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Summary Even with the standard first-line chemotherapy, advanced non-small cell lung
cancer (NSCLC) recurs in most cases. The purpose of this study is to develop a new chemother-
apeutic regimen for patients with NSCLC that has relapsed or was refractory to previous
chemotherapy. Patients with proven NSCLC refractory or recurrent after previous single-regimen
chemotherapy, PS of 0—2, age of 15 years or older, adequate organ functions and measurabte
lesions were treated with irinotecan at 60 mg/m? and cisplatin at 25 mg/m? with 1000 mi hydra-
tion on day 1. This administration, considered as one cycle, was repeated every week without
rest unless encountering defined skip and dose-reduction criteria. The treatment was adminis-
tered for six cycles over a 49-day period, both median values, to 48 patients, with a response
rate of 26%, progression free and median survival times of 3 and 11 months, respectively, and a
1-year survival rate of 46%. The most frequent grade 3 or 4 toxicities were neutropenia, anaemia
and nausea, which were manageable. Subset analyses suggested that the response rate was inde-
pendent of response to the first-line chemotherapy. In conclusion, second-line chemotherapy
of weekly irinotecan and cisplatin with minimum hydration seemed effective, with tolerable
toxicity, and is potentially useful irrespective of the outcome of previous chemotherapy.

© 2007 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Current standard first-line chemotherapies for advanced
NSCLC are four to six cycles of two-drug combina-
tions consisting of a platinum and one of the relatively
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the disease, and seek second-line treatment. Challenges to
the second-line treatment for NSCLC include chemotherapy
with a single agent of either cytotoxic or molecular-target
drug, and combination chemotherapy [2—5]. Despite a body
of reported phase |l studies, only monotherapies with doc-
etaxel [6] and erlotinib [2] have been evaluated in phase
Hll studies, and have been proven to prolong the survival
of patients with front-line chemotherapy-refractory and/or
relapsed NSCLC over best supportive care (BSC). In addition,
arandomized study comparing a new cytotoxic agent, peme-
trexed, with docetaxel for this situation was conducted,
revealing comparable survival data with preferable adverse
effects with pemetrexed, adding this agent to the list of can-
didates for standard second-line chemotherapy for NSCLC
71

Clinical relevance of irinotecan for advanced NSCLC has
been suggested by phase Il studies {8—14]. Its conventional
administration schedule for NSCLC, in Japan, is at a dose of
60mg/m? on days 1, 8, and 15, combined with 80 mg/m? of
cisplatin on day 1, every 4 weeks.

On the other hand, cisplatin in combination chemother-
apy for NSCLC evidently contributes to improving the
survivat of patients despite its relatively low response rate
as a single agent [15]. This unique characteristic may give
us hope that it might still have power in a second-line
therapy if it is combined with another active agent, even
for patients who had been previously treated with cis-
platin. It is usually administered to patients with NSCLC
at a dose of 60—80mg/m? every 3—4 weeks; however, its
weekly-fractionated administration was shown to be active
[16—18]. Weekly administration of cisplatin may require only
a minimal hydration volume that would be convenient and
advantageous for the patient’s quality of life.

Based on these facts, a phase |l study of weekly irinotecan
and cisplatin as a second-line chemotherapy for previously
treated patients with NSCLC was conducted.

2. Patients and methods
2.1. Eligibility

Patients meeting all the following criteria were enrolled
into this multicentre trial: proven NSCLC refractory or
recurrent after previous single-regimen chemotherapy,
interval of more than 4 weeks from the last chemother-
apy/radiotherapy, PS (ECOG) of 0—2, age of 15 years or
older, adequate organ functions (leucocytes >3000 mm-3,
neutrophils >=2000mm~3, haemoglobin >9.0g/d!, platelets
>100,000mm~3, total bilirubin <1.5g/dl, AST/ALT <twice
of normal value, creatinine <1.5mg/dl, creatinine clear-
ance >40ml/min, and Pa0, >70Torr), measurable lesions
by Response Evaluation Criteria in Solid Tumours (RECIST),
life expectancy exceeding 8 weeks, and written informed
consent. Patients with any of the following conditions
were ineligible: previous treatment with irinotecan and/or
surgery, requirement of thoracic irradiation, intersti-
tial lung disease, pleural effusion or ascites requir-
ing treatment, pericardial effusion, symptomatic brain
metastasis, concomitant malignancy or other inadequate
condition.

2.2, Pretreatment evaluation

The baseline evaluation included history with complete
record regarding the front-line treatment and concomitant
medical conditions, physical examinations, PS, complete
blood counts, serum chemistries and electrolytes, urinalysis,
chest radiogram, chest CT, abdominal CT, brain MRI with con-
trast medium enhancement otherwise contraindicated, and
bone scintigram. These examinations were to be performed
within 1 month prior to enroliment.

2.3. Drug administration

Irinotecan (60 mg/m? in 500-ml electrolyte solution, on day
1) and cisplatin (25 mg/m? in 500-ml saline, on day 1, with-
out further hydration) with prophylactic anti-emesis agents
consisting of either oral or intravenous 5-HT; agonist and
dexamethasone (8—16 mg) constitute one cycle of the reg-
imen and were administered every week for at least six
cycles unless encountering defined skip and dose-reduction
criteria. Post-treatment was withheld until evident disease
progression, followed by no restriction afterward.

2.4, Evaluation during chemotherapy

Symptoms, physical examination, complete blood counts,
and serum chemistries were checked twice in the first
week of chemotherapy, followed by weekly monitoring on
the same day of and prior to the next chemotherapeutic
administration. Chest radiogram was performed every week
primarily for evaluation of pulmonary toxicity. Chest CT

- and other radiographic modalities necessary for evaluating
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target lesions by RECIST were repeated every month until
evidence of disease progression.

2.5. Skip, dose modification and termination
criteria of chemotherapy

Drug administration was skipped when encountering any of
the following criteria on the same day and before the admin-
istration: grade 1 or more of fever (axillary) or diarrhoea,
grade 2 or more of leukocytopenia, elevated creatinine,
total bilirubin, peripheral neuropathy, myalgia/arthralgia,
pulmonary fibrosis or cardiac events, grade 3 or more of
nausea/vomiting/appetite loss, or thrombocytopenia of less
than 1.0 x 10°mm=3. If the condition recovered, the treat-
ment was resumed the following week after skipping. The
dose of irinotecan was reduced to 45 mg/m? when encoun-
tering any of the following criteria during the previous cycle:
grade 3 or more of thrombocytopenia, diarrhoea, or fever,
or grade 4 of leukocytopenia or neutropenia. Cisplatin dose
was also reduced to 20 mg/m? when encountering grade 2
or more of elevated creatinine, peripheral neuropathy, or
myalgia/arthralgia during the previous cycle. The treatment
was totally terminated when encountering any of the follow-
ing conditions: disease progression, successive three-time
administration skipping, meeting with any of the dose reduc-
tion criteria after one dose reduction experience, other
serious adverse events, or patient’s refusal.



Phase Il study of weekly irinotecan and cisplatin

2.6. Response and toxicity criteria

Tumour response to therapy was evaluated according to
RECIST, and was classified into four categories: complete
response (CR), partial response (PR), stable disease (SD)
and progressive disease (PD). All target lesions were re-
evaluated with the same imaging studies as used in the
pretreatment evaluation. A minimum of 6-week-interval
from the start of therapy was required for establishing SD.
All of the evaluation was confirmed or corrected by external
reviews of the CT scans. Toxicity during the entire course of
the therapy was evaluated, and the worst event was scored
according to the National Cancer Institute Common Toxicity
Criteria {NCI-CTC) version 2.0.

2.7. Statistical and ethical considerations

The primary endpoint of the study was to assess the overall
response rate (ORR}), and the secondary ones were to eval-
uate toxicity and survival data consisting of median survival
time (MST), median progression free survival (PFS) and 1-
year survival rate. Calculated minimum sample size was 43
based on Simon’s two-stage optimal design with target and
threshold response rate of 25 and 10%, respectively, with
a and 8 errors of 0.05 and 0.20, respectively, and a final
sample size of 48 was determined. The first stage required
at least 2 or more patients of 18 to have confirmed CR or
PR before proceeding to the second stage. In the second
stage, if a total of 7 or more amang 43 assessable patients
achieved CR or PR, then the primary endpoint waould have
been met. Survival time was measured from enroliment into
the study, and was analysed by Kaplan—Meier method. After
completing the study, some unplanned sub-set analyses on
response rate and survival were performed. The study was
approved by our institutional review board. It was registered
to the clinical trial registration system of UMIN-CTR with the
identification number of CO00000084 on 29 August 2005.

