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A randomised phase Il trial of preoperative chemotherapy of
cisplatin—docetaxel or docetaxel alone for clinical stage IB/Il
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Preoperative chemotherapy is a promising strategy in patients with early-stage resectable non-small-cell lung cancer (NSCLC);
optimal ¢ remains unclear. Clinical (c-) stage IB/Il NSCLC patients were randomised to receive either two cycles of
docetaxel (D)-cisplatin (P) combination chemotherapy (D 60mgm ™2 and P 80 mgm ™ on day 1) every 3—4 weeks or three cycles
of D monotherapy (70mgm™?) every 3weeks. Thoracotomy was performed 4-5 weeks (DP) or 3-4 weeks (D) after
chemotherapy. The prnmary end point was |-year disease-free sunvival (DFS). From October 2002 to November 2003, BO patients
were randomised. Chemotherapy toxicities were mainly haematologic and well tolerated There were two eary postoperative
deaths with DP (one intraoperative bleeding and one empyema). Pathologic complete response was observed in two DP patients.
Docetaxel - cisplatin was supenior to D in terms of response rate (45 vs | 5%) and complete resection rate (95 vs 87%). Bath DFS and
overall survival were better in DP. Disease-free survival at |, 2 and 4 years were 78, 65 and 57% with DP, and were 62, 44 and 36%
with D, respectively. Preoperative DP was associated with encouraging resection rate and DFS data, and phase il trials for ¢-stage 1B/1]
MNSCLC are warranted.
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2006). Compliance to the chemotherapy remains a problem

Surgery is the standard of care for clinical (c-) stage IB/II
non-small-cell lung cancer (NSCLC), but the treatment outcome
remains poor, with 5-year survival rates of 50% or less (Mountain,
1997; Goya et al, 2005). The majority of post-surgical relapse
occurs as distant metastases (Pisters and Le Chevalier, 2005);
therefore, effective systemic therapy is necessary. Recently,
a series of postoperative adjuvant chemotherapy trials reported
modest but significant improvement in survival, mainly in
patients with pathological stage I1 or ITIA NSCLC (Arriagada
et al, 2004; Scagliotti, 2005; Winton et al, 2005; Douillard et al,
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(Arriagada et al, 2004; Scagliotti, 2005; Winton et al, 2005;
Douillard et al, 2006).

On the other hand, previous small phase II1 trials had reported
that preoperative chemotherapy was better than surgery alone
in stage IIT NSCLC (Rosell et al, 1994; Roth er al, 1994). Recent
trials of preoperative platinum-based chemotherapy have reported
promising results in c-stage IB/Il NSCLC (Pisters et al, 2000;
Depierre et al, 2002; Rosell et al, 2002). One advantage of the
preoperative chemotherapy is better tolerability and compliance.

No data are available, however, as to the optimal preoperative
therapy strategy for early-stage NSCLC. Although platinum-based
‘standard’ combination chemotherapy regimens have widely been
used and reported to be generally safe, results of randomised trials



reported nonsignificant but modest excess of post-surgical
morbidity and mortality (Depierre et al, 2002; Pisters et al,
2007). Monotherapy with an active agent is associated with lower
response rate, but less toxicity (Delbaldo et al, 2004); it might well
be favourable for preoperative therapy in early stage, when surgery
must not be compromised by adjuvant therapy.

Docetaxel (D) is a semisynthetic taxoid derived from the
European yew Taxus baccata. It is active against NSCLC either
in monotherapy (D)(Fossella et al, 1994; Francis et al, 1994;
Kunitoh er al, 1996) or in combination with cisplatin (DP)
(Zalcberg et al, 1998; Fossella et al, 2003). In advanced NSCLC, DP
was reported to be better than P-vinca combination (Fossella et al,
2003; Kubota et al, 2004), one of the 'standard’ adjuvant therapies.
The DP combination was also reported to be active and promising
as preoperative chemotherapy in c-stage 11 NSCLC (Betticher
et al, 2006).

Docetaxel monotherapy, on the other hand, was reported to be
not inferior to DP, with better tolerability in advanced NSCLC
(Georgoulias er al, 2004). For stage 111 NSCLC, Mattson et al (2003)
reported the results of D as preoperative chemotherapy; it was
active, and did not compromise surgery.

On the basis of this rationale, we undertook a randomised phase
11 trial of DP ws D in resectable, c-stage IB/Il NSCLC. The
objectives of the study were to evaluate the safety and efficacy of
the preoperative chemotherapy and to select promising one for
future phase I11 trials. The primary end point was the discase-free
survival (DFS) rate at 1 year.

PATIENTS AND METHODS

Patient eligibility criteria

Patients with untreated, histologically or cytologically documented
NSCLC with clinical stage 1B (c-T2NOMO), IIA (c-TINIMO) or 1B
(c-T2N1MO or T3INOMO) were eligible for study entry. Each patient
was required to meet the following criteria: 20-74 years of age,
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) of 0 or 1; measurable disease; and adequate organ function
(leukocyte count >4000/ul and =<12000/ul, neutrophil count
>2000/ul, platelet count >10%pl, haemoglobin >10.0gdl™",
serum creatinine <the upper limit of the institutional normal
range (ULN), creatinine clearance calculated by the Cockeroft-
Gault formula =60 ml min~", serum bilirubin <ULN, serum ALT
and AST <2 x ULN and Pa0; =70mm Hg). Women who were
pregnant or lactating were excluded from the study. Other
exclusion criteria included patients with active infection, unstable
angina or a history of myocardial infarction within 6 months,
interstitial pneumonia or active lung fibrosis, uncontrolled
diabetes or hypertension, systemic use of corticosteroid or active
concomitant malignancy. Patients with tumour invading the first
rib or more superior chest wall (Pancoast type) were also excluded.
All diastinal nodes ring 1.0cm or more in size on
computed tomographic (CT) scans were required to be biopsied to
be histologically benign before patient entry.

