patients underwent breast surgery that consisted
of breast-conserving surgery (quadrantectomy) if the residual
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tumor size was < 2.5 cm, or modified radical mastectomy if the
tumor size was = 2.5 cm. Surgery was performed approximately 21-
35 days after the last (fourth) cycle of preoperative chemotherapy.
Decisions about adjuvant therapy were left at the discretion of the
investigator and based on standard guidelines. However, as
suggested by the protocol, the choice of adjuvant chemotherapy
(anthracycline-based vs docetaxel-based therapy) should be tailored
on the basis of relative clinico-radiological response to preoperative
chemotherapy as well as toxicity experienced by the patients during
the different parts of the neoadjuvant treatment. Hormonal
therapy with tamoxifen 20 mg/day for 5 years was given to patients
presenting hormone receptor-positive tumors, as evaluated by
immunohistochemistry on core biopsy. Patients undergoing
quadrantectomy received standard radiotherapy to the remaining
breast. Decisions about postmastectomy radiotherapy of the chest
wall (with or without regional lymph nodes) were taken on the
basis of tumor size before starting PST. The validity of this
approach was confirmed in a recently published study (23).

Statistical analysis. Although the primary endpoint of this study was
to evaluate the relative activity (% tumor shrinkage) of AC and
docetaxel given in a sequential fashion, as PST in patients with
breast cancer (observational study), we linked the sample size
calculation to the clinical activity of the entire neoadjuvant
program in order to protect our patients from unexpectedly low
activity. The rate of pCR was used as an indicator of activity. We
used the Simon’s two-stage design that tested the null hypothesis
(HO; the true pCR rate is < 5%) versus the alternative hypothesis
(H1; the true pCR is = 20%). With this assumption, the alpha level
of the design (i.e., the probability of rejecting the null hypothesis
when true) was 0.05 and the power 0.9. For a total of 38 required
patients, 29 would be accrued during stage 1 and 9 during stage 2.
Given a ‘true’ response probability of 5%, there was a 57.08%
probability of ending the study at stage 1. On the other hand, if the
‘true’ response probability was 20%, then there was a 1.28%
probability that the trial was stopped at stage 1. If 1 or fewer pCR
were observed during the first stage, then the study would be
stopped early. If 4 or fewer pCR were observed by the end of the
study, then no further investigation of the drug would be
warranted. Taking into consideration 10% potential drop-outs, the
study enrolled a total of 42 patients. For percentages relative to
response rates, 95% exact binomial confidence limits (95%CL)
were calculated.

Association between categorical variables were evaluated by
using the Chi-squared test or Fisher’s exact test as appropriate. The
non-parametric Kruskall Wallis one-way analysis of variance was
used for comparison of multiple groups with ordinal data.

All patients were evaluated for efficacy and toxicity on an
intention-to-treat analysis.

Assessment of response. Serial imaging (mammography and/or
ultrasound and/or magnetic resonance) evaluation of tumor size
was performed before PST (baseline), after two cycles of
chemotherapy and after the fourth cycle of chemotherapy. Tumor
size was calculated by uni-dimensional measurement of the
maximum diameter of each tumor. Tumor shrinkage after two
cycles was calculated as the difference between the maximum
tumor diameter at baseline and the maximum tumor diameter after
two AC/ the maximum tumor diameter at baseline x 100. Tumor
shrinkage after four cycles was calculated as the difference between
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Table 1. Patient and disease characteristics at baseline.

Patients (n=42)

Patient characteristic No. %

Menopausal status
premenopausal 26 62
postmenopausal 16 38

ECOG performance status

Median 0 100
Histology

ductal 34 81

lobular 5 12

mixed ductal lobular 3 7

Clinical tumor status

T1 0 -
T2 30 71
T3 12 29

Maximum radiological diameter (mm)
Median 35
Range 16-70

Maximum clinical diameter (mm)

Median 40
Range 18-90
Palpable axillary nodes 20 48

Estrogen receptor

positive 23 55
negative 17 40
unknown 2 5

Progesterone receptor

positive 19 45
negative 21 50
unknown 2 5

Tumor grade on core biopsy

G1 2 5
G2 22 52
G3 12 29
unknown 6 14

the maximum tumor diameter at baseline and the maximum tumor
diameter after PST/ the maximum tumor diameter at baseline x
100. The tumor shrinkage obtained with the last 2 cycles of PST
was calculated as the difference between the maximum tumor
diameter after two AC and the maximum tumor diameter after two
cycles of docetaxel/ the maximum tumor diameter after two AC.
According to the RECIST (response evaluation criteria in solid
tumors) categories (24), responses after the entire treatment were
classified as complete response (CR: tumor shrinkage=100%),
partial response (PR: tumor shrinkage = 30%) and no response
(NR: tumor shrinkage < 30%).

The modified Chevallier’s classification (25) was used for detailed
pathological response evaluation: Category 1: disappearance of all
tumor either on macroscopic or microscopic assessment; Category
2: presence of in situ carcinoma; Category 3: presence of invasive
carcinoma with stromal alteration, such as sclerosis or fibrosis;
Category 4: no or few modifications of the tumor appearance.

