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The degree of P-gp expression also strongly correlated with the degree
of drug resistance observed.?

Chemotherapy remains the treatment of choice for women with
hormone receptor-negative and hormone-refractory breast cancer
disease.”"! However, many tumors that are initially responsive to
chemotherapy frequently relapse and develop resistance to the broad
spectrum of cytotoxic drugs currently employed.>'*'> Consequently,
MDR remains a major reason for treatment failure in patients with
metastatic breast cancer and highlights the urgent need for MDR
modifiers in breast cancer chemotherapy.

Since the discovery of verapamil as an MDR-reversing agent,'
many compounds have been investigated as MDR inhibitors.'*®
Dofequidar fumarate (Fig 1), is a novel, orally active, quinoline-
derived inhibitor of MDR."” In preclinical studies, dofequidar re-
versed MDR in P-gp— and MRP- 1—expressing cancer cells in vitro (1
to 3 umol/L), as well as enhancing the antitumor effects of doxorubi-
cin in MDR tumor-bearing mice.'””*® A phase I trial in healthy vol-
unteers showed dofequidar to be well tolerated (10 to 1,200 mg) with
no dose-limiting toxicities and an effective plasma concentration was
maintained for 8 hours at 900 mg (data on file, Schering AG, Berlin,
Germany). In a phase II combination trial in patients with recurrent
breast cancer, dofequidar potentiated the antitumor effects of CAF
(cyclophosphamide, doxorubicin, and fluorouracil) therapy; patients
who had not responded to treatment with three cycles of CAF re-
sponded to subsequent treatment with dofequidar plus CAF. The
numbers of patients with an objective response were two of seven at
600 mg and two of six at 900 mg dofequidar, though dose escalation was
stopped at 1,200 mg due to increased hematologic toxicity (data on file,
Schering AG). On the basis of this result, this phase III study was con-
ducted to compare the efficacy and safety of dofequidar plus CAF with
placebo plus CAF in patients with advanced or recurrent breast cancer.

Study Design )

This was a randomized, multicenter, double-blind, placebo-controlled
trial conducted at 46 centers across Japan, comparing the efficacy and safety of
dofequidar plus CAF with placebo plus CAF. Female patients (age 20 to 70
years) with advanced (stage IV at diagnosis with an intact primary tumor) or
recurrent breast cancer were enrolled onto the study. Other inclusion criteria
included a histologically defined, measurable or assessable primary lesion; two
or fewer regimens of prior chemotherapy in both neo/adjuvant and metastatic
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Fig 1. Structure of dofequidar (MS-209).
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settings, (exduding prior endocrine or single-agent fluorouracil therapy); 180
mg/m? anthracyclines (doxorubicin equivalent) or less previously; a perfor-
mance status of 0 to 2; and adequate bone marrow, renal, hepatic and cardiac
functions. Patients who progressed or had a recurrence in less than 6 months
with anthracycline-containing chemotherapy, and those who had a history of
major cardiac disease, uncontrolled hypertension, symptomatic brain metas-
tasis, or simultaneous malignancy were excluded. The trial was approved by
the institutional review board and was conducted in accordance with the
Declaration of Helsinki (1996). All patients provided written informed con-
sent before study entry.

Dosing and Dose Modification for Toxicity

Patients were treated with six cycles of CAF therapy with dofequidar or
placebo, and each treatment cycle lasted for 28 days; drugs were administered
as follows: days 1 and 8, doxorubicin (25 mg/m?) and fluorouracl
(500 mg/m?), each infused over 15 minutes; days 1 through 14, cyclophosph-
amide (100 mg orally [PO]); dofequidar (900 mg/d; 3 X 300 mg tablets) or
placebo administered 30 minutes before each doxorubicin dose to ensure
adequate blood concentration of dofequidar. The doses of doxorubicin and
fluorouracil were reduced to 20 mg/m? and 400 mg/m’, respectively, if any of
the following criteria were met: grade 3 nonhematologic toxicity (except nau-
sea and vomiting); grade 3 or worse neutropenia (< 1,000/mm?®) maintained
for at least 5 days with an episode of fever of 38.5°C or higher; grade 3 or worse
thrombocytopenia (< 50,000/mm?); and grade 4 neutropenia (< 500/mm?).
The next cycle was postponed for 3 weeks unless the patient had 2a WBC count
of at least 4,000/mm?>, or a neutrophil count of at least 2,000/mm> and a
platelet count of at least 100,000/mm?. Patients were followed up for 3 months
after completion or discontinuation of treatment.

Treatment Assignment

Patients were randomly assigned to their treatment by the Trial Register
Center. Treatment assignment was securely stored and coded until completion
of the study. Investigators were also blinded to the assigned treatment. Patients
were stratified by the number of prior chemotherapy regimens, including
adjuvant chemotherapy, by a history of prior use of anthracyclines, and by the
presence of liver metastases.

Efficacy

The primary study end point was the overall response rate (ORR) in the
full analysis set (FAS; all patients who received treatment at least once and met
all inclusion/exclusion criteria). Efficacy assessment by lesion and ORR assess-
ment were made at each treatment cycle (every 4 weeks) and at treatment
completion. Objective responses were assessed through blinded reading of
radiographs by an independent expert panel. The secondary study end points
included complete response rate (CR), time to treatment failure (TTF), time to
progression (TTP), and progression-free survival (PFS).

Subgroup analyses were conducted to assess PFS within specific patient
subpopulations, including premenopausal women, patients who had no prior
therapy, and patients who had advanced primary breast cancer.

Safety and Tolerability

Adverse events (AEs) were recorded at the end of each treatment cycle
and at the end of the study period using data from the safety population (all
patients who received treatment at least once in the study). AEs were catego-
rized according to the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) Version 2. The incidence of significant decreases in left ventricular
ejection fraction (LVEF) and serious AEs were recorded. The CBC was evalu-
ated weekly. Serum chemistries and urinalysis were evaluated every 2 weeks.
The minimum hematology values and LVEF in each treatment cycle were also
recorded and analyzed in the per-protocol set (PPS; all patients who received
treatment at least once and had no protocol deviations).

Pharmacokinetics

To assess the effect of concomitant dofequidar use on the pharmacoki-
netics of doxorubicin, the plasma doxorubicin concentration on day 1 of cycle
1 was compared between treatment groups. Blood samples were taken at
baseline and at 15 minutes, 30 minutes, and 1, 2, 4, and 6 hours after the start
of doxorubicin administration. Plasma doxorubicin concentrations were de-
termined by reversed-phase high-performance liquid chromatography. Area
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under the plasma concentration-time curve (AUC) was calculated using the
linear trapezoidal rule.

Statistical Analyses

The primary end point was analyzed using the Fisher’s exact test at a
significance level of 2.5% in a one-sided test. A difference in response rates of
20% between the two treatment groups was used as the basis for a statistically
significant difference. CR, TTF, TTP and PFS were analyzed by the log-rank
test at a significance level of 5% in a two-sided test. The CR, TTF, TTP and PFS
were analyzed in the FAS, and the pharmacokinetic data analyzed in the PPS.

et

Patient Characteristics

A total of 227 patients were recruited onto the study (Fig Al,
online only), of which 225 patients were included in the safety analysis
(n = 113 for the dofequidar group; n = 112 for the placebo group);
two patients did not receive the study treatment and were thus ex-
cluded. Four patients did not meet the inclusion/exclusion criteria;
therefore, the FAS consisted of 221 patients (n = 113 for the dofequi-
dar group; n = 108 for the placebo group). The PPS consisted of 199
patients (n = 100 for the dofequidar group; n = 99 for the placebo
group). There were 22 patients excluded from the PPS analysis due to
protocol deviations. Baseline patient characteristics were well bal-
anced between the two treatment arms (Table 1). Most patients had
predominantly recurrent disease and had received prior chemothera-
py plus endocrine therapy. Also, many patients who had advanced
primary breast cancer had received no prior therapy.