Patient eligibility was confirmed by the Japan Clinical Oncology
Group Data Centre before registration. The study protocol was
approved by the institutional review boards at each participating
centre, and all patients provided written informed consent.

Treatment plan

This was an open-label, randomised trial. Patients were randomly
assigned to one of two treatment arms. Dosages of the chemotherapy
were based on the regulatory notes and clinical data in Japan
(Kubota et al, 2004), In the DP combination arm, patients received
D at 60mgm™" as a 1-h intravenous infusion followed by P at
80mgm " as a 2-h infusion on day 1. Two cycles of the
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! apy were repeated at an interval of 4 weeks. The interval
was permitted to be shortened to 3 weeks, if the patient was judged to
have adequately recovered enough from the first cycle. Surgery
(lobectomy or pneumonectomy with systematic lymph node dissec-
tion) was performed 4-5 weeks after completion or early termination
of the chemotherapy. Patients in the D monotherapy arm received D
at 70mgm~ as a 1-h intravenous infusion on day 1. Three cycles of
the chemotherapy were repeated at 3 weeks intervals, Surgery in the D
arm was performed 3-4 weeks after completion or early termination
of chemotherapy. The preoperative periods were thus set at 8-10
weeks in each arm, which was designed to be easier to accept for the
patients and the surgeons.

In each arm, when chemotherapy was judged to be ineffective
with >10% unidirectional tumour growth, or when the patient
experienced unacceptable toxicity (such as, grade 3 neurotoxicity,
grade 2 pulmonary toxicity, grade 3 cardiac toxicity or other grade
4 non-haematological toxicities), chemotherapy was discontinued
and the patient was taken up for surgery as clinically indicated.
With minor toxicities, such as uncomplicated grade 4 haemato-
logic or grade 3 non-critical, non-haematological toxicities,
dosages of subsequent chemotherapy courses were reduced (P by
20mgm™~? and D by 10mgm™?).

No protocol therapy was predetermined for those with
unresectable tumours, either during chemotherapy or at operation,
and those with microscopically or macroscopically incompletely
resected tumours. Those who underwent curative resection were
observed until recurrence without additional therapy.

Chemotherapy was supported with routine premedication for
hypersensitivity and antiemetics. For the DP arm, ample hydra-
tion was ensured. Recombinant human granulocyte colony-
stimulating factor was administered when grade 4 neutropaenia
or neutropaenic fever occurred.

Patient evaluation and follow-up

Before study enrolment, a complete medical history and physical
examination, blood cell count determinations, biochemistry testing,
chest X-ray, ECG, CT scan of the chest and CT scan or ultrasound of
upper abdomen were conducted for each patient. Whole-brain CT or
magnetic resonance imaging (MRI) or isotope bone scanning was
performed if clinically indicated. Positron emission tomography
(PET) was not widely available in Japan at the time of the protocol
activation and was not routinely used for staging. Blood cell counts,
differential WBC counts and biochemistry testing were performed
weekly during each course of chemotherapy.

Toxicity of the chemotherapy was evaluated with the National
Cancer Institute Common Toxicity Criteria Tumour (NCI-CTC;
version 2.0). Tumour responses were assessed radiographically
according to the RECIST guideline (Therasse et al, 2000). Response
confirmation at 4 weeks or longer intervals was not necessitated,
Response was assessed by the attending physicians in each
participating institution, and no central confirmation was per-
formed. Chest X-ray was taken at each course, and when suggested
for even minor tumour growth (=10%), confirmatory chest CT
was performed to decide on the continuation of chemotherapy.

After curative resection, the patients were followed up with
periodic reevaluation. This included chest CT every 6 months for
the first 2 years and annually thereafter, until 5 years or tumour
recurrence.

Statistical considerations

This trial was designed as a randomised phase II selection design.
Therefore, formal statistical hypothesis testing of the differences
between the arms, including the calculation of P-values, was not to
be performed. The aim was to select the ‘preferable’ preoperative
chemotherapy arm for a future definitive phase 11T trial, with the
DFS rate at 1 year as primary end point. The DFS was calculated
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from the date of enrolment by the Kaplan - Meier method, as was
the overall survival (05).The ‘events’ for the determination of the
DFS included tumour relapse after curative surgery, death from
any cause and non-curative operation. Those with non-curative
operation include patients without surgery and those with
incomplete resection, either microscopically or macroscopically.
Non-curative operation was to be counted as an event on the date
of registration, not on that of surgery. The sample size was
determined to provide sufficient probability to choose the
‘preferable’ arm (Simon er al, 1985). Assuming DFS rates at |
year of 70 and 80%, 40 patients per arm were required to correctly
select the arm that is not inferior with the probability of 84.9%.
The ‘minimal’ DFS rate of 70% was assumed with the prior report
from North America, in which the 1- and 2-year survival rates were
reported to be 85 and 56%, respectively (Pisters et al, 2000). The
assumption was rough and might well be inaccurate, for no DFS
data were available from the literature. The randomisation was
carried out by the JCOG data centre using a minimisation method
with c-stage (IB vs II) and institutions as balancing factors.

The secondary end points included the objective tumour
response to chemotherapy, complete resection rate, intra- and
post-surgical morbidity/mortality and the OS rate. Tumour
responses in both arms were compared using Fisher's exact test.

During the accrual period, an interim analysis was planned after
40 patients were randomised and followed up for at least 4 months.
All analyses were performed with the SAS software version 9.1
(SAS Institute, Cary, NC, USA).

RESULTS
Patient characteristics

From October 2002 to October 2003, 80 patients from 18
institutions were enroled and randomised. After 40 patients were
randomised, an interim analysis was carried out. Following the
JCOG Data and Safety Monitoring Committee’s review, the study
was continued. One patient in the D arm was found to be ineligible
because of the wrong histology (sarcoma). All 80 patients were
analysed for characteristics and chemotherapy toxicity, and the 79
eligible patients were analysed for the clinical and pathological
response to chemotherapy, surgical results, DFS and OS.

Table 1 lists the characteristics of the patients, which were well
balanced between the arms.