Results

Patient characteristics. From December 1999 to December
2002, 42 patients (median age 47.5 years, range 26-67) with
breast cancer = 2 cm entered the trial. The main patients’ and
tumor characteristics are reported in Table I. Pretreatment
radiological tumor size averaged 38.6 mm and clinically-
positive axillary nodes were observed in 20 patients (48%).
Treatment administration. In total, 164 cycles of
chemotherapy (87 of AC and 77 of docetaxel) were
administered during the study. The median dose intensity
of AC was 20/200 (range 15-20/150-200) mg/m?/week. The
median dose intensity of docetaxel was 33 (range 0-33)
mg/m?/week. Four patients after the first cycle of AC
required one-week delay in treatment because of
neutropenia and one patient required a 25% dose
reduction of the second cycle of AC because of previous
febrile neutropenia. Two patients refused further
chemotherapy after 2 AC and underwent anticipated
surgery because of anxiety. In one patient, clinical tumor
progression was observed after the first cycle of AC and
treatment changed to three cycles of docetaxel. Two
patients experienced hypersensitivity reaction during
docetaxel: the taxane was discontinued and two additional
cycles of AC were given.

Efficacy. The median tumor shrinkage after the PST was
48.3% (range —66.6-100, 25th-75th percentiles 32.6-79.16),
with a median tumor shrinkage of 18.3% after the first two
cycles of AC (range 0-100, 25th-75th percentiles 14.3-33.3).
Treatment with docetaxel provided an additional median
tumor shrinkage of 34.2% (range—426.3-100, 25th-75th
percentiles 17.5-67.5).

According to the RECIST categories, an overall response
(CR + PR) rate of 73.8% (95%CL, 57.9-86.1%) was
observed. A pCR was observed in 5 patients (11.9%;
95%CL, 3.9%-25.6%), whereas 26 patients (61.9%; 95%CL,
45.6-76.4%) experienced a partial response. In a patient
with no pathological evidence of invasive tumor, the
presence of ductal carcinoma in situ and involvement of the
axilla was observed (exact pCR rate: 9.5%; 95%CL, 2.6%-
22.6%). A very good response was observed in three
additional patients with a residual tumor smaller than 1 mm
(all 3 patients) and the presence of lymph node
micrometastasis (one patient). One patient experienced a
very early clinical progression after the first cycle of AC
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Table I1. Relationship between hormone receptor status or tumor grade
and decrease in tumor size after preoperative chemotherapy.

Table I11. Number and percentage of patients experiencing adverse events
during AC or docetaxel.

Variable Median tumor Median tumor Median tumor AC (n=42) Docetaxel (n=38)
shrinkage shrinkage with shrinkage after
after 2 AC (%) docetaxel (%) PST (%) Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4
ER-negative 28.6 82.4 93.7 Hematological n (%) n (%) n (%) n (%)
ER weakly-positive 16.6 26.6 511 Neutropenia 12 (28.6) 26 (61.9) 4 (10.5) 24 (63.1)
(2 neutropenic (3 neutropenic
ER-positive 15.5 22.5 37.5 fever) fever)
P value 0.03 0.005 0.001 Anemia 19 (45.2) - 27 (71) -
PGR-negative 25 67 73.3 Thrombocytopenia 4 (9.5) - 1(2.6) -
PGR weakly-positive  14.6 13.9 32.5 Non-hematological
PGR-positive 16.6 26.6 37.5 Asthenia 12 (28.5) 1(2.3) 20 (52.6) 1(2.6)
P value 0.32 0.007 0.006 Hypersensitivity - - 2/42 (4.7)
. (mild)
Grade 1 8.3 33.3 40
Nail changes 1(2.3) - 5(13.1)
Grade 2 16.6 333 40 - (mild)
Grade 3 26.8 76 89.4 Diarrhea 5(11.9) - 9 (23.6) -
P value 0.12 0.08 0.08 Nausea 28(66.6)  1(23)  11(28.9) -
Vomiting 11 (26.2) 1(2.3) - -
(imaging not performed) but obtained a partial response  Stomatitis 28 (66.6) - 25 (65.7) -
after switching to three cycles of docetaxel. Another patient
experienced tumor progression during treatment with Ne“mtf”‘l‘my 3.1 - 14 (36.8) -
docetaxel (tumor shrinkage: —426.3%) and, at the end of the (sensorial)
PST, had a progressive disease (final tumor shrinkage: Neurotoxicity
-66.6%). Eleven (55%; 95%CL, 31.5-76.9%) of the 20  (motor) 1(23) - 2(5.2) B
patients with pretreatment palpable axillary nodes had
pathologically negative lymph nodes after PST. Skin rashes - - 1(2.6) -
According to the InO'dlflCd Chevallier s classification, Myalgias B} - 9 (23.6) -
response was reported as 1 in 4 cases (9.5%), 2 in 1 case (2.4%),
3 in 32 cases (76.2%) and 4 in 5 cases (11.9%). No correlation  Alopecia 42 (100) - 38 (100) -

was found between maximum tumor size at baseline and tumor
shrinkage after PST. Pretreatment ER status, PGR status and
tumor grade were associated with tumor shrinkage as shown in
Table II. In addition, a statistically significant association was
found between pretreatment ER/PGR status and tumor grade
and response as evaluated by RECIST (Chi-square p
value=0.03). All pCR were observed in patients with ER/PGR-
negative and G3 tumors.