3. Results

3.1. Patient characteristics

From February 2002 to November 2005, 48 patients were
enrolled, and their characteristics are listed in Table 1.
The majority of the patients (81%) were male, and 60%
had adenocarcinoma. Prior chemotherapies were platinum-
based in 41 patients {86%) and non-platinum in 7 patients.
Thirteen patients (27%) were treated with thoracic irradi-
ation of curative or palliative intent. Twenty-four patients
(50%) achieved tumour response including one CR and 23
PR, and the other 24 patients showed no response to the
front-line treatment. As one patient died due to tumour pro-
gression after enrollment and before starting chemotherapy,
47 patients were eligible for evaluation of response rate and
toxicity, whereas all 48 were analysed for survival.

3.2. Treatment delivery and dose reduction

Chemotherapy was administered for a median of six cyctes
{ranging from 0 to 15), and median duration of chemother-
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Table 1 Patients characteristics
Characteristics No. of patient  Year %
(n=48)
Sex
Mate 39 81
Female 9 19
Age
Median 62
Range 36-73
PS
0 29 60
1 18 38
Y 1 2
Histology
Adeno 29 60
Squamous i4 29
Large 3 [}
NSCLC® 2 4
Prior chemotherapy
Cisplatin-containing 20 42
Carboptiatin-containing Al 44
Non-platinum 7 15
Prior radiotherapy
Thoracic, curative intent 12 25
Thoracic, palliative 1 2
Other than thoracic 7 15

3 NSCLC not further specified.

apy was 49 days (ranging from 0 to 168 days). Median dose
intensity was 49 (ranging from 24 to 65) mg/(m? week) for
irinotecan, and 20 {ranging from 10 to 25) mg/(m? week) for
cisptatin.

Dose reduction of irinotecan was done in three patients
because of grade 3 diarrhoea in 1 patient at the third cycle
(three cycles were administered and discontinued because
of recurrence of grade 3 diarrhoea in this patient), grade
3 diarrhoea plus grade 4 neutropenia in one patient at the
third cycle (four cycles were administered and discontinued
because of recurrent grade 3 diarrhoea in this patient), and
grade 4 thrombocytopenia in one patient at the fourth cycle
(six cycles were administered and discontinued because of
recurrent grade 3 thrombocytopenia in this patient). Cis-
platin was not reduced in dose in any of the cases. No patient
required delivery omission due to unresotved toxicity.

3.3. Antitumour activity

ORR was 26% (12/47) with a 95% confidence interval (Cl)
of 13—38%, with no CR, 12 PR, 30 SD and 5 PD. Unplanned
subset analyses demonstrated that response rates of the
second-line treatment were comparable between respon-
ders and non-responders to the front-line therapy (29% or
7/24 versus 22% or 5/23, p=0.74 by x* test), whereas PD by
the second-line therapy was seen significantly more often
in the non-responders (22% or 5/23) than the responders
(0/24), with a p value of 0.02. Similarly, patients with a
longer interval (3 or more than 3 months) from the last
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administration of the first-line chemotherapy to the study
enrollment and ones with a shorter interval (less than 3
months) had comparable ORRs (28% or 9/32 versus 27%
or 4/15, p=0.92 by x? test}. Patients treated with non-
platinum-based front-line therapy showed a trend of better
response rate (57% or 4/7) than patients with platinum-
based front-line therapy (20% or 8/40) without statistical
significance (p=0.06 by x? test). '

3.4. Toxicity

Toxicities affecting patients with grade 3 or 4 are listed in
Tabte 2, together with the grading of elevated serum cre-
atinine. The most frequent grade 3 or 4 toxicities were
neutropenia, anaemia, and nausea. Grade 3 or 4 diarrhoea
was seen in 11% of the 47 assessable patients. Elevated
serum creatinine was observed in 15 patients, 11 of them
with grade 1 and 4 with grade 2. Out of 42 patients with a
pre-treatment serum creatinine level of grade 0, elevated
creatinine was seen in 10 of them, 8 (19%) with grade 1 and
2 (4%) with grade 2. In contrast, 2 out of 5 patients with
a pre-treatment creatinine level of grade 1 upgraded to 2
{Table 2). There was no treatment-related death.

3.5. Third-line therapy and survival

Thirty-six out of the 47 patients underwent third-{ine
therapy. Fifteen of them were again treated with a
platinum-containing regimen, and 20 were treated with a
non-platinum regimen alone; gefitinib was administered at

Table 2 Toxicity and its freguency (n=47)

Toxicity Grage?
1 2 3 4 % {3
and 4)
Haematological
Leucocytopenia 4 14 5 3 17
Neutropenia 7 11 9 5 30
Neutropenic fever - -~ 6 0 13
Hypohaemoglobinemia 1 13 11 3 30
Thrombocytopenia 0 0 2 1 6
Non-haematological®
Nausea 13 7 10 0 21
Vomitting 4 4 4 0 9
Fatigue 6 8 0 1 2
Diarrhoea 13 8 5 0 11
Colitis 0 0 2 0 4
Infection w/o colitis 0 0 1 0 2
Increased serum creatinine
Total 1 4 0 0 0
Pretreatment Cr level
Grade 0 (n=42) 8 2 0 0 0
Grade 1 (n=5) 3 2 0 0 0

& The worst grade during entire chemotherapeutic courses in
each patient.

5 Only non-haematological toxicities including grade 3 and/or
4 are listed.
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Fig. 1 Kaplan—Meier survival curves of the 48 patients
treated with second-line chemotherapy consisting of weekly
irinotecan and cisptatin for 0S (A) and PFS (B) times starting
from study enrollment. '

least once for 20 patients, and one patient was treated by
thoracic radiotherapy alone. At a median follow-up intervat
of 11 months, five cases were still alive and censored (sur-
vival times of these five patients exceeded MST); median PFS
and MST were 3 (95% Cl: 3—4) and 11 (95% CI: 8—13) months,
respectively, and 1- and 2-year survival rates were 46% and
15%, respectively. Fig. 1 shows the Kaplan—Meier curves of
overall survival (OS) and PFS. Unplanned analyses demon-
strated that responders and non-responders to the front-line
chemotherapy had comparable MST (11 months in both
groups, p=0.50 by Log-rank test) and comparable median
PFS {4 months versus 2 months, respectively, p=0.12) by the
present second-line chemotherapy. Similarly, patients with
a longer interval (3 or more than 3 months) from the last
administration of the first-line chemotherapy to the study
enrollment and ones with a shorter interval (less than 3
months) had comparable MST (11 months in both groups,
p=0.70) and comparable median PFS (4 months versus 2
months, respectively, p=0.09) by the present second-line
chematherapy.

4, Discussion

Most patients with advanced NSCLC treated with chemother-
apy suffer from recurrence, and survival benefit of the
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response rate, MST and 1-year survival rate, and they were
equally observed regardless of tumour response to pretreat-
ment.