Chemotherapy delivery and toxicity

Table 2 summarises the chemotherapy delivery, and
Table 3 summarises toxicity in the subject group. Only 60% in
the D arm completed the planned chemotherapy courses, mainly
arising from the clinical ineffectiveness of the therapy. On the
other hand, compliance was very good in the DP arm, and the
toxicity was not greater. Hyponatraemia, probably due to
hydration with P administration, was an unexpected toxicity in
the DP arm, but it was clinically silent and transient in all the cases.
All patients recovered without any particular management, with no
clinically relevant sequelae. Other toxicities were mainly haema-
tologic, and both chemotherapy arms were generally well tolerated
by the patients.

Clinical response and pathological results

Table 4 shows the clinical resp to the ch h . The
overall response rates, 45% in the DP arm and 15% in the D arm,
were compatible with earlier reports for each of the chemotherapy
regimen in patients with NSCLC.

Thoracotomy was performed in 39 of the 40 patients in the DP
arm, and in 37 of the 39 patients in the D arm. The tumour was
surgically resected in 39 (98%) patients in the DP arm, including
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Table | Patient charactenstics
Arm Chplatin=d ' 1 ak
N 40 40
Cinal stoge
-] 2 B
n 8 17
Cirwcal T s1oge
TI L1 5
n 3 2
T 4 &
Circol N stoge
NO % 8
NI L] 12
ECOG performonce status
PO £ LY 31
Psi 5 9
Hatology
Adenocarcinoma 30 4
Squamous cell carcinoma 10 I
Others 0 s
Body weght loss within & months
None 14 2
<5kg 13 14
>5kg | 2
Missing 1 2
Smdms
Median smoling 40 pack-years 40 pack-years
MNever-smoker & 8
Table 2 Delivery of chematherapy
m Ci .! L A, 1 0. 1 |I
N 40 40
Completed 38 (95%) 24 (60%)
Not completed 1 16
Ineflective* | I
Adverse event I 3
Patient refusal ] |
Found inelgble o I

“ineflectiveness was judged upon > | 0% unidirectional increase in tumour size, and
did not necessarily mean progressive dissase by RECIST.

pneumonectomy in 3 cases, bi-lobectomy in 2 cases and lobectomy
in 34 cases. Tumour resection was performed in 35 (90%) patients
of the D arm, including pneumonectomy in 1 case, bi-lobectomy in
4 cases and lobectomy in 30 cases, Five patients, including four in
the DP arm and one in the D arm, suffered from massive (=11)
intraoperative bleeding: due to severe adhesion in three cases (two
in DP and one in D arm), to incomplete suture of the autostapler
resulting in injury of pulmonary artery in one case (DP arm) and
accidental injury to the aorta in one case (DP arm). None was
judged to be related to preoperative therapy. The postoperative
complications included one patient with empyema and another
with pulmonary oedema, both in the DP arm. There were two
surgical deaths, both in the DP arm; one died on postoperative day
59 because of empyema, and another on postoperative day 2
because of massive intraoperative bleeding resulting from surgical
injury to the aorta.

Pathological complete resection (R0), without residual tumour
found either macroscopically or microscopically, was achieved
in 38 (95%) cases in the DP arm, and 34 (879%) cases in the D arm.

© 2008 Cancer Research UK



Table 3 Toxicity of chemotherapy
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Table 5 Pathological results

Arm Cisplatin-d I D | alone
N 40 40
Grade U3 (% grade 3+4) 13/4 (% grade 3+4)
Hoematologeal
Leukopaenia I8/14/1 (38) 12152 (43)
Neutropaenia 5/186/17 (83) /10721 (78)
Anaemia 4/0/0 (0) 7/0/0 (0)
Thrombocytopenia 100 {0) Q/0/0 (0)
Nonhaematological
Total bilirubin 4/0/0 (0) 0070 (0)
Serum AST 0/0/0 (0) 3100 (3)
Serum ALT 5/0/0 (0 5/1/0 (3)
Serum creatinine 30/0 (0) Qrvo (0)
Hypasxia Q00 (0) 3/0/0 (0)
Hypercalcasmia oo (0) /110 (3)
Hyponatraemia —I6/0 (15) /110 (3)
Hypersensitraty 0/0/0 (0) 0/1/0 (3)
Fatigue 310 (3) o/v0 (0)
Constipation 4/1/0 (3) S/0/0 (0)
Diarrhea 3300 (8) 2/0/0 (0)
Nausea 97— (18) o~ (0)
Vomiting S/1/0 (3) 0/0/0 (0)
Febrie neutropaenia =/1/0 (3) =0/0 (0)
Infection with neutropaenia =210 (5) —~3/0 (B)
Infection without neutropaenia 1/0/0 (0) 47210 (5)
Neuropathy 00/ (0) 1O/ ()
Any grade 3/4 toxicity 35 (BB%) 32 (BO%)
Any grade 3/4
MNon-haematological toxicity 15 (38%) 9 (23%)

Table 4 Clinical response to chemotherapy based on RECIST

Arm Cisplatin-docetaxel Docetaxel alone
N 40 39
Campleted chemotherapy 38 (95%) 24 (67%)
CR | 0

PR 17 6
CR+PR 18 6

SD 18 23
PD 4 10
NE (1] 1]
ORR 45% 15%
(95% confidence interval) (29-862%) (6-31%)

CR=complete response; MNE=not evalable ORA=opverll response rate:
PO = progressive  disease; PR=partial response; RECIST = Response Evaluation
Crtena in Solid Tumon, SD = stable disease.

On pathological examination, 23% of the 75 patients who
underwent surgery were found to have N2 or N3 status. Pathologic
CR was achieved in two patients, both in the DP arm. Clinical
N-stage was poorly correlated to pathological nodal status
(Table 5).