Table 1. Patient Demographics (full analysis set)
Dofequidar +
AF Placebo + CAF
n=113) {n = 108)
Characteristic No. % No. %
Age, years
Mean 54.4 52.4
SD 7.69 8.97
Medical history known 65 575 60 55.6
Weight, kg
Mean 56.2 54.1
sD 7.52 7.73
Height, cm
Mean 154.7 154.7
SD 5.71 5.61
Body surface area, m?
Mean 15 1.5
SD 0.11 ['AR]
Disease state
Recurrent 81 77 80 74.1
Advanced 32 283 28 259
Prior therapy
Radiotherapy + chemotherapy + 32 221 32 29.6
endocrine therapy
Chemotherapy + endocrine 55 48.7 54 50.0
therapy
Radiotherapy 1 0.9 1 09
No prior therapy 25 221 21 184
Menopausal status
Premenopausal 24 21.2 26 241
Postmenopausal 88 779 79 731
Abbreviations: CAF, cyclophosphamide, doxorubicin, and fluorouracii; SD,
standard deviation.
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Efficacy

The ORR, rated as CR or partial response rate, was 42.6% for
CAF plus placebo versus 53.1% for dofequidar plus CAF (Table 2).
Although this represents a 24.6% relative improvement and a 10.5%
absolute increase in response rate for patients receiving dofequidar
plus CAF compared with those receiving CAF plus placebo, this re-
sponse was not statistically significant (P = .077). A higher value was
observed in the dofequidar treatment group for all secondary end
points compared with placebo, though these results were not statisti-
cally significant. Among them, Figure 2 shows a trend for prolonged
PFS (median, 241 days for CAF plus placebo v 366 days for dofequidar
plus CAF; P = .145).

Dofequidar plus CAF significantly improved PFS in several pa-
tient subgroups, including patients who were premenopausal
(P = .046; Fig 3A), patients who had not received prior therapy
(P = .0007; Fig 3B), and patients who had advanced primary breast
cancer (P = .017; Fig 3C). An extended follow-up showed that
dofequidar plus CAF also significantly improved overall survival
(P = .0034; Fig 3D) in patients who had no prior therapy.

Safety and Tolerability

A similar number of patients completed six treatment cycles in
both groups (n = 53 for the dofequidar group; n = 51 for the placebo
group). The mean number of treatment cycles was 4.5 in the dofequi-
dar group and 4.3 in the placebo group. More than half of patients in
both groups included in each cycle from cycle 2 onward had a delay in
treatment, mostly due to prolonged hematologic toxicities.

Dofequidar plus CAF was well tolerated throughout the study.
No statistically significant excess of grade 3/4 AEs, except for neutro-
penia (P = .006) and leukopenia (P = .005), was found in the dofequi-
dar group compared with placebo (Table Al, online only).
Importantly, there was no marked difference in the incidence of
neutropenia-related morbidity, such as febrile neutropenia or infec-
tion, between the two treatment groups. No significant differences in
the incidence of cardiac AEs were found between the two treatment
groups. In addition, dose intensities of chemotherapeutic agents were
similar in both treatment arms. No significant difference in the inci-
dence of serious AEs (SAEs) was observed between either group.
However, there was a trend for a higher incidence of SAEs from
leukopenia in the dofequidar group than in the placebo group
(P = .060; Fisher’s exact test); five leukopenia cases were reported for
dofequidar, whereas no such case was reported for placebo.

A total of 124 patients discontinued the study (n = 61 for the
dofequidar group; n = 63 for the placebo group). The major reasons
for discontinuation were progressive disease (n = 23 for the dofequi-
dar group; n = 28 for the placebo group), grade 4 hematologic toxicity
(n = 20 for the dofequidar group; n = 6 for the placebo group), failure
to meet treatment continuation criteria (n = 6 for the dofequidar
group; n = 8 for the placebo group), and consent withdrawal (n = 6 for
the dofequidar group; n = 12 for the placebo group). Of the 225 patients
who received treatrent in the study, 14 patients died during the treatment
period (n = 3), the follow-up period (n = 2}, or the follow-up period after
study termination (n = 9). There were 49 other serious AEs in 32 patients
during the study and follow-up period.

Pharmacokinetics

The mean plasma concentrations of doxorubicin in the dofequidar-
and placebo-treatment groups at 15 minutes postadministration reached
0.997 ug/mL and 1.259 ug/ml, respectively, followed by biphasic
elimination in both treatment groups. Mean plasma concentrations in
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Table 2. Response Rates for Patients Treated With Dofequidar Plus CAF (n = 113) or Placebo Plus CAF (n = 108)

Parameter
No. of pati
{No. of patients) Overall
Treatment Complete Partial No Change Progressive Not Response
Group Response Response (stable disease) Disease Assessable Rate (%) 95% CI
Dofequidar 5 55 40 10 3 53.1 43510625
Placebo 4 42 a3 14 7 426 33.1t0525

NOTE. Qdds ratio = 1.53 (range, 0.87-2.69); P = .077 for dofequidar v placebo.
Abbreviation: CAF, cyclophosphamide, doxorubicin, and fluorouracil.

the dofequidar and placebo groups remained similar at 1, 2, 4, and 6
hours after the start of doxorubicin administration. Thus the elimina-
tion pattern for the first 6 hours after the start of administration was
similar in both groups. The plasma concentrations of doxorubicin in
the terminal phase (4 and 6 hours postadministration) were slightly
higher in the dofequidar group compared with placebo (1.2- to 1.3-
fold). However, AUC (0 to 6 hours) values showed no statistically
significant difference between the dofequidar and placebo groups
(mean, 0.480 ug - h/mL; standard deviation [SD], 0.324; range, 0.237-
1.692; and mean, 0.407 pg - h/mL; SD, 0.062; and range, 0.289-0.500,
respectively). Therefore, treatment with dofequidar did not affect the
plasma concentrations of doxorubicin in patients (Fig 4).

Chemotherapy remains the preferred adjuvant treatment for patients
with hormone receptor-negative disease and for patients with more
aggressive, hormone receptor—positive tumors.'"?° However, despite
the use of conventional adjuvant chemotherapy regimens, a signifi-
cant proportion of patients with breast cancer still experience disease
recurrence because of inherent or acquired drug resistance.'? In this
randomized phase III trial, the efficacy and safety of the multidrug
resistance inhibitor dofequidar plus CAF was compared with CAF
plus placebo in patients with recurrent or advanced breast cancer.
Although, there was an observed relative improvement and absolute

Progression-Free Survival
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Fig 2. Progression-free survival in patients treated with dofequidar plus cyclophos-
phamide, doxorubicin, and fluorouracil (CAF) and placebo plus CAF (P = .145).
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increase In response rate for patients who received dofequidar plus
CATF, these results did not reach statistical significance. This improve-
ment in response rate may have been reflected in the observation that
there was a trend for prolonged PFS, which favored patients in the
dofequidar plus CAF group.

To date, only two randomized trials have examined the efficacy of
a P-gp inhibitor in combination with chemotherapy in breast cancer
patients. Wishart et al*' examined quinidine combined with epirubi-
cin in patients with advanced breast cancer, but failed to show any sig-
nificant difference in overall survival or PES compared with placebo.
In a more recent prospective study of patients with anthracycline-
resistant metastatic breast cancer (n = 99), verapamil combined with
vindesine and fluorouracil resulted in a significantly longer overall
survival and a higher response rate compared with patients who did
not receive the P-gp inhibitor (median survival, 323 v 209 days;
P = .036, respectively; ORR, 27% v 11%; P = .04, respectively).”