In conclusion, the present phase I trial with weekly
irinotecan and cisplatin as a second-line chemotherapy
for patients with pretreated NSCLC provided encourag-
ing response rate, survival data, and tolerable safety
profile, in concordance with the reproducible excellent
tumour response and survival data in the previous studies.
Unptanned subset analyses demonstrated possible non-
cross resistance to the front-line chemotherapy. Given this
promising information regarding the regimen, further stud-
ies in previously treated patients with NSCLC, especially for
patients refractory to previous therapy, are warranted.
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TP53 mutations are a poor prognostic factor in breast cancers, The
present study sets out to identify the gene set that determines the
expression signature of the TP53 status (TP53 signature) and to
correlate it with clinical outcome. Using comprehensive expression
analysis and DNA sequencing of the TP53 gene in 38 Japanese breast
cancer patients, a gene set from differentially expressed genes was
isolated, depending on the 7P53 status, As independent external
datasets, two published datasets were introduced for validation of
TPS53 status predictions (251 Swedish samples) and survival analysis
(both the Swedish and 295 Dutch samples). Thirty-three gene sets
were identified from microarray analysis, Predictive accuracy of the
TP53 status by gene expression profiling was 83.3% in the test set
(n = 12). TP53 signature has the ability to predict recurrence-free
survival (RFS) of 29 stage | and stage Il Japanese breast cancers (log
rank, P=0.032), and RFS, overall survival of two independently
published datasets (log rank, both P < 0.0001). Multivariate analysis
has shown that the TP53 signature an independent and significant
prognostic factor with a hazard ratio (HR) for recurrence and
survival in two external datasets {P < 0.0001). The TP53 signature is
also a strong prognostic factor in the subgroups: estrogen-receptor
positive, lymph node positive and negative, intermediate/high
risk in St. Gallen criteria, and high risk in National Cancer Institute
(NC) criteria (log rank, P < 0.0001). TP53 signature is a reliable and
independent predictor of the outcome of disease in operated
breast cancer. (Cancer 5¢i 2008; 99: 324-332)

B reast cancer is onc of the common malignant tumors
affecting women with an increasing incidence rate in many
countries. The prognosis of breast cancer is improving because
of multidisciplinary adjuvant treatments including chemotherapy,
hormone therapy, and radiotherapy. To assist patient management,
breast cancers are stratified into hormone receptor-positive and
-negative groups, lymph node (LN)-positive or -negative groups
or through prognostic criteria, such as St. Gallen and National
Institute of Health (NIH).“?' The current prognostic crileria,
however, are inadequate for predicting patients who have a high
mortality, especially in the early stages of the condition and in
patients who are most likely to benefit from adjuvant therapy.

Scveral studics have investigated the predictive value of TP53
mutation stalus for tumor response to treatment and patient out-
comg in various cancers with different clinical and methodological
settings. In the majority of breast cancer studics that screened
TP53 mutations by gene sequencing, the presence of a mutation
correlates with a shorter survival or a poor response to ireaunent.™
Although the TP53 mutations identified by sequencing (ke
exons 5-8 as independent prognosiic factor in a large number
(1790) of breast cancer patients,”” TP53 is an unpredictable 100l
for individual risk evaluation, metastases, and overall survival.
Because it is not easy 10 correctly evaluale TP53 status by standavd
DNA sequencing analysis,'™ an efficient biomarker for TP53
status may potentially improve its predictive value.

Cancer S¢i | February 2008 | vol.99 | no.2 1 324-332

Microarray technologies have contributed (o the characterization
of molccular pathways on tumorigenesis, drug sensitivity, and
prognosis of several cancers. For breast cancer, gene expression
profiles that determine the status of estrogen receptor (ER),
human epidermal growth factor receptor (HER?2), distant metas-
1asis, and prognosis by microarray-based transcriptome analysis
may predict patient outcome even in the early stages of cancer.™"”
These profiles thercfore seem to be beneficial for decision-making
in adjuvant treatment.

In our study, a gene sei capable of determining the TP53
mutation stacus has been identified. Furthermore, the expression
signature for the TPS53 status has been shown to be an independ-
ent prognostic marker and a significantly better biomarker for
predicting recurrence and patient survival than the currently
used clinical and pathological markers and hormonal markers in
the two independent datasets, 251 Swedish and 295 Duich breast
cancer cases. !9

Materials and Methods

Patients, As internal datasct, 40 Japancse patients with invasive
ductal carcinoma of the breast, operated at the Tohoku University
Hospital between March 2000 and November 2002 were collected.
An informed consent was obtained from the patients prior to
their participation in the study, which had been approved by the
ethical and legal committee of the Tohoku University School of
Medicine. Clinicopathological information was obtained from
patient records. Among the 40 patients, two samples with
heterozygous TP53 mutation were excluded for further analysis
and the remaining 38 samples were divided into two groups:
learning sample set (n = 26) for TP53 staws predictor gene set
sclection, and test sample set (z = {2) for validation of the gene
set. No overlapping sample was included in each sample set.

As two independent external datasets, microarray and clinico-
patheological data of 251 Swedish breast cancer samples (includ-
ing TP53 stas).!'™ and 295 Dutch breast cancer samples (not
including TP53 status),!"? were ohuained from Gene Expression
Omnibus (GEO) and the Rosetta Inpharmatics, respectively.
These datasets were used for validation of TP53 status predic-
tion (Swedish samples) and survival analysis (both Swedish and
Dutch samples).

Microdissection and nucleic acid extraction. The frozen tumeor
materials were embedded and sliced into 20-ptm thin sections by
a cryotome {Thermo Electron Corp., Waltham, MA, USA). Frozen
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sections were made according to the manufacturer’s instructions
and refrozen in —80°C until microdissection. From tumor tissue
sections, only tumorous cells were microdissected using a Leica
AS LMD system (Leica, Weizlar, Genmany). For RNA extraction.
tumor cells were collected in 50-pul. RLT buffer (Qiagen,
Valencia, CA, USA), containing 1% 2-mercaptoethanol and
100-450 ng of wtal RNA was extracted by using RNeasy micro
kit (Qiagen). The quality of RNA was confirmed by checking
the 28S and 18S ribosomal RNA ratios using a Bioanalyzer
(Agileni Technologies, Palo Alto, CA, USA). For DNA ex(raction,
wmor cells were collected in 50 uL Buffer ATL (Qiagen) and
20-200 ng genomic DNA was obtained using a DNeasy tissue
kit (Qiagen).

TP53 mutation analysis. TP53 gene fragments covering an entire
open reading frame were amplified from 2 o 10 ng genomic DNA
by polymerase chain reaction (PCR) and sequenced using
an automated CEQ2000XL DNA analysis system (Beckman
Coulter, Fullerton, CA. USA) under specific cycle and temperature
conditions as listed in Suppl. Table St and using oligonucleotides
primers listed in Suppl. Table S2.

Immunohistachemistry. Immunohistochemistry (IHC) analyses
were carried out at the pathelogy department of the Tohoku
University Hospital by using the following antibodies: monoclonal
anlibody estrogen receptor (ER) (Immunotech, Marscilles. France)
and mouse antiprogesterone receptor (PgR) monaclonal antibody
(Chemicon, Temecula, CA, USA) uatil December 2002; DAKO
monoclonal antihuman PgR, clone 636 (Dako, Carpinteria, CA,
USA) and polyclonal rabbit antihuman c-erbB2 oncoprotein
{DAKO} until June 2001; followed by Hercep test and monoclonal
mouse antihuman pS3 protein (Biomedia, Foster City, CA, USA).

Microarray analysis. Reference RNA pool was prepared by
mixing 50 ng RNA from: each tumor RNA sample. RNA from
each sample was amplified and labeled using a low input RNA
fluorescent finear amplification kit (Agilent). Microarray hybridi-
zations (Agilent: whole human genome oligo microarray; 41 k
unique probe) were carried out with | pg Cy3 labeled cRNA
and | pg Cy5 labeled cRNA, both prepared {rom cach sample
and reference pool, respectively, according to manufacturer’s
instruction. The gene expression data were analyzed by GeneSpring
6.2 (Silicon Genetics, Redwood City, CA, USA).

Microarray data analysis. To cxclude lower confident gences,
during analysis, a cut-off value of 200 was defined, which was
higher than the mean (104.4) plus twice the standard deviation
{24.4) of the reference (Cy5) background valucs, Following
the Lowess normalization, {9 206 genes, which had a signal
intensity value exceeding 200 in more than 32 samples (80% of
samples), were sclected from 41 000 genes and were used for
statistical analysis.

Predictor gene set for TP53 status. The gene sct that predicts
TP53 mutation status correctly (‘the predictor gene set for TP53
status’) was extracted using the following process. First, Wilcoxon
rank sum test with or without Benjamini and Hochberg
false discovery rate (FDR),""” was used to select genes that were
differentially expressed between mutant 7253 and wild type
TP53 in the learning sample set (=26, sec Materials and
Methods). Sccond, selected genes were cross-validated by the
K-ncarcst neighbor method with the leavec-onc-out method in
the same learning set. Finally, to confirm the prediction accuracy of
the gene set, the test sample set, which consists of independent
samples from the learning sample set (n=12), was used for
validation.