DFS and OS

The DFS and OS were updated in November 2007. The DFS
rates at 1, 2 and 4 years were 78, 65 and 57% in the DP arm, and
were 62, 44 and 36% in the D arm, respectively (Figure 1).
Table 6 summarises the outcome at | year, the primary end point
of the study. The DFS rate at 1 year was 78% (31 out of 40) in the
DP arm, which was consistent with the study assumption that it
would be 80% in the ‘better’ arm, whereas it was a disappointing
62% (24 out of 39) in the D arm. The 16% difference was more than
presumed in the protocol.

© 2008 Cancer Research UK

Cisplatin-docetaxel Docetaxel alone
Arm
c-N stage NO NI Total NO NI Total
Number of cases 26 14 40 7 12 39
p-NO 17 6 3 8 4 2
p-NI| 3 5 8 3 | 4
p-N2 g 2 7 g 4 9
p-N3 | 0 | 0 0 0
Net assessable 0 I | I 3 4
1.0
08}
08 g - ;- oP
07 93 /
08 Tty i o
0.5 1
04 —_—
03 =
0.2 DP arm (n=40) D
0.1 DP arm (n=38)
0.0
0 1 2 3 4 5 6
Years after registration
Figure | Disease-free survival
Table § Outcome at | year
Arm Cisplatin-d I D | alone Total
Number of cases 40 k) 79
Alve, disease-free 3l 24 55
Alve with disease 4 I 15
Dead. due to cancer 3 2 5
Dead, treatment-related 2 0 2
Dead. other causes 0 2 2
bed g oP
0.8 — ¥ 4
£ 08 ——k = L .
0.7 s
3 08 Te—
0.5 \ ) oo
04 o
03 —
sl
0.1
0.0
0 1 2 3 a 5 6
Years after registration

Figure 2 Overall survival

The OS rates at 1, 2 and 4 years were 88, 83 and 75% in the DP
arm, and were 87, 72 and 57% in the D arm, respectively (Figure 2).
Both the DFS and the OS rates were better in the DP arm. The
OS was better in the DP arm in both adenocarcinoma and

d histological subtypes.

non

DISCUSSION

As compared with post-surgical adjuvant therapy, preoperative
chemotherapy has several practical as well as theoretical advan-
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tages (Pisters et al, 2000; Pisters, 2003). The practical advantages
include better patient tolerance and clinical visualisation of
chemotherapy effect.

There are very few reports as to the optimal preoperative
therapy strategy. The majority of trials have used ‘standard’
platinum-based doublets (Pisters, 2003). Although they are the
‘standard’ for advanced, stage IV NSCLC, a trade-off between the
cytotoxic effect and toxicity of the chemotherapy, not only toxicity
itself but also its influence on surgery and post-surgical morbidity
and murmhty (Depierre et al, 2002; Pisters et al, 2007), must be

idered for preoperative therapy.

In this randomised phase I nudy 'we evaluated DP combination
chemotherapy and D monotherapy as preoperative treatment for
early stage NSCLC, Although the DFS assumptions of the protocol,
70 vs 80% at 1 year, were rough and arbitrary due to lack of
historical data, subsequent $9900 trial (Pisters et al, 2007) showed
DFS rate of 68% in the surgery alone group and 69% in those with
preoperative carboplatin - paclitaxel therapy, consistent with our
assumption.

Our results showed that single-agent D was inadequate in this
setting; an unexpectedly high progression rate led to an early
chemotherapy termination rate of as high as 40%. The reason for
the high PD rate is unknown. In addition, we tried to minimise the
disadvantage of continuation of ineffective chemotherapy by
defining the ineffectiveness as = 10% tumour size increase instead
of >20% in the RECIST guideline (Therasse et al, 2000). This
subtle decision rule might require « lised confirmation, The
DFS rate in the D arm was disappointing and was, in fact, very
similar to that in the surgery-alone arm in the 59900 study in the
United States (Pisters et al, 2007).

On the other hand, both the DFS and OS rates of the DP arm
were promising. Dmsc-free survival at 1 year of 78% was fully
< with the on in the study protocol. Although our
data do not refute oﬂm platinum-based chemotherapy as
candidates of preoperative treatment, it would be justified to
conclude that DP was active and promising, regardless of
disappointing data of D monotherapy. One might argue that DFS
at | year was too premature as an end point. Because the DFS and
0S curves of the DP arm seem to have reached to plateau at
2 years, DFS at 2 years might be a more appropriate end point.

The number of chemotherapy courses of the DP combination
was two, whereas many previous studies used three courses. In
the North American trials with carboplatin and paclitaxel,
three preoperative courses appeared to have no advantage when
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BACKGROUND. The purpose of this study was to investigate whether tumor-infil-
trating immune cells in biopsy specimens can be used (o predict the clinical out-
come of stage IV nonsmall cell lung cancer (NSCLC) patients.

METHOD. The authors performed an immunohistochemical study to Identify and
count the number of CD68" macrophages, c-kit® mast cells, and CD8" T cells in
both cancer nesis and cancer stroma in pmmlrnenl biopsy specimens obtained
from 199 patients with stage IV NSCLC 1 by ¢ herapy, and then ana-
Iyzed for correlations between the number of immune cells and clinical outcome,
including chemotherapy response and prognosis,

RESULTS, There was no correlation b the ber of | cells in ei-
ther cancer nests or stroma and chemotherapy response. Patients with more -
mor-infiltrating macrophages in cancer nests than In cancer stroma
(macrophages, nests > siroma) had significantly better survival than nests <
stroma cases median survival time (MST 440 days vs 199 days; P < .0001).
Patients with more wumor-infiltrating CD8"* T cells in cancer nests than In cancer
stroma (CD8* T cells: nests > stroma) showed significantly better survival than
in nests < stroma cases (MST 388 days vs 256 days; P = .0070). The proportion of
tumor-infiltrating macrophages aor CD8" T cells between cancer nests and stroma
became independent prognostic factors in the 1 iate analysis. Neither the
number of mast cells in nests nor in stroma correlated with the clinical outcome.
CONCLUSIONS. Evaluation of the numbers of macrophages and CD8* T cells in
cancer nests and stroma are useful biomarkers for predicting the prognosis of
stage IV NSCLC p d with ch herapy, but could fail to predict
chemotherapy res| Cancer 2008;113:1387-95. © 2008 American Cancer
Saciety.