Twenty-nine patients (69%) underwent modified radical
mastectomy and 13 patients (31%) underwent breast-
conserving surgery.

Toxicity. The regimen was feasible and generally well-
tolerated. The incidence of hematological and non-
hematological toxicity is reported in Table III.

2490

As expected, neutropenia was the most common adverse
event, occurring in 90% of patients with AC and in 74% of
patients with docetaxel. Among the other clinically relevant
adverse events, stomatitis and alopecia were equally
distributed in each sequence of the treatment, nausea was
more frequent with AC; asthenia, diarrhea, myalgias,
neurotoxicity and nail changes were more frequent with
docetaxel. In contrast with data from previous studies, no
cases of acral erythema (hand-foot syndrome) were observed.
The latter side-effect, in fact, was previously ascribed to the
sequential use of doxorubicin and docetaxel (26).
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Discussion

In general, the clinical response of solid tumors to
chemotherapy occurs fairly rapidly. While the time to
maximal tumor shrinkage may vary widely, the median time
to response is similar among various types of cancers. Breast
cancer is not substantially different, with values ranging
between 2 and 3 months (27,28). The primary goal of our
study was to investigate the relative contribution of 2 AC
followed by 2 docetaxel to the overall tumor shrinkage in an
attempt to select the most active regimen to be used on an
individual basis as adjuvant therapy, if needed. The working
hypothesis rested on two assumptions : a) that 2 cycles were
enough to have an early assessment of activity and b) that
there was no carry over effect of the first treatment to the
outcome of the second. If our assumptions were true, a
certain number of patients should have shown more
sensitive to the first 2 cycles and another group more
sensitive to the second. Only 4 patients out of 42 were more
sensitive to AC, two patients had similar responses during
the two segments of the PST program, while the remainder
were more sensitive to docetaxel. In the light of the relative
equivalence between AC and docetaxel in the advanced
setting, our data must be interpreted with caution. In fact,
two artifacts impairing the validity of our clinical model
cannot be excluded: that AC has a different time to
response than docetaxel or that there is a carry-over effect.
Both factors substantially impair the reliability of this
clinical model. A more appropriate design for such a trial
would, thus, have been 4 cycles of AC, then a pause and
then 4 of docetaxel. We considered this cleaner study
design, but rejected it because of feasibility: all our patients
had initially operable disease and ethical constraints did not
allow a pause after the first segment of therapy.

The second concern of our study was the low activity of
the entire PST program. In fact, although the pCR rate
differed marginally from that obtained with regimens of the
same duration in a similar patient population and, in
particular, from PST with four cycles of AC, (2) recently
published trials with longer duration of treatment showed
higher rates of pCR.

In a phase II study, six cycles of docetaxel 100 mg/m?
every three weeks as PST in patients with operable breast
cancer produced a global clinical response rate of 68%
together with a high pCR rate (19.8 and 35.5% according
to the modified Chevallier’s and Sataloff’s classifications,
respectively) (25). The authors found that the tumor
shrinkage occurred progressively, with only 40% of
complete response obtained after the first four cycles
of therapy.

A randomized phase II trial, reported in abstract form
(29), evaluated the activity of six cycles of FEC100
(fluorouracil 600 mg/m?, epirubicin 100 mg/m?, cyclo-

phosphamide 600 mg/m?) or the activity of six cycles of ED
(epirubicin 100 mg/m?, docetaxel 75 mg/m?) in patients with
non-inflammatory, operable T2-T4 tumors. The pCR rate
was 24% in both arms.

Preliminary results of another large (358 patients)
randomized phase II study in patients with = 3 cm diameter
operable tumors indicated that 6 cycles of VE (vinorelbine
25 mg/m? days 1,8 and epirubicin 60 mg/m? day 1) or 6
cycles of AC at standard doses produced a similar pCR rate
of 15% in both arms (30).

Preliminary preoperative results of the NSABP B-27 trial
that assigned the patients to receive either four cycles of AC
followed by surgery, or four cycles of AC followed by four
cycles of docetaxel and then surgery, or four cycles of AC
followed by surgery and four cycles of adjuvant docetaxel
indicated that the sequential use of docetaxel after AC
provided a significantly higher complete clinical response
rate (63.6% vs. 40.1%, p<0.001) and pCR rate (26.1% vs.
13.7%) compared to AC only (31).

Similar results were observed in the GEPARDUO trial
where the sequence of AC followed by docetaxel (the same
regimen as the NSABP B-27 trial) provided a pCR rate of
22.4% (32).

Taken together, these findings suggest two points: that
the duration of chemotherapy is crucial in determining the
chance of pathological complete remission and that taxanes
play a significant role in determining high pCR rates. It is
likely that ongoing trials will strengthen and confirm these
observations.
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