In the subgroup analyses, dofequidar in combination with CAF
displayed a significantly increased PFS in patients who had not re-
ceived prior therapy, who had advanced primary breast cancer or who
were premenopausal. In addition, dofequidar also significantly im-
proved overall survival in the patient group who had no prior therapy.
Although the patient numbers in these analyses were small, the results
remain important within these clinically significant patient popula-
tions. Both preclinical and clinical data have indicated that newer-
generation MDR modulators can prevent the development of
resistance.”>?* A phase /11 trial in patients with acute myeloid leuke-
mia showed that dosing with cyclosporine before and in combination
with daunorubicin prevented chemotherapy resistance, while also
resulting in a decrease in MDR-1 RNA expression.** Our results may
highlight one potential treatment approach to MDR tumors that has
not yet been fully exploited in the clinical environment, specifically the
prevention of the emergence of resistance through the early use of P-gp
inhibitors." It seems reasonable that agents such as dofequidar may be
useful in the adjuvant or even neoadjuvant setting with the goal of pre-
venting or delaying the induction of MDR associated with chemotherapy.

The potential clinical significance of P-gp and MRP expression in
breast cancer is supported by the results from a number of studies. For
example in a study of primary breast cancer patients (n = 259), MRP
expression was associated with an increased risk of treatment failure in
patients with small tumors (T1) and node-positive patients who re-
ceived adjuvant cyclophosphamide, methotrexate, and fluorouracil
(CMF) chemotherapy but not in node-negative patients.”> Burger
et al'? reported that the expression of MDR1 mRNA in primary
breast tumors was inversely correlated with the efficacy of first-line
chemotherapy. Additionally, the high level of MDR1 expression was
suggested to be a significant predictor of poor prognosis in patients
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Fig 3. Subgroup analyses. (A) Progression-free survival in premenopausal patients (P = .046); (B) progression-free survival in patients who had no prior therapy
{P = .0007); {C) progression-free survival in patients who were stage IV at diagnosis with an intact primary tumor {P = .017); and (D) overall survival in patients who

had no prior therapy (P = .0034).

with advanced disease.'? Significantly increased expression of P-gp
and MRP-1 has also been reported in an immunohistochemical study
of patients treated with preoperative chemotherapy, whereas pretreat-
ment expression of MRP-1 was associated with significantly shorter
PFS in patients.?® In a more recent study, MRP-1 expression was
shown to be an independent predictor for shorter relapse-free survival
and overall survival, after adjuvant CMF treatment, in premeno-
pausal, hormone receptor—positive patients.”” However, MRP-1 ex-
pression did not affect patients’ response to adjuvant tamoxifen plus
goserelin treatment.”’

These findings and our results support the view of Leonard et
al,> who indicate that future patients will need to be carefully
selected for the identification and development of effective drug-
resistance modulators. Patient populations who may derive
maximal benefit from MDR inhibition, for example, the no-prior-
therapy, advanced-disease, or premenopausal patient group in the
present study, could quite easily be overlooked or lost within a large,
heterogeneous trial population.? Furthermore, by refining future clinical
trials to incorporate specific disease and patient characteristics, a clearer
picture of drug resistance in cancer will be obtained and the most effective
MDR inhibitor/chemotherapeutic agent(s) selected.

www.jco.org

Many MDR inhibitors have required high serum concentrations
for MDR reversal, which resulted in unacceptable toxicity, thereby
limiting their clinical impact.”?%3* Although more recent agents have
shown improved tolerability profiles, this has been countered by un-
predictable pharmacokinetic interactions with other transporter mol-
ecules (eg, cytochrome P450-mediated drug metabolism and
excretion, necessitating dose reductions in chemotherapy agents and
leading to inconsistent chemotherapy dosing among patients).'* Sim-
ilarly, the addition of the MDR-modulating agent valspodar (PSC
833) to chemotherapy agents did not improve treatment out-
come.*>* Toxicity was increased in the valspodar-treated group com-
pared with chemotherapy agents alone, despite the reduction of
chemotherapy doses in the valspodar-containing regimen. In our study,
dofequidar was well tolerated, with no indication of the unacceptable
toxicity associated with early MDR inhibitors. Importantly, dofequidar
did not affect the plasma concentrations of doxorubicin in patients during
the study and displayed an acceptable pharmacokinetic profile.

In conclusion, this study suggests that treatment with dofequidar
resulted in possible clinical benefit for patients who had not received
prior therapy, who were premenopausal, or who were stage IV at
diagnosis with an intact primary tumor. Dofequidar was also well
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Fig 4. Plasma levels of doxorubicin in patients receiving dofequidar or placebo.
CAF, cyclophosphamide, doxorubicin, and fluorouracil.

tolerated in the clinical setting and had no impact on doxorubicin
pharmacokinetics. Further studies are merited to assess the effect of
dofequidar in specific patient populations with breast cancer.
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FAhr T R e FRFETEFLE (209 B (G AR S 2,
IHARICAY RELTBEHEZDZ /2. BHKR
EWABIIN L Cid, 78R 5MEFMEICH
BB LFEEIITONTE 228, Lk
WETICHETT L CTh, MRICHITL T, BRE
FEBIUCEEGRIIFEZRBDORVENV)
8 2%, National Surgical Adjuvant Breast and
Bowel Project(NSABP) B-18 b4 7 V"B &
" European Organization for Research and
Treatment of Cancer (EORTC) 10902 + 5 1 7
N2 5 2001 S S 7, #iTEifbE
BEx T VWIRHEZERSE 2 2R (pathological com-
plete response: pCR) %1% S - 5EHliX, Fh
DA OFEF L B L CHEBICEREAFNE
DEEHIRD SN, pCRIZAEFIZA D S surro-
gate endpoint & L THWHN B L H 2k Y, i
AL EBREDOBIRMERESHO M & 2 o725
CDL)BERIPOCEE, WMALEREOEE
% % NER L T2 D /¥ % HE & D neoadjuvant/
preoperative therapy #* % primary systemic ther-
apy(PST) £ A5 L H ITREB I N T 5.

ARTIE, FHhe2EEEABIINTT S
PSTZZNETOIEF Y ANLEREL, £O

BISERBFIZOVWTERT 5.

1. PSTOERY

a. BERNMNILIIAFEEFEEEIDENIEX
PSTIZ & » THEEEE M/ 3¢, AFELF
45 %HME T D NSABPB-18 F 54 7
M, PSTHATH CIIAEBRFEH67.8%
THo72DIZx L, FMETHTIL598%TH
BICHEOHOBREENE I o7z 72720, A
ENHERRINEI145%, BEHN69%T,
PSTHOAENBERIIH2HETHL L mEE N
720 LdL, BETIEPSTETHLAENESR
R o )mELALNL. WY
N LTd, PSTHROAERFHFEDOHES X
MDCT % MRI % L OB LW 2 BRE L THE
WKHREL, ABENBREZHIET 57013 RE
MBFO B L BRTAZEVERTH S.
b. REIEBRERFEELEF DR
NASBP B-18"B X U'B-27" b 74 T VIZH
'} % pCREEBIE, FNLSNDFER & ILEL TH
BEICEBREFHRHOERESRED LN T4
bbb, HREENpCR THNEEFDOB/NER
LEBFICHRMB I N EZZ ONRIF R R4S
HEIFETEX 5720, pCRIZAFIT/A D S surro-
gate endpoint & L THWHR B X DTk o7
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1 ﬁﬁﬁu{t—rﬁfz'ikdb 5 61‘&5%#1’?3%&&553&
1?zﬁﬁ&%@ﬁ*%ff s S TORR| pCREE | 1 AR L
}” 9% y i i | - e l/ }/ T s Ete .
‘;7/{7: {%% !‘f‘ JE R I ﬁ % o Tl / N (%) (%) ERS v/ NS
NSABP B-18/
X4~ 69

Fisher 5, 1998 1,523 | T1-3NO-1M0 QS Aéxi 79 | 13.0 70 (9.54)*
Wolmark 5", 2001 vs
EORTC 10902/ FECX4—S 82

—4bNO- . NA | 4. 4T%E)"
von der Hage &7, 2001 | 008 | TLc=4bNO-IMO| "o ppcxa A 0 | g @75
NSABP B-27/ ACX4—S 855 | 13.7 | o
Bear 5, 2003%, 2006° |2.411|Tlc-3NO-1MO |vs ACX4—~TXTX4—S OLL| 261 | o (65%)"

vs ACX4—S—TXTX 4 | 855] 13.7

Aberdeen/ T3 4NO-2Mo CVAPX4—NR—TXTX4 | 470| 1.8 |NA
Smith 5%, 2002 162} (155 em) vs CVAPX4—R—TXTX 4 | 850 | 308 | 97 (5.44F)*
Hutcheon 57, 2003 cm vs CVAPX4—R—CVAPX4 | 64.0 | 154 | 78
MD Anderson/ TXLgqwX12—FACX4 28.8* | NA .