KEYWORDS: stage IV, nonsmall cell lung cancer, macrophage, CD8" T cell, mast
cell.

ung cancer is the leading cause of cancer deaths throughout the

world, and nonsmall cell lung cancer (NSCLC) accounts for
approximately 80% of lung cancer. The prognosis of NSCLC is poor,
and patients with advanced NSCLC are candidates for systemic
chemotherapy.! During the 1990s, 5 new drugs became available for
the treatment of metastatic NSCLC: paclitaxel, docetaxel, vinorel-
bine, gemcitabine, and irinotecan. Each of them has since been
evaluated in combination regimens with cisplatin or carboplatin,
and the median survival time of patients with metastatic NSCLC
treated with such regimens is approximately 8 to 10 months.*’
However, some patients with metastatic NSCLC exhibit long-term

Published online 31 July 2008 in Wiley InterScience (www.interscience. wiley.com).
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survival, and their tumors progress slowly after
chemotherapy, or even in the absence of treatment.*

Tumor cells are surrounded by infiltrating
inflammatory cells, such as lymphocytes, neutro-
phils, macrophages, and mast cells. Infiltration of
CD8" T cells has been shown to be an important
phenomenon for a specific immune response in sev-
eral tumor systems, and CD8" T cells have been
reported to play an important suppressive role in can-
cer progression, including ovarian cancer, esophageal
cancer, pancreatic cancer, bile duct cancer, gallbladder
cancer, and colorectal cancer.”'* Immunologists have
long considered the presence of tumor-infiltrating
macrophages as evidence of a host response against
the growing tumor, and the presence of tumor-infiltrat-
ing macrophages has been reported to be associated
with anticancer immunomechanisms of the tumor-
bearing host and a favorable prognosis. However,
recently, tumor-associated macrophage infiltration has
been found to be correlated with angiogenesis and an
unfavorable prognosis in several kinds of cancer,
including gastric cancer, endometrial cancer, and
breast cancer.'”'? Furthermore, it has been reported
that mast cells produce many angiogenic factors and a
variety of cytokines, including transforming growth fac-
tor-beta, tumor necrosis factor-a (TNF-a), interleukin-
8 (IL-8), fibroblast growth factor-2, and vascular endo-
thelial growth factor, which are implicated in both nor-
mal and tumor-associated neoangiogenesis.'® In fact,
mast cell density has been reported to be highly corre-
lated with the extent of both normal and pathologic
angiogenesis, such as the angiogenesis observed in
chronic inflammatory diseases and tumors, including
gastric cancer and endometrial cancer,'™'®

Tumor-infiltrating immune cells are thought to
play important roles in disease progression and ther-
apeutic efficacy. The effect of chemoradiotherapy has
been found to be correlated with the presence of
CDB* T cells in esophageal cancer,'' and cervical
cancer patients with T-cell infiltration showed
improved local response to radiation therapy.'”

In the current study, we evaluated the status of
tumor-infiltrating immune cells in tumor biopsy spe-
cimens obtained from stage IV NSCLC patient and
analyzed the numbers of immune cells and clinical
outcome, including chemotherapy response and
prognosis, for correlations.

MATERIALS AND METHODS

Patients and Tissue Specimens

The tumor specimens analyzed in this study were
obtained from a total of 199 patients with stage IV
NSCLC who received platinum-based combination

chemotherapy (cisplatin plus paclitaxel, docetaxel,
gemcitabine, vinorelbine, or irinotecan, or carbopla-
tin plus paclitaxel), which is considered to be the
standard regimen®®?' at the National Cancer Center
Hospital East in Kashiwa, Chiba, Japan, between Jan-
uary 1996 and December 2004, with performance
status (PS) 0 or 1 on the Eastern Cooperative Oncol-
ogy Group scale. Of the 199 patients, 184 had died
by the time of the analysis. All patients had adequate
tumor biopsy specimens obtainable before chemo-
therapy and were analyzed in this study. The tumor
specimens were obtained by bronchoscopy in 152
patients, and by percutaneous needle biopsy in 47
patients. The histological classification was based on
a World Health Organization report. Clinical staging
was based on an initial evaluation consisting of a
clinical assessment, chest radiography, computed to-
mography of the chest and abdomen, computed to-
mography or magnetic resonance imaging of the
brain, and bone scintigraphy. The current Interna-
tional Staging System was used to stage clinical dis-
ease.** All target lesions were evaluated for response
by computed tomography or magnetic resonance
imaging after completion of the first-line chemother-
apy, and all patients underwent tumor biopsy and
chemotherapy, after obtaining informed consent in
accordance with institutional guidelines.

Immunohistochemistry and Cell Counts

All specimens were fixed in 10% formalin and paraf-
fin embedded. Four-micrometer-thick sections were
mounted on silanized slides and deparaffinized with
xylene and ethanol. To retrieve the antigen for mac-
rophages, sections were pretreated in 0.05% trypsin
and incubated for 20 minutes at 37°C in a humidity
chamber. Endogenous peroxidase was blocked with
0.3% H,0; in methanol for 15 minutes. We used
mouse antihuman CD68 antibody (Dako, Kyoto,
Japan) to detect macrophages, mouse antihuman
CDB8 antibody (Novocastra, Newcastle, UK) to detect
T cells, and mouse antihuman c-kit antibody (Dako)
to detect mast cells; immunostaining was performed
with Envision (Dako). To retrieve the antigen for CD8
and c-kit, sections were immersed in 10 mM citric
buffer solution (pH 6.0) and heated to 95°C by expo-
sure to microwave irradiation for 20 minutes.

We performed an immunohistochemical study to
identify and count the number of CD68" macro-
phages, c-kit™ mast cells, and CD8" T cells and con-
firmed that cancer cells and mesenchymal cells such
as endothelial cells were not immunostained with
these antibodies.