TP53 status prediction. The mutant p53 expression signature
{(mPES) was defined as the average of the expression leve! of
cach predictor gene for the samples with 753 mutation in the
learning sample set. The wild type p53 expression signature
(WPES) was defined as the average of the expression level of
cach predictor gene (or the samples with wild type 7P53 in the
learning sample set. The prediction was based on correlations of
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the expression profile of each sample with mPES and the wPES,
respectively. In the simple prediction, if 4 sample showed better
correlation with wPES than mPES, it was considered as a wild
type. In the wild-type specific prediction, if a sample showed
positive correlation with wPES and negative correlation with
mPES with P < 0.05, respectively, it was assigned o wild type.
The other samples were assigned (o non-wild type.

Survival analyses. Kaplan-Meter survival curves for recurrence-
free survival (RFS), overall survival (OS), and survival after
recurrence were compared using the Cox-Mantel log rank test.
Multivariate analyses were carried out using the Cox-proportional
liazards model and statistical analyses were carricd out using
SPSS14.0 (SPSS Inc., Chicago, IL, USA).

Results

Mutation analysis of TP53. TP53 mutations were detected in 20
out of 40 umors {50%). There were 13 missense mutations, five
protein-truncating mutations (three nonsense and two frameshift
mutations), and two splicing-site mutations (Suppl. Table §3).
All of the muwations were plotied in the DNA binding domain
of p53. To validate whether mutations were functionally inactivating
p33 protein, the 13 missense mutations were confirmed as loss-
of-function mutations by our database for transactivation activity of
P53 mutants (Suppt Fig. S1).% In two samples of 13 missense
mutations, helerozygous TP53 misscnse mutations were detected.
The five protein-truncating mutations and the wo splicing-site
mutations were assigned 10 loss-of-function mutations, because
these mutations should eliminate functionally important domains
and the carboxyl-terminal tetramerization domain and/or part of
the DNA binding domain. Furthermore. by immunohistochemical
staining of the p53 protein (p53 1HC), nuclear accumulation of
the p53 protein was confirmed in all of the missense mutation
cases exceplt for the seven non-missense mutation cases (Suppl.
Table S4). The characteristics of 40 Japanese patients with invasive
ductal carcinoma of the breast by TPS53 status (sequence based),
are shown in Suppl. Table S5. Consistent with previous studies.
significant differences were noted in nuclear pleomorphism,
mitotic counts, histological grade. ER, progesteron receptor. and
pS3 [HC (P < 0.05). but not in other clinical parameters {age,
tumor size, LN status, and stage) among the TP53 wild type and
mutant status in the cohort.

Predictor gene set for TP53 status. From the result of mutation
analysis, the two samples with helcrozygous TPS3 missense
mutations were excluded because the tumor cells may retain
normal p52 function. The remaining 38 samples were divided
into two groups: learning sample set (26 samples consisting of
12 samples with TP53 mutation and 14 samples with wild type
TP53) for prediclor gene selection and test sample set (12 samples
consisting of six samples with TP53 mutation and six samples
with wild type TP33) for validation of the gene set. Wilcoxon
rank sum test with or withoul FDR was used to select genes that
were differentially expressed between mutant 7P53 (12 samples)
and wild type TP53 (14 samples) in the learning sample set. The
four predictor gene sets were identified depending on the distincl
selection conditions. These consisted of 497 genes. 70 genes, 33
genes, and 10 genes for four distinet conditions: P < 0.05 without
FDR, £ < 0.1 with FDR, P < 0.05 with FDR, and P < 0.01 with
FDR, respectively (Suppl. Table $6). Seiected genes were cross-
validated by the leave-one-out method in the learning sample set.
Finally, the gene sets were validated by using the test sample set
that consisted of six samples with mutant TP53 and six samples
with wild type TP53. The prediction accuracy of the 33 genes
was the best predictor gene set among the four selection
conditions and was [00% in the leaming sct (lcave-onc-out cross-
validation) and 83.3% in the test set (overall 94.7%) (Suppl.
Tabie S6). The 33 genes consisted of 24 upregulated genes and
ninc downrcgulated genes in mutant TP53 samples (Table 1).

Cancer Sci | February 2008 1 vol. 99 | no.2 | 325
© 2008 Japanese Cancer Association



Table 1. The 33 genes identified as a predictor gene set for TP53 status

GenBank Common Map Description 31 gene set 26 gene set
Upregulated gene in mutant TP53
NM_012325 MAPRE1 20g11.1-11.23 Microtubule-associated protein, RP/EB family, member 1 * *
NM_018131 C10orf3 10g23.33 Chromosome 10 open reading frame 3 * *
NM_012222 MUTYH 1p34.3-p32.1 mutY homolog (E. coli) * *
NM_152259 MGC45866 15g26.1 Hypothetical protein MGC45866 *
NM_003981 PRC1 15926.1 Protein regulator of cytokinesis 1 * *
NM_006845 KiF2C 1p34.1 Kinesin family member 2C * *
AK001581 FL310719 15q25-926 Hypothetical protein FLJ10719 *
NM_004701 CCNB2 .15921.3 Cyclin B2 * *
NM_001813 CENPE 4q24-925 Centromere protein E, 312 kDa * *
NM_004219 PTTG1 5q35.1 Pituitary tumor-transforming 1 (securin) * *
NM_005563 STMN1 1p36.1-p35 Stathmin t/oncoprotein 18 * *
NM_018101 CDCA8 1p34.2 Cell division cycle assoctated 8 * *
NM_005030 PLK 16p12.3 Polo-like kinase (Drosophila) * *
NM_138555 ANAPC? 12q13.12 Anaphase-promoting complex subunit 7 * *
NM_018136 ASPM 1931 Asp (abnormal spindle)-like, microcephaly associated * *
(Drosophila)
NM_181803 UBE2C 20g13.12 Ubiguitin-conjugating enzyme E2C * *
8C000784 BIRCS 17q25 Baculoviral IAP repeat-containing 5 (survivin} * *
NM_014176 HSPC150 1g32.1 HSPC150 protein similar to ubiquitin-conjugating enzyme * *
NM_016343 CENPF 1g32-g41 Centromere protein F, 350/400 ka {mitosin) * *
NM_182687 PKMYT1 16p13.3 Membrane-associated tyrosine- and threonine-specific * *
cde2-inhibitory kinase
NM_003504 cbCasL 22911.2% CDC45 cell division cycle 45-like (S. cerevisiae) *
NM_138553 BCL11A 2pt6.1 B-cell CLUlymphoma 11 A (zinc finger protein) * *
NM_173083 TGS 1g42.13 TUDOR gene similar *
BF930764 BF930764 Homo sapiens transcribed sequence with strong similarity

Down-regurated gene in mutant TP53

NM_017572
NM_015920
NM_080392
NM_016210
NM_018837
AK023624

NM_018379
NM_145058
NM_032780

MKNK2
RPS27L
PTP4A2
LOC51161
SULF2
His1
FLJ11280
MGC7036
FLJ1439%

19p13.3
15922.1
1p35

3p21.3
20q12-q13.2
17921.31
1921.3
12q24.31
11923.3

to protein sp.P05215 (H.sapiens) TBA4_HUMAN Tubulin
alpha-4 chain {(Alpha-tubulin 4)

MAP kinase-interacting serine/threonine kinase 2 * *
Ribosomal protein S27-like * : *
Protein tyrosine phosphatase type IVA, member 2 * ' *
G20 protein * *

*

Sulfatase 2

HMBA-inducible

Hypothetical protein FLI11280
Hypothetical protein MGC7036
Hypothetical protein FLJ14399

LI I
*

»

HMBA, hexamethylene bis-acetamide; MAP, mitogen activating protein.
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Fig. 1. Recurrence free survival analysis stratified
P=0.8839 by a wild type and mutant type signature (a) or
0.0 s N « . ) the result of immunohistochemistry of p53 (b) in
0 1 2 3 4 s 29 Japanese patients with stage | and It breast
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The gene expression patterns of the learning sample set and the  prognosis in stage 1 and I breast cancer, survival analysis was
test sample set are shown in Suppl. Fig. $2.

Survival analysis by predicted P53 status in patients with stage |  and IV cases, as well as one stage IIA case that died because of
and il tumors. To determine whether the best predictor gene set  gallbladder cancer, were excluded from the 38 samples. Then
(33 genes) for TP53 status has also the ability to predict  the remaining 29 samples {(containing 14 and 15 cases predicted
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carried out. To exclude advanced discase samples, eight stage 1
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as mutant and wild type TP53, respectively) were analyzed for
RFS (Fig. 1). Becausc the number of patients in the test set for
validation was too small for survival analysis, we used both the
learning set and the test set in survival analysis. Although the
observation period was short (mean observation period: 44 months)
and the sample size small, RFS showed significant difference
between 7P53 mutation and TP53 wild type cases (P =0.0322,
log rank test) (Fig. 1a). All four recurrent cases were only from
the TP53 mutant cases, whereas no recurrent case was observed
in 15 TP53 wild type cases. However, there was no difference
between IHC positive and negative cases (Fig. tb).