~3NO- NA
Green 5% 2005 258 | TI=3NO-IMO | 0 oy 3wxa— FACX4 13.6° | NA
GEPARD

RDUO/ . T2-3N0-2M0 ACX4—TXTX4 85 | 143" | 85 .

von Minckwitz 5%, 2005| 913 _, dose dense AT a2w s | 700 |81 (54)
Raab 5%, 2004 =ecm ve dose de 4 '

A: doxorubicin, C: cyclophosphamide, E: epirubicin, S:surgery, TXT: docetaxel, V: vincristine, P:

prednisolone, NR: no response, R: response, TXL: paclitaxel, F: fluorouracil, NA: not available,

nodal status, *(median follow up period)

NSABP k54 7 VB L U Z Dot &k
ABALERAEBR 2R 1 IZRT.

2. PST &I

W REOBEIS & %2 5T XTOIEH
MPSTDBISIZ R VIGH, bbb, 200540
oo bALIDAYFRAI=—T4 VT
BT %) X 7 58 T intermediate risk Ll EIZA
HIEFITH A, BERMIZIX SR, HS»
) ONHERH D, HEENCIEREGR
HE)2ecm Pl b, MGEMERRENDE, 5E
RERE S L OHER2/neu (HER2) (G TH 1,
UEDSH1DTHELTHH0ITHERICEY
B5.

LA2L, BRTIIBRN 2 EFHTEOHEILE
RET OB THY, Stage IATHEE
Z3cm AL OBREME B X UF Stage 11B DL L 38
el 5.

3. EFELIALEEBRSLR
RKEKDOMFATLCHRIBINZ LT,

*including

TYRAIHA 7Y (An) RPUEBARIC Y ¥4~
(Tx) "R % LET L FH, pCREES
HENBLEAHIET, BBLZF20%U LD
pCRAME LN TV A, I An RIUER ORIFE
PROONTVBELEAETDH, FUHEREZH#E
A LD b Tx RUBANCHBEEZEBL
FRLY)BVHEEMERPPRFTELI LN
Aberdeen b 7 4 7 VO CHERR SN, FERZEMHE
ERNERICEATHLIENEETHDHLEER
bhTnb, .
FEESEIICBEL T, e T4 T
T8-36 BN TEE N, PFATNIZLo
TIEFEMRIZIALFREL T TS L) ICEHH
ENTWBELDLHEN, REbav A7
VIIWRNZCHIT T RETH 5.

4. pCROEH

a. BRREIIXNT ZRRHE

BOKRTIE, ERRRAS T X THEKLZHE,T
ENREOARDVERELIZGE, ThbbRER
PHELTWRIEpCREEREL TWEH I &M
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Zv. EHRAEEIHE L72%E [pCR(alD}
ERBEEIFHKR LABENREDOANZE L2
& {pCRGinv)} ® pCREWE, F—FFA4 7LD
HTHh%RhDENHS. NSABPB-27 b 5 4
7 T, AC(doxorubicin, cyclophosphamide)
A4 ZNDL I A2 EAC 494 2 VI doce
taxel 494 7 V2 Mz 72V T 2 @ pCR(all)
BIIENENI6%, 189%THHDIIHL,
pCRUnV) X FNFN13.7%, 261%L %D,
IS5 pCRENVLALL. P IATLVHETO
pCREDHER, ZOFHIZHET 5D +4
FEETHLEVDS.

b. BEY >/ E (Ax LN) (234§ 20 REE

NSABP D + 5 4 7V CIZEFEEHNPCR TH
NITAX INBEBPERAFEL T Th pCREESE
L TwA7%Y, MD Anderson? % GEPARDUOQ*
DIFTATIVTREREE AX INFRAL HIZ
HELEE% pCREHIEL TW5. NSABP
B-18 F 4 7 VUIB W T Ax LN 2 E &
LEWEADpCREEZ13% T, ZELHE
X11%TH -7, [EHRIZNSABPB-27 b5 A4
7 V¥ Tid AC—docetaxel BEICBIT 5 AX LN %
ZRELAEVEADOPCREIZ26% Td 5 75,
ERELIEEE22%TH - 72. GEPARDUO b
54 7 V9T, dose dense AT (doxorubicin,
docetaxel) & AC—docetaxel ® pCREZ LB L,
EFNENT%E 14%THo72h, Ax LN 2 ERE
LW EENEFN12%E 22% T, AXIN %
pCROGEHICHAAN S T H TpCREIZK
ERENFHTVS.

72, 5ETOMIFA TN TIEPSTHIIC Ax
INBEBOFELZHEEITFMTCETCnidrol
7%, AXx LN % pCROHIEICHAAL T EIZ L
D PSTHiI 2 6 Ax LNEE A L b o 2B B
pCRIZHIZE S M7= 5EEHD S 5. Hennessy 5
(&, 5> DHTI & PSTEER AR IZ B v THIAT
RIS HRZ I TAX INEB B SN
Stage II/II1 J& 5P 2LHE 403 FEFIIZ DWW T Ax LN
R AR EARTE A, 22%DFEFIZpCR
PEonEHELTwA. pCREEE non—pCR

BOSERFREERIIZINENET %, 60%

T, AHFERRIZNENIZ%, 2% TH Y, pCR

HTHEECTFHRBH CHo72. T/, AXLNOD
pCRIEFID Fi&IL, ERED pCREK DA EI
HBINE D o7, T4bb, PSTHIZAX LN
DpCRAYER TENIIREERREEIZDOLR
TOFREBRHFTHAHI LD, ERELER
BICIIAEMENLEOD DL EHRBE IR

5. BEOAEDFHFHEIC L 3aEHR
gt

a. KIVELET2—HR OEE

KESD 54 T7MIZBIT A HRBHAEIC
95 PSTIC & 5 pCREE, T EnBEthEaliE
DF)2-4f5L &L, 16-42%Th o7, /=,
Nakamura 5%, 202 O F4i7 0] e E ZEH7LAE
{Zxf L€ FEC100 (fluorouracil 500 mg/m?, epi-
rubicin 100mg/m?, cyclophosphamide 500mg/
m?) 44 7 )V & docetaxel 75mg/m® 4414 7
NVDONEREZG ATV, 26D pCRFEIX23% T
& o 7275, HRBMHEA»> HER2 BH$L#%E @ pCR
FZ13% EBEETH 72D L, HREME,
D HER2 FFHFE D pCREIZ65% &L HERTH
o7l FHEL TV A,

b. HER2, topoisomerase Ila & KU

Ki-67 O%3H

HER2 & topoisomerase Ila (TopoIl) &=+
17 FRBAEO R (q12-q2D) FIBITER L
THEL, HER ERFOBFIRERAL-IED
20-30% R E\Z Topo Il Bz T O BEEHSH
5. An RYPFHZ Topoll ZFHET A5 Z & TH
BEEDEE*L-53 DT, Topoll BzF DB
FREBIL, An RPEH T & CILFERBIHT
AMRRFHUHERFERDEZZONT WA, PST
BT H FEMIEFICH L Tt An RIUEH
(24 5 pCREDE EABFEINS.