Immunostained cells counts were blinded to the
patients’ clinical data. Macrophages, CD8" T cells,



and mast cells in the specimen were counted in 2
locations: in the “cancer nests” and in the “cancer
stroma.” Cancer nests were defined as “cancer nests
without fibroblasts and vasculatures” and cancer
stroma as “connective tissues surrounding cancer
nests without any cancer cells.” Every biopsy speci-
men had both cancer nest and stroma, and it was
possible to distinguish these lesions. We counted
CD68" round cells as macrophages, c-kit® round
cells as mast cells, and CD8™ round cells as T cells,
By using a high-power microscopic field (x400;
0.0625 mm?), we separately counted the number of
macrophages, CD8" T cells, and mast cells in each 2
most intensive areas. Two pathologists (0O.K. and G.I)
reviewed all slides and counted the cells.

Statistical Analysis

Statistical analysis was performed using the Scientific
Package for Social Sciences (SPSS, Chicago, Ill) soft-
ware. We used median values to calculate category
correlations between macrophages, CDB' T cells,
mast cells, and survival rate by the Kaplan-Meier
method, and performed univariate analyses by
means of log-rank test. The chi-square test was used
to test for relationships between categorical vari-
ables. Multivariate analysis was performed by means
of the Cox proportional hazards model. Student r test
was used to test for correlation between macrophage
counts, CD8" T cell counts, mast cell counts and
response to first-line chemotherapy. We evaluated
test results as significant if the P value was P <.05.

RESULTS

Patient Characteristics

The clinicopathological characteristics of all patients
are listed in Table 1. Their median age at the time of
diagnosis was 62 years (range, 39 years-79 years), and
139 of the 199 patients were men. There were 134
patients with adenocarcinoma, 41 patients with squa-
mous cell carcinoma, and 24 patients with NSCLC
that could not be specified by biopsy specimen.

Macrophages, Mast Cells, and CD8" T Cells, in Cancer
Nests and Cancer Stroma

Macrophages were observed in cancer nests (Fig. 2A)
in 194 of the 199 tumors, and the mean number was
18.0 £ 2.4 (median, 13; range, 0-76). Macrophages
were also observed in cancer stroma (Fig. 2B) in 195
of the 199 tumors, and the mean number was
15.3 £+ 1.9 (median. 12; range, 0-105). Mast cells were
observed in cancer nests (Fig. 2C) in 149 tumors and
in the cancer stroma (Fig. 2D) in 158 tumors, and
the mean number was 4.5 + 0.8 (median, 2; range,
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TABLE 1
Patient Characteristics and Response to First-Line Chemotherapy
Patients (N = 199
No. £
Age
Median, y (range] 62 (38-79)
<My 158 73
>y 4 206
Sex
Women L] n
Men 139 658
Adenocarcinoma 1 6713
Squamous cell carcinoma 4l 205
NSCLC u 12
ECOG performance stanus
0 “ 21
| 155 T8
Smaking history
<20 pack years B 1T
220 pack years 126 633
Median survival time, d (range] 37 (19-1968)
Response 1o first-line chemotherapy
PR 53 %5
D % a7
PD 51 256

NSCLC indicates norsmall ol lung cancer; ECOG, Eastem Cooperarive Oncology Group: PR, partial
respanise, S0, sable disexie: PP, progressive discase

0-52), and 5.4 + 0.8 (median, 3; range, 0-28), respec-
tively. CD8" T cells were observed in cancer nests
(Fig. 2E) in 197 tumors, and the mean number was
16.9 = 2.2 (median, 12; range, 0-89). CD8" T cells
were observed in the cancer stroma (Fig. 2F) in 198
tumors, and the mean number was 15.7 + 1.8 (me-
dian, 13; range, 0-88).

Relationships between the number of infiltrating
macrophages, mast cells, CD8* T cells, and
clinicopathological variables

The numbers of infilirating macrophages, mast cells,
and CD8" T cells were divided into 2 groups at the
median value. The relationships between these
groups in cancer nests or stroma and the individual
clinicopathological characteristics (sex, age, smoking
history, PS, histological type) were examined by the
chi-square test. More macrophages were present in
cancer nests in the nonadenocarcinomas than in the
adenocarcinomas (data not shown).

Correlations between the numbers of macrophages, CD8*
T cells, mast cells, and first-line chemotherapy response
We analyzed the number of macrophages, mast cells,
and CD8" T cells in cancer nests and stroma and
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FIGURE 1. Typical photographs are shown of the resulls of immunostaining for the presence of CDE8° macrophages in (A) cancer nests and in (8) stroma,
C-kit™ mast cells in (C) cancer nests and in (D) stroma, and CD8" T cells in (E) cancer nests and in (F) stroma.

first-line chemotherapy response for correlations by
Student ¢ test (Table 2), but the results showed no
correlations between numbers of any of the infiltrat-
ing immune cells and response to first-line chemo-
therapy.

Correlations between the numbers of tumor-infiftrating
macrophages, mast cells, and CD8* T cells

and patient survival

Kaplan-Meier survival analyses and the log-rank test
were performed to compare survival with the number
of infiltrating cells (Fig. 2, Table 3). Patients with more
macrophages in cancer nests than the median value

had the same survival rate as patients with fewer mac-
rophages. By contrast, patients with more macro-
phages in the cancer stroma had significantly poorer
survival than those with fewer macrophages
(P =.0001). The median survival time was 243 days in
the group with higher numbers of macrophages in the
stroma, versus 391 days in the group with fewer mac-
rophages in the stroma (1-year survival rate, 33.9% and
55.2%, respectively). Patients were divided into 2
groups, according to the distribution of infiltrating
macrophages; a High Nests Macrophage (HNM) group,
in which the number of macrophages in the cancer
nests was higher than in the cancer stroma (macro-
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FIGURE 2. Kaplan-Meier analysis of overall survival is shown according to the level of infilration by macrophages, mast cells, and CD8* T cells in cancer
nests (A), (D), (G) and stroma (B), {E), (H) and their distribution (C), (F), 1). Data were dichotomized at the median value for each parameter (A), (B), (D), (E), (G),
{H) and the distribution of infiltrating macrophages, mast cells, and CD8™ T cells (C), (H), ().