TP53 status prediction in external Swedish dataset, To confirm
the accuracy of TP53 status prediction in a large external sample
set, 251 Swedish breast cancer samples.'"® were used. Among
the predictor gene set for TP53 status (33 genes), 31 genes were
found in the provided Swedish dataset (Table 1). The predictive
accuracy of the 31 genes (100% in learning set and 83.3%
in test set) was equal to that of the 33 genes (Suppl. Table S6).
TP53 status prediction was carried out by the simple prediction
{wild type or mutant type) and the wild-(ype specific prediction
(wild type or non-wild type) (see Materials and Methods) using
31 genes (Suppl. Table S7). The predictive accuracy was 78.5%
(197/251) and 62.5% (157/251) in the simple prediction and the
wild-type specific prediction, respectively. Although the predictive
accuracy of the wild-type specific prediction was lower than that
of (he simple prediction, specificity of predicting wild type was
higher in the wild-type specific prediction (102 of 105. 97.1%)
than in the simple prediction (154 of 169, 91.1%).

Survival analysis using TP53 status prediction in two external datasets,
To examine the predictive vatue of our gene set on patient survival,
two external datasets were used. In the Swedish dataset, 15 cases
with no survival dala were excluded and the remaining 236
samples were analyzed by using the 31 genes. In the simple
prediction (158 wild type and 78 mutant type), OS was significantly
(P < 0.005, log rank test) beuter in cases predicted as wild 1ype
than that of mutants (Fig. 2a). Five/10-year survival rates of wild
type or mutant type were 87.0/81.0% or 76.0/62.8%, respectively.
In the wild-type specific prediction (96 wild type and 140 non-
wild type), the difference between the survival rate of wild type
and that of non-wild type was also significant (P < 0.0001, log
rank test) (Fig. 2b). Five/10-year survival rates of wild type or
non-wild 1ype were 94.7/89.8% or 73.3/65.7%, rcspectively.
Obviously, predictive value of OS in the wild-type specific
prediction was betier than that in the simple prediction, although
the predictive accuracy of TP53 mutation in the former was
worse than that in the latéer.

As a second external datasel, the 295 Dutch breast cancer
cascs!? were analyzed. Among the predictor gene sct for TPS3
status (33 genes), 26 genes were found in the provided Dutch
dataset (Table 1). The predictive accuracy of the 26 genes (100%
in Icarning sct and 83.3% in the test set) was equal to that of the
33 genes (Suppl. Table $6). T7P53 status of the 295 cascs was
predicted using the 26 genes by the simple prediction (176 wild
type and 119 mutant type) and the wild-type specific prediction
(104 wild type, 191 non-wild type). Sequence-based TP53
status in the 295 cases was not available and therefore the pre-
dictive accuracy of the TP53 status was not verified in the cohort.
Based on the 7P53 status prediction results, the RFS (Fig. 2¢,d)
and OS (Fig. 2¢,1) were analyzed. All the results showed significant
difference in both RES and OS between wild type and the other
type {(mutant type or non-wild type) (£ <0.0001, log rank test).
In the simple prediction, five/10-year survival rates of wild type
or mutant type were 93.4/82.2% or 68.1/52.3%, respectively. In
the wild-type specific prediction, five/10G-year survival rates of wild
type or non-wild type were 98.0/90.2% or 75.4/59.6%, respec-
tively. These results were very similar to the 251 Swedish breast
cancer dataset and showed that the wild-type specific prediction
was superior in predicting the wild type subgroup to the simple
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prediction. The expression profile of the TP53 status could also
predicl survival periods after recurrence (Suppl. Fig. S3). There
were significant differences between the wild type and the
mutant type by the simple prediction (P < 0.0001, log rank (est)
and the non-wild type in the wild specific prediction (£ < 0.005,
log rank test). Predictive value of the sutvival period afier recur-
rence by the simple prediction scemed (o be beiter than that by
the wild-type specific prediction.

RFS and OS analysis in a stratified group of patients. Predictive
value of the expression profile of the 31 genes (251 Swedish dataset,
Fig. 3a and b) and 26 genes (295 Dutch dawaset, Fig. 3c-f) were
examined in a stratified subgroup on ER status and LN status.
We chose the wild-type specific prediction because it was more
predictable than the simple prediction in unsiratified samples.
Clearly, there were significant differences between the wild type
and non-wild type for survival in ER-positive, LN-positive and
LIN-negative subgroups in terms of both RES and OS. In contrast,
there was no significant difference between ER-positive and
ER-negative or between LN-positive and LN-negative subgroups
in both wild type and non-wild 1ype.

Comparison with St. Gallen and NIH criteria. By the two published
consensus criteria, the 2001 St. Gallen criteria,”? and the 200!
NIH criteria,'" only 22 (7.5%) and 11 (3.7%) of the 295 Duich
paticnts were classified into low risk subgroup, respectively.®V
Thetrefore the majority of the remaining patients were recommended
10 receive adjuvant systemic therapy. In contrast, the wild-type
specific prediction classified 295 patients into 104 wild type
(35.3%) and 191 non-wild types (64.7%) for the TP53 status
(Fig. 4). As expected, there were significant differences between
wild type and non-wild wype in TPS53 status for both RFS and
OS in Su Gallen high-risk group and NIH high-risk group
(P <0.0001, tog rank test). These results suggest that the gene
set used in this study has ihe ability (o identify low-risk patients
who were not identified by the St. Gallen (Fig. 4a) or NIH
criteria (Fig. 4b). They would not necessarily receive adjuvant
syslemic therapy. In contrast, there were no differences between
the St. Gallen low risk group and the St. Gallen high risk group
in wild type and in non-wild type cases. :

Multivariable analysis. Table 2 shows the results of multivariable
analysis of RFS and OS by the Cox proportional-hazard model.
Hazard ratio (HR) of the wild-type specific prediction for OS
was 3.08 (95% confidence interval [CI] [1.52-6.24], P = 0.002)
in the Swedish dataset of 251 and 4.11 (95% CI {1.89-8.95],
P <0.001) in the Dutch dataset of 295. The HR for RFS was
2.63 (95% CI [1.49-4.35], P <0.001) in the Duich dataset.
These results indicate that the wild-lype specific prediction for
TP53 status was independent and a significant prognostic factor
in the two external datasets.

Discussion

Techniques used (o determine the TP53 mutation should be
highly specific and sensitive in order to isolate the accurate
predictor gene set for TP53 status. The sensitivity of mutation
detection was maximized by microdissecting only the tumor
cells in order to avoid contamination of normal cells and by
scquencing the entire coding region of the TP53 including the
mutation outside of the DNA-binding domain.®?? Maximum
specificity was achieved by evaluating pathogenicity of the
detected missense tnutations using the comprehensive TP53
database for (ransactivation function,™ thereby avoiding rare
polymorphism or junk sequences caused by PCR error!™ and by
confirming nuclear accumulation of the expressed mutant pS3
using [HC in the case of missense mutations. Although the
characteristics  (distribution and mutation types) of detected
TP53 mutations were consistent with previous reports, the
detection rate (50%) exceeded 1he average prevalence of the TP53
mutation of breast cancers (20.0-25.6%).%" The technique used
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achieved maximal detection of TP33 mutation and satisfactorily
isolated the predictor 33 genes for the TP53 status. Recenly,
Miller ef al. veported that the expression signature of 32 genes

for the TPS3 status has the ability to predict overall survival of

251 Swedish patients.!'™® Surprisingly, there was no overlapped

gene between the 32 genes and our 33 genes. The predictive

accuracy for TP53 status by the 33 genes in the Swedish dataset

(78.5%) seems 10 be slightly lower than (hat in he tes( set of

Takahashi et al,
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Japanese patients (83.3%). The interpretation of the prediclive
accuracy is difficult because there are large differences in the
mutation prevalence between Jlapanese samples (50%) and
Swedish samples (23%). We speculate that the difference may
be due 10 the diflerent sensitivity of mutation detection (with or
without microdissection and genomic or cDNA sequencing)
and the different specificity of the detected muwations (with or
withowt functional analysis).
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Fig. 4. Recurrence free survival (RFS) (left panel) and overall survival (OS) (right panel) analyses stratified by St. Gallen criteria (a) and National
Institute of Health (NiR) criteria (b} in the Dutch dataset. P-values of log rank test are indicated.