— 77 Petit 513, REFREBIZL S Ki-67D5
ZHQ0% L)X, Bulilaases KL
An RIEHZ S PSTOMEFRARFELE LT
BEETHHrZZ2HELTAS. £7:, Boz
zetti 5%, AnRPUEFR OIS EDEV (KA
BEEHE), HER EZFOBHEHROR E,
HROFEB L UREREIZL B Ki-67DEHE
BOEEDOR TR TPSTOBRKMEIZDNT
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x2 HER2 ;@i’]%ﬁ’&z‘d’ BFEREMILEICH T B trastuzumab HFRARATLE L

%% $ _jwj” ﬂ ﬁ_f‘ R v/x/"'f’mM%)pau%y
Burstein 5", 2003 [ 40 | T1-3N0O-1MO0O 12Hqw+4P(175) q3w 75 18
Coudert 5, 2006 | 33 |T1-3NO-1MO 18Hqw+6D (100) q3w 96 41

. 12Hqw
20} D
) ’ y 2
Hurley 5%, 2006 | 48 |StageIl, I, #*FEMH 41D (70) g3w~+Cp (70)| 3w 100 3
{EEF 52, 2006 21 [T>3cm or N+ 12Hqw-+4D (75) q3w 90 21
P22 —4F 7 :
Buzdar 5%, 2005 | 42° | T1-3N0-1MO 4P(225)a3w—dFEC(T5)Q3W | o7 17 | 65 us 26
with or without Hqw

P: paclitaxel, D: docetaxel, H: trastuzumab,
- cyclophosphamide,

SEBRNT LR, RERBICLAK-67D
SEBOFEIMY L -BERDEFUETCH
ot HEL TS
c. Triple negative (TN) fE/E
IAMaFrryBLSusrAraorsrve”s
¥ —(ERB LU PgREH, »OHERZAFE
Hoz WA BmE INFBLFHR LTS, ER/
PgR & HER2 2 & Y B S h7zfEig ¥ 1 7HT
DBIZTFREBHTO 77 ANVSELSL I LITED
POMETHS I E & o7 Sorlie 5713,
OV T Y4 THHERTHLH)IIEKETS
BHEOEEZEFY A &R L, luminal EE),
basal -like (ZREKfE ), HER2 V7% £ T L4
OIDWEREER 7 T A —IZHR L. BT,
BAEDEETI A ML o CHERINFEY
T 5 A TR EORH, ®IFB L OTRRICH
TAHARICHERLLZ EWREN. BHTH
TN HBEDBE & % 80 %t basal-like fEE TH
D, FPEARTHS. IhOIIATWEESR
trastuzumab #E L EOFIEENERONR &
2 O TIALEFBEOARADERETEE LT’ A.
1B\, MD Anderson O#RER' Cid#E 1
F7ra7 7 A 7T bh i HEEAESS
%D pCRZE 1L, luminal BE# & V) basal-like fE5S
PEEICE» o7 72, UNCRER”TIE 105
B U CREZMABILENICT 75 £ T8

TN, luminal, basal-like, HER2 # 1 7

*randomized, (dose) mg/m’

Cp: cisplatin, FEC: fluorouracil, epirubicin and

fral AC

ENENS2%, 271%, 21%TH o 1.
WL iTo 28R, pCRERI TN EN13%,

30%, 27%Td Y, basal-like EfE T—&F & »
ST EWEL TS, ALFEHIEICHT 2 2%
%z 5 L basal-like [EEDO FHEPARZ DI
WHEIAZ BHAS, UNCRER™ICHBIT HEEL
[ 2.5 412 B\ C basal-like BE 5 13 luminal JE %
LB L TEEREBERATREMEL, £48FF
THEBIZEro7. Zhid, PSTIXERHL2Hh
- 7= basal-like BB I M DILEREIZ S v &
RETUEABRLFHRELELZEZRELTY
5.

basal-like JEH 12K & L5 TN EHE T
% PST %, BIEDERENL VXY Th b AnR
P & Tx RPBEAEZ VL L2 RREL

TEBRBIZEY LR LI A VOBEPLETH 5.

6. HER2 BFIREZET S EREMIEIC
39 5 trastuzumab f B PST

Tx RHufEH| & trastuzumab D Ff FH# % T pCR
EhBE SN T b EL phasell P4 7V %
F 2R T. MBI Stage TLLET, %
(21% Stage 11Ib R RIEUFAME L R & L7 RER
bHLEIOETNTNOHROUKIIHETH S
25, pCRZEII18-41%" "¢ HEHIE D - 72,
T RIANL, 444 7 A2 F 73 64 4 &
VRS Eh, 694 7 V5T ) EWPCR
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XPBOoNLERL D7, RLI 2, #
FINDEEETHHHERAED 20-50 2
BELIHBTHY, SHBTFHREEDLSHBITOD
REPLETH 5.

Buzdar 5213, #HiiC paclitaxel 225mg/m’
# 3BT L 4% 4 2 VvDd & FEC75(fluoroura-
cil 500mg/m? epirubicin 75mg/m’, cyclo-
phosphamide 500mg/m?) 3BT & 444 7 )L
BTE5THLIAVE, FOL YA VI trastuzu-
mab ZBHEUBIGHALZL YA VD2 ICE
VE&BIZ 50, ALFEFREITRT 5 trastuzumab O
PRI RZ R L. RREFEIT 426T1L
FHRLGHEMBEOpCREIX263% ThH 5 DIZH
L, trastuzumab fFHBIZ 65.2% L BEEIZER
Tholz. REWOH TOMEEEICE L TIdmE
MTER o705, MEFRMHMEICEL Tt
Grade 4 O HIRFA H3F B2 trastuzumab Hf
REBETE 2o 7. An RPufEH] & trastuzumab @
RV A Y OMRIBMEIND D, BEHI
BLTIEWELZHELSR VR 2,

A, paclitaxel A% S 12 Mi2%i < FEC 4

T A 7 WALFERIE IS &P 5 6 trastuzumab %
24 MPFA$ A8 &, FEC 4 %4 7 W#IZ pacli-
taxel & trastuzumab % f5:8 12 B 3 A8 T,
CKEMER T > ¥ 2L T4 7V (NSABP B-41)
PThbhTBY), ZOEREPFELNS.

% 7, Nakamura 5225 L7z & 9 %2 HRE
752 HER2 [ FLHE CH 2 bE I RZ T
DOBVIEFNIR LTiE, T3 AnRHEH % 4
FA 7 VTV, ZOEBHRIZL o TT AR
FEHC trastuzumab Z HFRA§ 50 L) 2 ERE
THEV)HERIEDEZ OIS,

7. pCRBUICH T 2 F&TFH
NSABP B-27 } 7 4 7 ViZ B} % Bear 570

& T, pCREFICOWVWTEFNFINL A LN
BEHFI(0ME, 1-3M, 4-918, 10ELLE)I
THERFF LR, ERENSpCRTH AXLN
BEPZCEETFHEARTH- . £/, 3
pCRIEFICBVWTHRIFEDOERTH o7 T4
b, Ax INEBERIIFEREED pCR & 137
LN e FHREAFCHo R RXT 5,

% 72, MD Anderson Cancer Center {23!} %
PST#IZAX LN 4§ pCRZ 1 ERE M AR
226BIDOL FOARY T4 THEERBITOK
T, EREBHERICEEY RIZTTMIL
K13 Stage I1IB, 1IIC B X " &aEMFME, B
R, AX LNSBEBHEI0BEULTO3IDTH -
720 3 D0DMALAFHEFICIDOLHETIE
IHhvE, IRFoH, 2ETOHBLU3
HFoBIIoETA L, VFEEZRBRER
FNENIT%, 88%, 77%, 31% T, HHMH
THEEZRO. EREB LU AXLN TpCR
ERILEBHTFERRIFLESTH, AEIHOR
AT IRES L ER BRI 5 IEEFLE
Ths 9.