phages, nests > stroma) and a Low Nests Macrophage
(LNM) group (nests < stroma). The HNM group had
significantly better survival than the LNM group (P <
.0001) (Fig. 2C). Median survival time was 440 days in
the HNM group versus only 199 days in the LNM
group, and the 1-year survival rate was 60.8% and
21.4%, respectively. Although mast cells in the cancer
nests have been reported to contribute to a favorable
outcome,® there was no significant relationship with
patient survival in this study (Fig. 2D-F). Figure 2G-1
shows the relation between the number of CD8" T
cells and patient survival; there was a positive asso-
ciation between survival and the number of CDB" T

cells in cancer nests (Fig. 2G, P =.0008). Median sur-
vival was 388 days in the group with the higher num-
ber of CD8" T cells in the cancer nests, versus 242
days in the group with the lower number (1-year sur-
vival rate, 52.8% and 34.3%, respectively). According
to the distribution of infiltrating CD8" T cells,
patients in the High Nests CD8” T cell (HNT) group,
in which the number of tumor-infiltrating CD8" T
cells was higher in the cancer nests than in the cancer
stroma (nests > stroma), had significantly better sur-
vival than those in the Low Nests CD8" T cell (LNT)
(nests < stroma) group (P =.0070) (Fig. 21). Median
survival time was 440 days in the HNT group, versus
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TABLE 2

Correlations B I Cells and Response to First-Line
Chemotherapy

Parameter [} 95% C1 I o
Macrophages in cancer nests -0577 -7.173-1.46 556
Macrophages in cancer stroma 0.119 —4.094-4.617 905
Mast cells in cancer nests -0413 =2310-1.512 680
Mast cells in cancer stroma 1.476 -0427-2.929 143
CDE" T cells in cancer nests -1.45 =7.114-2.201 298
CD8™ T cells in cancer stroma -0.586 -5.162-2.807 559

Cl mdicates confidence nterval.
* Student 1 tesL

only 199 days in the LNT group, and 1-year survival
rate was 53.4% and 31.3%, respectively.

We then classified the patients into 4 groups
according to macrophage and CD8" T cell distribu-
tion: 1) the HNM and HNT group (macrophages, nests
> stroma; CD8" T cells, nests > stroma), 2) the HNM
and LNT group (macrophages, nests > stroma; CD8"
T cells, nests < stroma), 3) the LNM and HNT group
(macrophages, nests < stroma; CD8" T cells, nests >
stroma), and 4) the LNM and LNT group (macro-
phages, nests < stroma; CD87 T cells, nests < stroma).
Median survival time was 495 days in the HNM and
HNT group, versus only 196 days in the LNM and LNT
group, and the l-year survival rate was 68.4% and
12.5%, respectively. Median survival time was 342
days, and 1-year survival rate was 45.0% in the HNM
and LNT group; median survival time was 221 days,
and the 1-year survival rate was 27.2% in the LNM and
HNT group. Patients in the HNM and HNT group had
significantly better survival than patients in the other
groups (Fig. 3, Table 3)

Multivariate Regression Analysis of Survival in

NSGLC Patients

As immune cells in cancer nests and cancer stroma
would have different biological activity in regard to tu-
mor progression, it would be meaningful to evaluate
immune cell distribution. Considering that the distri-
butions of macrophages in cancer nests and cancer
stroma may impact clinical outcome, multivariate
analysis of macrophage and CD8" T cell distribution
and clinicopathological predictors of survival was per-
formed by means of the Cox proportional hazards
model (Table 4), and both macrophage distribution (P
< .001) and CD8" T cell distribution (P =.040)
emerged as independent favorable prognostic indica-
tors. Smoking status also emerged as an independent
prognostic indicator (P = .033).

TABLE 3
Overall Survival
Survival, d
Groups No. Median 95% C1 P
Macrophages In cancer nests 3536
<Median 9% 248 192-304
>Median 105 176 298453
Macrophages in stroma 0001
<Median 9% 39 307-475
»Median 13 A3 206-280
Macrophage distribution <0001
Nests < stroma B 199 178-220
Nests > stroma 115 “o 370-505
Mast cells in cancer nests 0551
<Median 85 307 201413
>Median 14 n7 230-404
Mast cells in stroma BUE
<Median 82 366 301431
>Median 107 259 200-318
Mast cell distrbution ATiR
Nests < stroma 9% 250 188-324
Nests > stroma 0 3 304436
CDB™ T cells in cancer nests 0008
<Median 95 242 199-285
>Median 104 388 290-485
CD8™ T cells in stroma 5547
<Median 58 58 237479
>Median 101 297 247-347
CDE" T cell distribution 0070
Nests < stroma 8 256 224-288
Nests > siroma 116 388 316-460

I indicates confidence interval
*Log-rank test

DISCUSSION
This is the first study to investigate the relationship
between the number of tumor-infiltrating macro-
phages, mast cells, and CD8™ T cells in tumor biopsy
specimens and the clinical outcome of patients with
stage IV NSCLC. Patients with higher numbers of tu-
mor-infiltrating macrophages and CDB" T cells in
cancer nests than in cancer stroma had significantly
better survival. These factors were also independent
prognostic factors in multivariate analysis.
Immunologists have long considered the presence
of tumor-infiltrating immune cells as evidence of a
host response against the growing tumor. However,
recently reports have shown that macrophages and
mast cells in cancer stroma secrete several growth fac-
tors and proteases involved in angiogenesis, thereby
promoting cancer progression. An experimental study
has demonstrated that interaction between lung can-
cer cells and macrophages promotes the invasiveness
and matrix-degrading activity of cancer cells,** and
infiltration by these cells has been reported to be
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The Kaplan—-Meier of curves of four groups

Survivel rate

Survival [days)

FIGURE 3. Kaplan-Meier analysis of overall survival is shown according lo distribution in 4 groups of macrophages and CD8" T cells. Patients whose tumors
contained macrophages in the nest and more COB™ T cells in the nest had significantly betier survival (macrophages, nest > stroma; CD8" T calls, nest >
stroma) than pabients with macrophages nesl > stroma and COB" T cells nest < stroma (P = ,0070), patisnts with macrophages nest < stroma and CD8* T
cells nest > stroma (P = .0010), and patients with macrophages nest < stroma and CD&8™ T cells: nest < stroma (P < ,0001).