Table 2. Muiltivariate analyses by Cox-proportional hazards regression model

251 Swedish dataset

295 Dutch dataset

Vriable Overall survival Recurrence free survival Overall survival

HR! 95% <l P HR 95% Cl P HR 95% (I P
ER' 1.79 0.73-4.37 0.20 1.17 0.84-1.63 0.36 113 0.77-1.67 0.54
HER2® 1.32 0.99-1.76 0.06 1.35 0.96-1.82 0.08 1.83 1.24-2.73 0.00264
Lymphnode (versus negative node) 343 2.01-6.06 8.56E-06 0.87 0.61-1.25 0.45 0.89 0.57-1.40 0.62
TP53 status (versus wild type)® 3.08 1.52-6.24 1.79E-03 2.63 1.58-4.35 0.000179 411 1.89-8.95 0.000368

'Biochemical assay data (versus positive) was used in the Swedish dataset and the log ratio of ESR1 expression was used as a continuous variable
in the Dutch dataset. *The log ratio of HER2 expression was used as a continuous variable. *The wild-type specific prediction by expression profile.

Cl, confidence interval; HR, hazard ratio.

The predictor gene set for TP53 status (33 genes) consists of
24 upregulated genes and nine downregulated genes in samples
with 7P53 mutations. Of the 24 upregulated genes, 14 genes
have molecular functions related o cell cycle and/or cell divi-
sion. The high {requency of cell cycle/division-related genes is
also observed when analysis is extended to 757 genes, depend-
ing on TP53 slatus (identified by Wilcoxon rank sum test) and
analyzed for gene (or pathway) ontology (data not shown). It is
speculated that cell cycle control was directly or indirectly dis-
rupted by TPS3 mutation in tumor cells and that proliferation of

330

tutnor cells with T2S53 mutation increased rapidly compared with
cells without 7P53 mutation. ln fact, mitotic counts of samples
with TP53 mutation were higher compared with the wild type
used in this study (Suppl. Table St, P <0.001). Recenily, Dai
et al. examined a gene expression signature reldated to a poor
outcome in breast cancer and they identified 50 genes as a prog-
nostic gene set.!™ Because many of the genes that were highly
expressed in the tumors of poor prognosis were cell cycle-
associaled genes, they speculated that the cell proliferation
signature was a marker ol poor outcome in ER/age in high-risk

doi: 10.1111/j.1349-7006.2007.00691.x
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breast cancer patients. Interestingly. seven genes (UBE2C or
UBCHI10, CCNB2, KIF2C or KNSL&, PRC1, CDC45L, PKMYTH,
and BRICS) in the TP53-status gene set (33 genes), all of which
have cell cycle or cell division associated molecular lunction,
were also found in their prognostic gene set (50 genes). Although
the two studies used different samples and different technologies,
the similar resulis confirmed that cell proliferation in breast cancer
was greatly influenced by 7P33 status and that the 7P53 status
was one of the important factors that define malignant potential
ol cancer cells and poor outcome of patients. The 70 gene set
for prognosis prediction was reported by van’t Veer ef al.®
There was only one overlapping gene (PRCI) between the 70
gene sel and our TP53 prediclor gene set. 1t is conceivable that
most of the breast cancers with good signature in the 70 genes
should retain wild type pS53, even though information on TP53
mutation status for the 295 Dutch cases was not available. This
observation again underlines the importance of the biological
function of p53 in clinical behavior of breast cancer.

Basced on expression signature, the prognosis for the predicied
TP53 status by both the simple prediction and the wild-type
specific prediction significantly corrclated (o RES in 29 Japanese
stage I and [1 breast cancer patients. Moreover, it was shown
that predicted TP53 status provided a highly significant correla-
tion to OS in 251 Swedish breast cancers and to RFS, OS, and
survival after recurrence in the 295 Dutch breast cancers. Although
both prediction methods were significantly uscful, the wild-type
specific prediction (wild {ype, or non-wild type) had the greater
ability to predict prognosis than the simple prediction. For
example, in Dutch dataset, 6.3% (11 of 176) of wild type and
31.3% (37 of 119) of mutant type by the simple prediction died
within § years. In contrast, 1.9% (2 of 104) of wild type and
38.7% (46 of 119) of non-wild type by the wild-type specific
prediction died within § ycars. From the point of clinical
practice, a better prognostic stratification is important becausc
the application of adjuvant chemotherapy after surgery may be
reduced because patients are expected to have less chance of
recurrence. The current St. Gallen criteria recommend that fow
risk paticnts should be ircated by only adjuvant endocrine
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therapy (not by chemotherapy).”? Unfortunately, only a small
fraction of patients were stratified as low risk by St. Gallen
criteria (21 of 295, 7%) and NIH criteria (11 of 295, 4%).
Therefore, many patients with a potentially good prognosis have
possibly been over-treated under the current decision-making
criteria. In contrast, the wild-type specific prediction has the
ability to stratify 96 of 236 Swedish patients (40.7%) and 104
of 295 Dutch patients {35.3%) into the wild type category in
which the clinical outcome for both RFS and OS was comparable
1o that of the St. Gallen and the NEH low risk group (Figs 2b.d.f;
4a,b). Therefore, the microarray-based method should improve
the selection of patients who may benefit from adjuvant systemic
therapy as described by the other groups.®143 Beyond the
microarray analysis. expression profile of a limited number of
gencs is clearly simpler than the sequence analysis and once the
gene sel is identified, the technique will soon be automated and
the cost will be minimized. Furthenmore, the statistical analysis
needed for prediction was only correlation coefficient: once the
system is cstablished, full-powered statistical analyses are no
longer required.

This study has shown that the expression signature of the 7P52
status was useful for stratification of good or poar risk groups of
breast cancer paticnts. The dara also indicates that the metastatic
potential of breast cancer is acquired at a relatively early stage

~of the condition (initiation model, rather than progression model),**

and that p53 scems to be involved in the carly stages of carcino-
genesis of the mammary gland. Because TP53 mutation status is
a prognostic factor in various cancers, including lung cancer,
colonic cancer, and urinary bladder cancer, and because the bio-
logical role of pS3 should be no different from breast cancer and
other cancers, the TPS53 signature is potentially applicable to
cancers other than breast cancer. '
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The following supplemeniary material is available for this article:

Fig. S1. Functional validation of 12 missense nutaijons detected in this swudy. Transcriptional activities of missense mutations and wild type p53
through p53-binding sequences derived from cight indicatcd genes were shown as a color gradiation based on standardized valucs among 2314
reported mutations (ref). Red, transceriptionally active; blue, transcriptionally inactive.

Fig. §2. Expression profile of 33 genes predictable for TPS3 status and correlation coefficient. (A) The mutant (mPES) and wild type p53 expression
signaturcs (wPIES) were defined as the average of the expression level of the cach predictor gene for the £2 samiples with TPS3 mutation and the 14
samples with wild type TPS3, respectively. in the leaming sample set (upper panel). Prediction was made based on the correlations of the expression
profile of each sample with the mPES and the wPES (lower panet). (B) Validation of prediction accuracy in the test set. Two samples were incorvectly
predicted (triangles). The order of the smmples and the 33 genes depends on the correlation with mPES and the average expression value of each gene
in the fearning sct, respectively.

Fig. $3. Survival after recwrrence analyzed by the simple prediction (left panel) or the wild-type specific prediction (right panef) analysis.

Table S1. Polymerase chain reactionprimers

‘Fable §2. Polymerase chain reaction conditions

‘Fable S3.  Sumumary of P33 mutation detected in this study

‘Fable 84. Rclation between 7253 mutation and imsunohistochemistry

‘Table §5. Paticats and wmor characteristics . -
'Table $6. Predictor Gene Set for TP53 Siatus

Table 87.  Validation of TP33 status prediction by cxpression profile by external datasct.