BEbYIC

FHTREEREMILIBICN T 5 PSTIZDOWT
REDLET VAN, ZEEL/ &
FCLHEBICEVPCREZHETL VA VO
FREX#ED ONL—HT, BEEOEWENEYE
IEbEITF—F— A4 FEEZEHT LD
DREENSHEICHFEIND, T/, pCROA
Db LT PSTEOFHTFHURERT % HEIC
B L, FhiCEDSWRisabhiEoEIL &
BHRBEEERT A EVSBROEELBET
»5.
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JBCRGO3 trial : Primary Systemic Chemotherapy Docetaxel 75mg/m? followed by FEC100 mg/m? for
Operable Breast Cancer —Review and Breakthrough Resulting from JBCRG01-02- : Ksahiwaba M*"?,
Wakabayashi G*!, Nakamura S*?, Kuroi K*?, Iwata H*?, Ohno S*2, Masuda N*?, Sato N*2, Asaga T*?,
Yamamoto N*2, Aogi K*2, Sato Y*?, Kurosumi M*2, Tsuda H*?, Akiyama F*? and Toi M*?(*'Iwate Medical
University, *2Japan Breast Cancer Research Group -JBCRG-)

Here we report on the concept and design of Japan Breast Cancer Research Group (JBCRG) 03 trail which
resulted from the experience of JBCRG01 ; FEC100 mg/.m2 followed by docetaxel 75mg/m? and JBCRGO2 ;
FEC100 mg/m? followed by docetaxel 100mg/m?. Our goal is to find the ultimate primary systemic therapy
for operable breast cancer. JBCRGO1 trial was started in 2002 to evaluate the efficacy and safety of FEC100
followed by docetaxel 75mg/m? for operable primary breast cancer. The subsequent JBCGRO02 trial used
increasing docetaxel from 75 mg/m? to 100mg/m? to try and improve results obtained in the interim analysis
of JBCRGO1. Our current study, JBCRG03 was designed as a reverse regimen to resolve some imﬁortant
issues arising from these previous studies. Here we discuss the issues encountered and the rational for our
methodology in this new trial. Further studies will maximize the results obtained in JBCRG01-03.

Key words : Breast cancer, Primary systemic chemotherapy, Clinical trial
Jpn ] Breast Cancer 22(5) : 372~375, 2007
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FIEBBICB VT, FisherOMEERFNCET2ETH R —EDERE» S B LEMEROMEEEL,
RIEBRFMBETH> THEL DBETCRHBEENEHTHBY, £z, X T7F VY ADFERIZRNVE
YR ACFREELDER - FECOV R 2 ETECE I E2XRL TR,

FEBEIZ I, locally-advance® B# izreduction chemotherapy & U TER L T X 7 fiinT{LEEE L,
42 1) in vivo COLEEEDRZMERER, 2) MEHE/MC X Sbreast conserving rate (BCR) 0O
£, 3) JREERRREIC L 3 FHEDsurrogate marker: L TEBERICHLEBEZEL T3, bhvbhiz
JBCRG T} L 72 JBCRGO1 2> & 03D F L Dtrial 2 WL TR O W HIR 2 HE T 5.

1 BFERIKRE
*2 Japan Breast Cancer Research Group (JBCRG)
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1. JBCRGOI~03DMRMLZ B EDERMF R

1) R DOWIELRZEEDESS
WEibFE LD BEH 1 B> C National Surgical Adjuvant Breast and Bowel Project (NSABP) o
2 DOtrial DFERIZS B DOEE Omilestone: L THFICKE A 87 b 2527, 1 D3NSABP-

B18TH v, YIBRAIBEASE (T 15, No-y, Mo) 1,5238x¢ U, ACH#E#k (doxorubicin 60mg/m?+ cyclophos-
phamide 600mg/m?) 4 %4 7 V& FHMEAHRICEEL SRR TH S, ZORBRIL 1) FHFTHETOLE
HEEBDS A 2 VI OEVRERRER, 2EFCERE LY, 2) FTACE TpCR (FEENE
=1 D%ELHK+DCISO 4 DERK) 8 5 h7: & TRIEpCROBECHK L EBEREFLIERICR
FThHhrEVWOEBERERZH6LY, $5 1 DENSABP-B27TH Y, YIREIREAE (Tl s,
Nooi, Mo) 2,400zt L, ACHER 4 44 7 Az docetaxel 100mg/m? 4 %4 7 V5 HidiIc S5 LT
%4, pCR (no tumor+DCIS) rated’13.7% 5 526.1% ¥ TREMICHET 2 2 L 2R L, WibsE
FEIC B BtaxaneDEEM #ALE T T 729,

2) UBEODOHIEIZE T BRLFEEDORK E IBCRGIIORK Y IL b

NSABP B-270#RSFER S NI22001F 4K, %< OABREGEEC L > ¢, MEHtEEREEFEYH
BRI H - 72 L BREIFEDIBIEEFSDOT Y7 — M ofdl 25, ZhiZ X 3% Lanthracyclinelc L T
13AC, EC (epirubicin+cyclophosphamide), FEC (fluorouracil+epirubicin+cyclophosphamide)
EBRDVYXUBALORTHIY, LEEANDBES» SR LD bREMIEEHSI N, ACKD D
FECOSEIR S W B {EEN A STz, Lo Lepirubicin® N AHdoseld20~90mg/m? & &4 Tglobal trial®
BRANBSLEHRATI2RBCBZ UL TH S, Taxanel L Tidsequential i3 FEC— Taxane
(T), AC—T, EC-T?%3, concurrentTiZTAC (docetaxel+doxorubicin+cyclophosphamide) [
LSENT 5Tz, sequential & concurrent D 53312 & 2 HMHEDE WL RNSABP-B27 £ TACOFER
2 Hsequential vV Y A VY DBRBENAHONL IR H>TER, IHoDtrial DFERPHESEEFEE2ZI T,
JBCRGTIiZJBCRGO1 study & U CYIBRATEEALIE (Tic-ss Noi, Mo) WXL TFEC100mg/m? X 4 foll-
owed by docetaxel 75mg/m*X 4 D&M L G RRET T 2BIKRER L 74 Lz (A,

3) JBCRGO2~DHRE

R EI I & A TdocetaxelDstandard doseid100mg/m?*TH D, JBCRG 01 TD75mg/m?*DFREIIZE
S Dtrial \OEESHB b Tz, 72, JBCRG 01T O HEENT ORFEEARETIC BV TRERZEORK
FEHEOTCHEOEEE T 2N L AEBRELR, D% D{E»IZpCRIZE & R WERHS
R I N/zZ L5 5 1) anthracycline & docetaxeliz & % sequential chemotherapy T ®global dose100
mg/m*DEREE, 2) docetaxelDEHAEERSIC X 3pCR  rateD[d) FO#ETD A2 JBCRGO2EER & L T
FEC100mg/m? X 4 followed by docetaxel 100mg/m2?X 4 B EEX 117z, = DRERIZ 12 JBCRGO1Eh0kE
HOWI 7 McHELUREHERIC L > TEMS R (F1).