This material is available as part of the online article from:
hup://www.blackwell-synergy.com/doifabs/10.1 11 1/j.1349-7006.2008.00691.x
<hup:f/www.blackwell-synergy.com/doifabs/10.11 1 1/i.1349-7006.2008.00691.x>
(This link will take you to the article absiract).
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332 doi: 10.1111/5.1349-7006.2007.00691.x
© 2008 Japanese Cancer Association

334



Breast Cancer Res Treat (2007) 103:313-318
DOT 10.1007/s10549-006-9384-8

CLINICAL TRIAL -~

Prediction of response to repeat utilization of anthracycline
in recurrent breast cancer patients previously administered
anthracycline-containing chemotherapeutic regimens

as neoadjuvant or adjuvant chemotherapy

Kan Youemori - Noriyuki Katsumata - Masayuki Kaneko - Hajime Uno -
Koji Matsumoto - Tsutomu Kouno + Chikako Shimizu - Masashi Ando -

Masahiro Takeuchi - Yasuhiro Fujiwara

Received: 14 August 2006/ Accepled: 16 August 2006/ Published online: 25 October 2006

© Springer Science+Business Media B.V. 2006

Summary

Purpose: The aim of this study was to identify the pre-
dictors of the response to doxorubicin plus cyclophos-
phamide in patients with recurrent breast cancer (RBC)
previously treated with anthracycline-containing regi-
mens in a neoadjuvant or adjuvant setting.

Method: Between December 1993 and October 2005,
664 patients had received combined doxorubicin plus
cyclophosphamide chemotherapy (doxorubicin, 40 mg/
m?, iv on day 1 cyclophosphamide, 500 mg/m?, iv on
day 1. every 21 days) for RBC at our institution. In this
study, we retrospectively analyzed the efficacy of
doxorubicin plus cyclophosphamide in 99 of these 664
RBC patients who had also previously been adminis-
tered an anthracycline-based chemotherapy in a neo-
adjuvant or adjuvant setting.

Results: The median cumulative dose of the previ-
ously administered anthracycline was 156 mg/m?. The
median  discase-free  interval (DFT) and median
anthracycline-free interval were 33.8 and 43.7 months,
respectively. The overall response rate to doxoerubicin
plus cyclophosphamide therapy was 38.4% (95% CT;
range, 28.8-48.0%). The median time to progression
and overall survival were 6.2 and 17.5 months,
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respectively, The results of a multivariate logistic
regression analysis revealed a significant association of
the response to doxorubicin plus cyclophosphamide
therapy with the DFI (P = 0.02): human epidermal
receptor type 2 (HER2) status also tended o affect
the response rate. however the association was not
statistically significant (P = (0L.06).

Conclusion: DFT and HER2 status may be associated
with the responsc to repeat utilization of anthracycline-
containing regimens in RBC patients also treated
previously with anthracycline-containing chemothera-
peutic regimens in a neoadjuvant or adjuvant setting.

Keywords Anthracycline - Anthracycline-free
interval - Disease-free interval - Doxorubicin -
HER?2 status * Prediction reutilization - Recurrent
breast cancer

Introduction

Breast cancer is known as one of the chemotherapy-
sensitive cancers. Neoadjuvant or adjuvant chemother-
apy, for eradicating micrometastatic discase, has been
shown to improve the survival of patients with early-
stage breast cancer [1, 2} Results of randomized con-
trolled trials and meta-analyses have demonstrated the
clinical benefit of anthracyclines in carly breast cancer,
including in node-posilive and node-negative breast
cancer, in both pre- and post-menopausal women.
Doxorubicin and epirubicin, the two most commonly
used anthracyclines, are among the most effective anti-
cancer drugs in breast cancer chemotherapy.

The majority of early breast cancer patients cur-
rently receive anthracycline-containing chemotherapy.

@ Springey
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However, despite the adjuvant or neoadjuvant chemo-
(herapy. a significant proportion of these patients de-
velop recurrence within the first 5 years. Treatment of
patients with recurrent breast cancer (RBC), often po-
ses a difficult therapeutic problem: these patients have
alrcady received the most effective therapy as their
primary treatment, thercfore an alternative agent thal
might be less effective ofien needs to be used.

It has been reported that in some chemosensitive
tumors, reutihization of potentially active chemothera-
peulic agenis may be an elfeclive treatment option [3-3].
In the case of ovartan cancer, planning of chemotherapy
{or recurrent disease alter adjuvant chemotherapy is
mainly dependent on the platinum-free interval [3]. To
the best of our knowledge, there is no information
available until date about the optimum anthracycline-
free interval (AFT) or predictors of response to repealed
utilization of anthracycline-containing regimens in cases
of RBC. Similar to their eficacy in the neoadjuvant or
adjuvant setting, anthracyclines have also been shown to
cxhibit clinical ellicacy against meltastatic breast cancer
[6]. Therefore, it may be useful to identify patients of
RBC who are likely to show response to repeal utiliza-
tion of anthracycline-containing regimens.

The objective of this study was Lo evaluate the effi-
cacy, in terms of the response rate. time to progression
and overall survival, of combined doxorubicin plus
cyclophosphamide (AC) therapy in RBC patients
previously treated with anthracycline-containing che-
motherapeutic regimens and to identify patients who
are likely to bencfit from repeat utilization of anthra-
cycline-based chemotherapy.

Patients and methods

A total of 664 patients with RBC were treated with AC
therapy between December 1993 and October 2005 at the
National Cancer Center Hospital. We retrospectively
selected patients who fulfilled the following seiection cri-
teria as the subjects of the present study: (1) previously
administered anthracycline-containing chemotherapeutic
regimens as ncoadjuvant or adjuvant chemotherapy: (2)
adequate bone marrow and organ function (neutrophils
>1.500 w', platelets 2100000 w'. AST < 2.5 x upper
limit of normal range (ULN), ALT £ 2.5 x ULN, serum
creatinine £ 1.5 x ULN); (3) availability of written in-
formed consent prior to the start of treatment.

Patients were  administered 3 mg of granisctron
hydrochloride and 8 mg of dexamethasone intravenously
(iv) 30 min prior to the doxorubicin infusion. The dos-
ages of the chemotherapeutic drugs were as f[ollows:
doxorubicin, 40 mg/m. iv on day !; cyclophosphamide.
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500 mg/m?. iv on day 1 of each 21-day cycle. Treaiment
with the AC therapy was continued until evidence of
discase progression or of unacceptable toxicity was
observed.

Patients with no bidimensionally measurable lesions
were considered incligible for the objective response
evaluation. The objective responses were evaluated
according lo WHO criteria [7]. Palients without mea-
surable lesions were classified as not assessable (NA).
Toxicity was re-evaluated according to National Cancer
Institute Common Toxicity Criteria (NCI-CTC) ver 2.0.

Statistical analysis

Logistic regression analyses were performed to assess the
response to the AC therapy of the RBC patients previ-
ously treated with anthracycline-containing chemother-
apeutic regimens in a neoadjuvant or adjuvant setting
and other factors. Factors with a P-value of less than 0.2
in the univariate logistic regression were cxamined
simultancously  with multivariate logistic regression
models. A stratified analysis was also performed to assess
the effect of the disease-free interval (DFI) and human
epidermal receptor type 2 (HER?2) status, believed to be
factors associated with the response to AC therapy. In
regard to the DFI, its validity as a predictor was exam-
ined via an ROC analysis. and the cutoff value that
yiclded 75% sensitivity was selected in order to classily
the patients into lwo calegories.

DFT was measured from the date of mastectomy until
observation of evidence of the first local, regional, or
distant recurrence of the tumor. contralateral breast
cancer, or a second primary tumor in addition to the
breast tumor. AFI was measured {rom the last date of
administration of anthracycline-containing chemother-
apy until the date of re-start of AC therapy. Time to
progression was measured {rom the first day of treatment
until discase progression or the final day of follow-up
without discase progression, and the overall survival time
was measured from the first day of treatment until death
or the final day of follow-up. Median time to progression
and median overall survival were estimated by the
Kaplan-Meier method.

The statistical analysis was performed with SAS.
version 9.1.3 (SAS Tnstitute, Cary, NC, USA). and the
significance level was set at P = (.05 (two-sided).