3) JBCRGO3Mrationale & study design _

& 512, JBCRGOIDHGMETIZ & HER 1, R ORM e EZ 24 AH LTz, 1)FECHETORET
X% OFMHIC L D5 &S docetaxel DIFHEDED SN, EEUB L USIR 2 ETE R T 2GS H
52k, 2) FEC responder?’docetaxelBEZICHE L HEFSED SN Z &, 72 3) docetaxel
FefTregimen BN DOHEBR THREEI N TB VY, b ETDdocetaxel F£{TDMBIHLEREERET T 2R
Wb sk, oo JBCRGO1Dreverse regimen T H 5 docetaxel 75mg/m?X 4 followed by FEC
100mg/m?x 4 3JBCRGO3ZRER & L CTHEME L5 E -7 (K1), Primary endpoint i3 RBEAR R HI5%0
R (pCR rate), secondary endpointidZ &M, KSR, AERER, 3IFEAREFEETHD, F
EEREIX130%, FEBFHMIZ2005F 8 B0 5200657 B TO12A B TH -7z,
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2002.6~2004.6

& w & N=202
FEC 100 q3wks x 4 DOC 75 g3wks x 4
2004.8~2006.7 :
£ N=31
FEC 100 qawks x 4 DOC 100 q3wks x4
2005.10~2006.10
03 > PIPPWP > sugey 310
o 5 31Hp.
DOC 75 q3wks x 4 FEZ 100 g3wks x 4

1 JBCRG neoadjuvant 01-03 study design

2. & B

JBCRGO013 X *'JBCRGO2DFERIZ DWW TIZ, BICHEE N TV 55397, JBCRGO3W DWW I FELE
B 30BN L, EREOBEFIARIZ2005510 8 520065108 £ TD134 B CI3THIOESFE G, &
B ORI 137THFI1IFI T OREYT DOz, B ZIR - BBAMEL TEIERLavA, BEERT
ZEARERT, T2, ER»D/H 3 W IidPgREBMNS  BfFa Tz, MEHEME T HMmEK - FPskEid i
grade3-4 % & 57208, FEEMEIFEEREA idocetaxeli 5, FECKRSH LN 10%HIETH - 72,
—%, FEMEEY CIRFECI TEY, Bl -ELE X URRTRICB W Tgrade3»B@o Shizbs, fid
gradel-2TH Y BEMUNE» - 12, 2EMCFHET 2 L FECTRMKEHN &L HFEROREHE &
grade?S& <, docetaxel TR FZEERCEME, REHREEZ EOERIBEHUTH 1208, wihd.
gradelZ & ZEMHIIFT VW EE Z2 sl

3. & &

1) 01-03H5 /o h/-HKR
3ODERBEN SH/ONTHARE £ LD THS, JBCRGO1Tid LRI HHEIC BV> Tmanageable

DR S oo T RERE R T H A FEC1I00 2 A4 A, anthracycline—taxane TDEEREIEDOE H
M & #EF, JBCRGO2 Tidglobal dose T - 7zdocetaxel 100mg/m?~dDdose upiZ & 2REFEHIZHRD
[_E % #REE, JBCRGO3 TlddocetaxelSEfTic & 2 RAEM D M _EHERRK, WEFHHROAM ELCHFS TS
7, reverse regiment U735 SICHEESFNASNILBRIEE N LT X 5.

JBCRGO123Ba#A & 3172 20024F 48 CIIEHIRI T H - 7-FEC1000DE, pCR%* BIE & L - MALERE
T & BEEREAE, PR COFE % LR 2R - RBRFIREIB I TDH > 7272 D5, JBCRGO1
BHIARF13MEE% T H - 1z JBCRGEMEE% b JBCRGO3 T3 315E:% £ TN D 2 A ¥ 72, 72, JBCRGOL,
JBCRGO02, JBCRGO3DE MM & fEFI# %2 RE T &£, JBCRGO1TiZ2002FE 6 A 520046 B TD
25% B C202fEflbtenroll & fufz H3, TBCRGO2:RER T k24 A T50fEH), JBCRGO3Ti&134 A T13041 &
TEFIEFIAL—R LD, global trial DB# L EHR L 7-EERRERZS M~ Dinvestigator D BEAK & MTHT

—134—



AFBOMER %$22% - 855 20074108 A 375(23)

B FEBRORENEZ 7z,

2) SENDFHELRE

JBCRG01»5JBCRGO3 % CORBROERBIFEE R RRICELD DD TH 7. 1)51THBFECL00
mg/m?%®Docetaxel 75mg/m?% FHv>T ¥, B S o Zrchemo resistanceliFF#EL, < DFEFIC BT 3 Fik
DHEEBRD SN D, MEHCEEERCBRARELSE - IERIC ¥ 2 iR IEE 2 BRIL T 2 HBRSEFE
Litwiz®, bhubilizJBCRGO4 & L TBERE L H 5 EFIC3 T % capecitabines 8 5 O EHE & »
5 SRERFEHE, HREIL Cw3, 2) JBCRGOIFABRICE W CHRENMCE SN TEEDORELREDOREED
5, ERBBMEIZpCR rate BV EMBHO M E LT, ZORBELZRY, BFIEELEOBRENZ LWL E
% 2 5N AP EE xR Iaromatase inhibitor DEFXE S DERFBRPEMR I N TS, 3) [EFk
JBCRGOIZEER I B W TERHIIER L T 28I HER2B M E I & VL pCR ratedd s & L7z 48, ol RiIcE
H & f1 Atrastuzumab=°lapatinibZ ®HER?2 inhibitor, 4+ FEREE OB X 2 B 5pCR ratedfd
EBHIFE N T3, 4)]JBCRGO1, JBCRGO3WV:F HIZ BY>TdocetaxelDnon-responder S EHEL & 47z
Z &E»501-03DEEK 7 — % & Translational Research (TR) TOREX OiFHaxHa&bE T, MMk
HEkDbest selection?SHZE L R X hiz,

A

SEHNONIZIBCRGEEB & Uiz 3 DDERAB» SBS M AR EREMICRIEL 7. Bax Do
YT EOb b, 3WEOregimen AL EEEORER £ L TETS N, FEEFRLETAIMETH-
7o, HERBEOD &, LI PROEBEE2HERF LERKSHE LzpCR rate L AFL LOFERVBT O N
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Analysis of Non-Genetic Risk Factors for Adverse Skin Reactions to
Radiotherapy among 284 Breast Cancer Patients
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Hideya Yamazaki*®, Yoshihiro Kawakami*¢, Yoshifumi Matsui*"*', Hirohiko Tsujii*?, Junetsu Mizoe*?,
Eisei Oda*’*?, Yukihiro Fukunaga*®**, and Takashi Imai*'

*'RadGenomics Project, Frontier Research Center, National Institute of Radiological Sciences, *?Research Center
for Charged Particle Therapy, National Institute of Radiological Sciences, **Chiba Cancer Center, *“Chiba University
Hospital, **Toyonaka Municipal Hospital, **Kawakami Breast Thyroid Clinic, *’Foundation of Biomedical Research and
Innovation, *'Shimizu Kosei General Hospital, **Medical Toukei Corporation, **Dainippon Sumitomo Pharma Co., lid,
Japan.

Objectves: We analyzed non-genetic risk factors for adverse skin reactions to irradiation at 4 collabo-
rating Japanese institutions, to design future investigation into genetic risk factors for adverse skin reac-
tions to irradiation in a multicenter setting. :

Methods: From April 2001, 284 breast cancer patients, who underwent radiotherapy with breast-con-
serving surgery, were enrolled from 4 collaborating institutions in Japan. We graded skin reactions
according to international scoring systems. Clinical factors were tested against adverse effects.

Results: Grade 1+ skin reactions were observed in 261 (92%) of the patients in less than 3 months,
118 (42%) at 3 months, and 29 (10%) at 6 months in the late phase. Univariate analysis of treatment risk
factors (such as the use of a multileaf colimeter, wedge-filter, or immobilization device) for skin reactions
revealed a significant association (p <<0.0001). After a variable selection procedure with logistic regres-
sion, the institution, operative procedure, and magnitude of photon energy remained significantly associ-
ated with acute skin reactions. Only the institution was an explanatory variable for skin reactions at 3 and
6 months in the final logistic model.

Conclusion: After stratification, substantial remaining variations in the occurrence of skin reactions
of a given level suggested that individual genetic factors contribute markedly to individual radiosensitivi-
ty. Analysis of genetic factors associated with adverse effects would be possible by stratifying patients
according to institution. Selection of eligible institutions, where appropriate treatment modalities could be
performed, would also be possible when planning such a study.

Breast Cancer 13:300-307, 2006.

Key words: Radiation therapy, Adverse effects, Breast cancer

The number of breast cancer patients has been
increasing in Japan". Breast-conserving surgery
followed by radiotherapy is the most common
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form of primary breast cancer treatment for pati-
ents with early-stage breast cancer””. Radiothera-
py for breast cancer patients occasionally induces
adverse effects, such as poor cosmetic outcome?,
fibrosis or thickening of the dermis” and radiation
pneumonitis®, but the risk factors are not yet
understood™. Extrinsic factors such as age and
smoking habit are associated with radiation dam-
age of the skin™", and intrinsic factors such as
the cellular radiosensitivity of normal fibroblasts",
the level of TGF-beta polymorphisms™ ', and the
radiosensitivity of lymphocytes'”, are associated
with variability in the occurrence of subcutaneous
fibrosis. Safwat analyzed the occurrence of telang-
iectasia of the skin in patients treated with bilater-
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Table 1. Clinical Factors Used in Analysis of Skin Reaction

clinical factors
Institution Tumor occupation Irradiation fractions (fr)
Birth date Size of tumor (volume) Irradiation duaration (days)
Number of pregnancy TMN classification (T) Number of directions
Number of delivery TMN classification (N) Direction code

Age of menarche
Age of menopause
Number of children
Diabetes Mellitus
Collagen disease
Past history of cancer
Past history of radiotherapy
Smoking index
Alcohol habbit
Family history
Operation procedure

Stage

Chemotherapy
Involved field
Irradiation method

TMN classification (M)

Pathological diagnosis

Tumor margin yes or no
Receptor (breast cancer) ER
Receptor (breast cancer) PgR
Receptor (breast cancer) HER2

Irradiation dose (Gy)

Irradiation field (area)
Multileaf collimater
Wedge filter

Bolus

Immobilization devise
Boost therapy

Boost irradiated dose (Gy)
Boost duration (days)
Direction code of boost therapy
Irradiation field (area)
Boost bolus

al internal mammary fields, and found that app-
roximately 90% of the variability in radio-respon-
siveness in the right-sided field was explained by
radio-responsiveness in the left-sided field”®. These
facts suggest that genetic factors play a major role
in individual radiosensitivity and have stimulated
investigations into genetic risk factors for adverse
reactions to radiotherapy. We have collected infor-
mation on patient characteristics and treatment
details potentially related to adverse reactions to
radiotherapy, and have been analyzing blood sam-
~ ples obtained from all patients to investigate gene-
tic polymorphisms such as single nucleotide poly-
morphisms (SNPs). Although the final goal of the
research is to identify genetic factors predictive of
adverse reactions to radiotherapy, identification of
non-genetic factors associated with adverse events
remains important, as such factors need to be tak-
en into consideration when designing, analyzing
and interpreting data from research into genetic
factors. The present study undertook an explo-
ratory analysis of non-genetic risk factors in 284
breast cancer patients from 4 collaborating institu-
tions in Japan.

Patients and Methods

Patients

Beginning in April 2001, we enrolled 284 breast
cancer patients from 4 collaborating institutions in
Japan: the Research Center for Charged Particle
Therapy of the National Institute of Radiological
Sciences (NIRS), Chiba Cancer Center, Chiba Uni-

versity Hospital, and Toyonaka Municipal Hospi-
tal. All patients underwent radiotherapy after
breast-conserving surgery between 1989 and 2002
and were followed for more than 8 months. All
patients provided written informed consent.

FEthical Review

The study was approved by the Ethical Com-
mittee at the NIRS and by each collaborating insti-
tution. Patient privacy was safeguarded to the
highest level possible. A double anonymity system
was utilized for patient records, whereby each
patient was assigned a clinical number, a random
number, and a sample number at each step requir-
ing information, so that all names and identifying
information were deleted from the dataset. Identi-
fying information was managed at the Medical
Information Processing Office of the Research
Center for Charged Particle Therapy, NIRS™.

Radiotherapy

Radiotherapy was delivered to the breast using
the tangential irradiation technique. The total irra-
diation dose ranged from 42-60 Gy for all patients,
and 46-50 Gy for 253 (89%) patients. Fractionation
was 2.0 Gy, 5 times/week in most cases. The total
duration of irradiation was 30-40 days for 233
patients (82%). More than 60% of the patients were
treated with a 4-MV linear accelerator, and 30%
were treated with a 6-MV linear accelerator. The
primary site was given a boost dose in 100 pati-
ents (35%). In 85 of them, this was accomplished
with an electron beam to give an additional 10 Gy.
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Table 2. Patient Characteristics by Institution

Risk Factors for Adverse Reactions

Institution Ingitutional
Characteristics : : Total difference
(n=284)
A(n=66) B@m=90) C@®=64) D (@n=64) p-value*
Age at radiotherapy: Mean (Range) 52.5(36-74) 51.0 (33-73) 54.6 27-77) 53.5(2676) 52.7 (2677)  0.1070 (KW)
Complications
Collagen disease 1 2%) 2 (2%) 2 (3%) - 5 (2%) 0.6243 (FE)
Familiy history of breast cancer 35 (53%) 36 (40%) 25 (39%) 36 (56%) 132 (47%) 0.0894 (FE)
TNM stage classification 0.0284 (CS)
I v . - 6 (7%) 1 (2%) 3 (5%) 10 (4%)
Ia 51 (77%) 55 (61%) 32 (50%) 38 (59%) 176 (62%)
b 13 20%) 13 (14%) 22 (34%) 17 (27%) 65 (23%)
Ma 1 (2%) 7 (8%) 5 (8%) 5 (8%) 18 (6%)
b - 3 (3%) 1 (2%) - 4 (1%)
\% - 2 (2%) 1 (2%) - 3 (1%)
Unknown 1 (2%) 4 (4%) 2 (3%) 1 2% 8 (3%)
*KW: Kruskal-Wallis test, FE: Fisher’s Exact test, CS: Chi-Square test
Table 3. Treatment Details by Institution
Institution In;titutional
Treatment Total difference
n=284) ——-
A (n=66) B (n=90) C (n=64) D (n=64) p-value (Test")
Drug therapy <0.0001 (CS)
Chemotherapy - 6 (7%) 17 (27%) 6 (9%) 29 (10%)
Hormone therapy 49 (74%) 19 (21%) 30 (47%) 7 (11%) 105 (37%)
Both ) 17 (26%) 10 (11%) 10 (16%) 1 (2%) 38 (13%)
No drug - 55 (61%) 7 (11%) 50 (78%) 112 (39%)
Radiotherapy
Multi-leaf collimator 1 2%) 89 (99%) 53 (83%) 2 (3%) 145 (51%) <0.0001 (FE)
Wedge filter 45 (68%) 87 (97%) 62 (97%) 13 (20%) 207 (73%) <0.0001 (FE)
Bolus 13 (20%) - - - 13 (5%) <0.0001 (FE)
Immobilization device . - 87 (97%) 64 (100%) 64 (100%) 215 (76%) <0.0001 (FE)
Boost 23 (35%) 37 (41%) 20 (31%) 20 (31%) 100 (35%) 0.5275 (FE)

*KW: Kruskal-Wallis test, FE: Fisher’s Exact test, CS: Chi-Square test

Patient Characteristics and Treatment
Details

Table 1 lists the 45 clinical factors that we test-
ed with regard to adverse effects. Table 2 lists the
patient’s characteristics by institution, and Table 3
lists the treatment details. The mean age + SD
was similar for all institutions, but smoking habits
(Table 5), TNM stage, and invasiveness differed
significantly, as did the type of breast conserving
surgery (Table 5) and drug therapy.

302

Grade of Skin Reaction; Clinical
Radiosensitivity '

We graded adverse skin effects according to
the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) scoring system, version 2
(http://ctep.info.nih.gov), within 3 months of sta-
rting radiotherapy, and according to the Radiation
Therapy Oncology Group and European Organi-
zation for Research and Treatment of Cancer
(RTOG/EORTC) grading system at 3 or 6 months
after starting radiotherapy. These scoring systems
offer quantitative descriptive grades from 0 to 4.
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