Results
Patient characteristics

Of the 664 paticnts treated with AC therapy {or RBC,
99 had also previously received anthracycline-based



Breast Cancer Res Treat (2007) 103:313-318

315

chemotherapy in the neoadjuvant or adjuvant setting.
The patient characteristics are summarized in Table 1.
The median age was 34 years (range. 31-76 years); the
median performance status was 0 (range, 0-3). Median
number of organs involved was 2 (range, 1-6). Most of
patients (91%) had received anthracycline-based che-
motherapy in the adjuvant setting while the remaining
had received il in a neoadjuvant setting. The median
dosc of the previously administered aathracycline was
156 mg/m? (range, 15-360 mg/m?). Six patients had
received regimens containing anthracycline and tax-
anes agents as necoadjuvant or adjuvant chemotherapy.
Ninety-seven patients had undergone mastectomy and
remaining had undergone breast-conserving therapy.
Twelve patients had also received adjuvant radiation
therapy and 79 patients, adjuvant hormone therapy.
The median DFI was 33.8 months (range. 3.8-
191.7 months) and the median AFI was 43.7 months
(range. 4.7-192.8 months). The majority of these
patients (N = 66. 66.6%) had received AC therapy as
first-line chemotherapy for RBC. Before AC therapy,
remaining patients (N =33) had received other
chemotherapy for RBC, as f{ollows: 21 patients,
docetaxel: 13 patients. paclitaxel; 2 patients, CMF:

Table t Characteristics of the Y9 paticats

Characteristics Value
Median age (range) 54 (31-76)
Side (right/left) 3142
Median ECOG performance 0 (0-3)
slatus (range)
Mcdian metastatic site (range) 2 (1-6)
Metastatic siles
Lung 37
Liver 32
Bone 47
Pleural effusion 20
Lymph node 47
Solt tissue 32
No. of previous chemotherapy
regimens before treatment with AC
0 66
1 27
>} §
Hormone status (ER or PgR)*
Positive 69
Negative 30
HER2 status”
Positive 9
Negative 80
Unknown 10

ECOG Eastern Cooperative Oncology Group. ER cstrogen
receptor. PgR progesterone receptor, HER2 human epidermal
receptor type 2

! Hormone status and HER2 status were evaluated by immu-
nohistochemical examination
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I patient. capecitabine: { patient. vinorelbine: | patient,
irinotecan: | patient each, vinorelbine and capecitabine.

Treatment efficacy and toxicity

A total of 482 courses of AC therapy were adminis-
tered, and the median number of courses was 6 (range,
1-6). The response rate in the 99 patients was 38.4%
(95% CI; range. 28.8-48.0%, 2 CR. 36 PR, 32 SD, §
NA. and 21 PD). The objective response rates stratified
according to the DFI and HER2 status are shown in
Table 2. The difference in the response rate between
patients with a long DTI (22.5 years) and those with a
short DFT (<2.5 years) was slatistically significant in
patients with an HER2-negative status (Chi-Square
test— P = 0.014). Although the response rate tended
1o be higher in the patients with an HER2-positive
status, slatistical analysis to determine the significance
was not performed due to the small sample size. Age
and DFI were significantly associated with the re-
sponse to AC therapy in according to the results of
univariate analysis (P = 0.03 and 0.03. respectively).
The results of the multivariate logistic regression
analysis indicated that DFI as continuous variable
significantly alfceted the response rate to AC therapy
(Odds ratio, 1.23; 95% CI: 1.03-1.48. P = 0.02). even
after adjusting for the cffect of the HER2 status. The
HER?2 status tended to affect the response rate, how-
ever, the association was not statistically significant
(Odds ratio, 4.1; 95% CI: 0.94-17.8, P =0.06). The
statistical analysis revealed no significant correlation of
other factors, including AFI, with the response to AC
therapy. The median time to progression and over-
alt swrvival were 6.2 months (Fig. 1; 95% CI:
5.6-7.6 months) and 17.5 months (Fig. 1; 95% Ct
14.6-22.2 months), respectively.

Table 2 Objective  response  rate  to  doxorubicin  plus
cyclophosphamide therapy according to the HER2 status and

Profile No. of patieats  Response rate (95% CI)
HER2 positive™ 9 66.7% (29.9-92.5%)
HER2 negative 90 35.6% (25.7-46.4%)
DFI 22.5 years® 52 46.2% (31.6-60.7%)
DFI <2.5 years 38 21.1% (6.8-35.3%)
Total 99 38.4% (28.8-48.0%)

* The number of patients with HER2 positivity was small.
Therefore, Chi-Square test was not performed for the HER2-
positive patients according to the DFY

b Long DFI was associated with a higher response rate than a
short DFT in HER2-negative patients (Chi-Square test— P
0.014)

’a Springer



Breast Cancer Res Treat (2007) 103:313-318

Cumuiative proportions

\
\
13
\
%
\

\

i

Sty
‘....“""""'Sunlutluuuulllu

2 3 4 5

00

Years

Fig. 1 Kaplan-Meier analysis of time to progression (dorted
line) and overall survival (solid line). Vertical hars indicate
censored cases

A total of 482 courses in the 99 patients were
assessable {or Loxicity. The median cumulative dose of
doxorubicin for RBC was 240 mg/m* (range, 40-
240 mg/m?), and the median total cumulative dose of
anthracycline (after conversion to doxorubicin) was
343 mg/m? (range. 102-600 mg/m?). The toxicity pro-
file is listed in Table 3. The AC therapy was generally
well tolerated and could be managed {rom an outpa-
tient setting. Grade 3 or 4 neutropenia occurred in 14
paticnts (14.1%) and 4 paticnts of these developed
febrile neutropenia. No cardiotoxicity was observed.
No grade 4 non-hematological toxicity was reported
either, and there were no unexpected adverse reactions
or lreatment-related deaths.

Tabte 3 Maximum grade (NCI-CTC ver 2.{0)) toxicity (% of
patients)

Maximum grade % of patients

1 2 3 4
Leukopenia 27 24 5 2
Neutropenia 15 214 7 7
Ancniia 22 8 1 2
Thrombocytopenia 2 ] 0 1
Fatigue 31 2 0 0
Appetite loss ]2 7 0 0
Nausca 74 17 0 0
Vomiting 15 9 0 0
Stomatitis 21 1 0 0
Diarrhica 6 0 0 0
Constipation 8 0 0 0
Neurosensory 9 1 0 0
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Discussion

This study demounstrated the activity of AC therapy
even in RBC paticnts who had previously received
anthracycline-containing chemotherapy in the neoad-
juvant or adjuvant setting.

There are few reports of the efficacy of repeat use
anthracycline-containing chemotherapy in metastatic
or RBC paticuts. Although repeat use of anthracy-
clinc-containing regimens has been reported 1o yield
objective response rates of 30-46%. there were no
clear predictive factors of the response to such anth-
racycline agent-containing chemotherapy in case with
RBC [8-12]. .

The results of the present study demonstrated that
patients with a long DFI show [avorable response Lo
repeat use of AC as compared with patients with a
short DFI. DFI, which reflect the degree of aggres-
siveness of the disease, had been known as one of the
most important prognostic factors in cases of RBC[13].
Anthracyclines arc topoisomerase inhibitors, and the
topoisomerasce Il alpha genc has been reported to be
associated with anthracycline sensitivity. Tinari et al.
reported that anthracycline-sensitive breast cancer had
the decreasing changes in topoisomerase II expression
after anthracycline-based neoadjuvant chemotherapy
and that it is an independent predictor of a long DFI
[14]. Therefore, a long DFI may actually indicale
inherent sensitivity to anthracycline, and a favorable
response. "

The role of the HER2 status in predicting the sen-
sitivity to anthracyclines is still under debate. The to-
poisomerase IT alpha gene is closely linked to the
HER2 gene on chromosome 17 [15]. Recent studies
have suggested that patients with an HER2-positive
status might derive greater benefit {rom adjuvant che-
motherapy using anthracycline-containing regimens as
compared to that using non-anthracycline-containing
regimens [16, 17]. While the HER2 status tended to
influence the response rate to AC therapy in this study.
the association was not found to be statisticaily signif-
icant. HER2 is generally overexpressed in 20-25% of
breast cancers |18}, The relatively low frequency of
patients with an HER2-positive status in the present
study may also confound the result.

In the present study, ail the patients had previously
been treated with anthacycline-containing chemo-
therapeutic regimens, thercfore, leukopenia or neu-
tropenia {of any grade) was frequently observed,
however, the incidence of febrile neutropenia was
approximately equivalent to that reported by a pre-
vious randomized multicenter study of doxorubicin
plus cyclophosphamide combination chemotherapy as