TABLE 4

Multivariate Cox Proportional Hazards Analysis of Overall Survival
Hazard

Parameter Ratio 5% Cl P

Age (<0 yws2T0y) 1.093 0.740-1 513

Sex men v women) 1.166 0.772-1.760 B

PSiows 1) 141 0.871-2.048 on

Smokng (< pack years vs > pack years) 1.561 1.037-2.348 033

Histology (adeno vs nonadeno) 1.031 0.742-1432 B56

Macrophage distribution (nests < stroma 0433
VS nests > siroma)

CDB™ T cells distribution (nests < stroma 0723
vS nests > stroma)

0320-0.602 <ol

0.530-0.985 40

(! indicates confidence interal; PS, performence wani; sdenc, adenecarcinoma.

associated with an unfavorable outcome in several
kinds of cancers.**?’ Conversely, macrophages in can-
cer nests produce cytotoxic cytokines, such as IL-la,
IL-1B, IL-6, and TNF-a, which may protect against tu-
mor progression.” Considering the results of this
study showing that the distributions of macrophages
in cancer nests and cancer stroma impacted outcome
of stage IV NSCLC, the macrophages in cancer nests
and cancer stroma may have different biological activ-
ity in regard to tumor progression. Welsh et al demon-
strated that higher numbers of macrophages in
cancer stroma and lower numbers of macrophages in
cancer nests were unfavorable prognosis factors in
surgically resected NSCLC,” and their findings are in
part consistent with the results of our study. No rela-
tionship between the numbers of macrophages in
cancer nests and patient survival was found in our

study. This can be explained by the difference
between the specimens from operable cases of NSCLC
(stage I-111) and stage IV cases.

CD8™ T cells with cytotoxic activity play an im-
portant role in antitumor immunity. CD8" T cells
can circumvent many of the barriers inherent in can-
cer-induced stroma, while optimizing T-cell specific-
ity, activation, homing, and antitumor function.*
The presence of tumor-infiltrating CD8" T cells has
previously been reported to be associated with a
favorable outcome, the same as in our own study.*'*%
Patients in the HNM and HNT group had signifi-
cantly better survival (median survival was 495 days;
l-year survival rate was 68.5%) than patients in the
HNM group (median survival, 440 days; 1-year sur-
vival rate, 60.8%; Fig. 2C) and patients in the HNT
group (median survival, 388 days; l-year survival
rate, 53.4%; Fig. 2I). There were also many long-term
survivors in the HNM and HNT group, which notably
had a 3-year survival rate of 19.1%. Because aggrega-
tion of tumor-infiltrating macrophages in cancer
nests has been reported to have a beneficial effect by
activating cytotoxic T cells,” the macrophages and
CD8" T cells in cancer nests should exert synergistic
antitumor effects. Infiltration of CD8" T cells in gas-
tric carcinoma is actually directly correlated with
macrophage infiltration, suggesting that macro-
phages play an important part in the activation of T
cells and subsequent tumor cell destruction.”

Whether there is any correlation between the
presence of tumor-infiltrating mast cells and cancer
progression is a matter of controversy. In previous
studies, mast cells were found to have antitumor
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functions, including serving as natural cytotoxic
effectors®*** and antitumor compounds,™ and to be
a favorable prognostic factor in surgically resected
NSCLC, breast cancer, and colorectal cancer.®*%’
Although mast cells produce histamine, basic fibro-
blast growth factor, heparin, chymase, and tryptase,
which have been shown to promote cancer progres-
sion, including in surgically resected NSCLC, gastric
cancer, and endometrial cancer,'®*® no significant
relation to survival was found in this study.

Accumulation of immune cells in tumor tissue
either before or during chemoimmunotherapy has
been reported to be associated with a better clinical
response and improved survival.***' The effect of
chemoradiotherapy in esophageal cancer is corre-
lated with the number of CD8" T cells in the tumor
of each patient, and the patterns of gene expressions
for T cell activation and for tumor vessel formation
may become good markers for identifying potential
long-term survivors.'' However, in the present study,
no correlations between numbers of macrophages,
CD8" T cells, or mast cells and response to first-line
chemotherapy were found (Table 2). The results of
our study suggested that patients with a favorable or
unfavorable prognosis could be identified by the sta-
tus of tumor-infiltrating macrophages and CD8" T
cells in tumor biopsy specimens before receiving
chemotherapy regardless of chemotherapy response.
Cancer patients can mount cellular immune
responses against their own tumor cells, and hosts
can respond to a large compendium of tumor-asso-
ciated antigens and epitopes. The natural immune
system within the cancer microenvironment may
affect its ability to control malignant disease beyond
the response to chemotherapy. The only treatment
currently available for metastatic NSCLC is chemo-
therapy, but patients with a poor prognosis, and
patients with a predominant distribution of macro-
phages and CD8 T cells in the cancer stroma,
require some additional therapy to prolong life. For
example, elimination of macrophages from the can-
cer stroma or transfer of CD8" T cells to cancer nests
might be beneficial in prolonging the life of stage IV
NSCLC patients in these unfavorable groups.

In conclusion, we found that predominant distri-
bution of macrophages and/or CD8" T cells in can-
cer nests as opposed to cancer stroma was correlated
with a favorable prognosis in stage IV NSCLC
patients. Patients with advanced NSCLC require
additional therapy, because the response rate to
chemotherapy has been poor (only 30%-40%), and
the median survival time of patients with metastatic
NSCLC is approximately 8 months to 10 months. 22!
The results of our study indicate the possibility of

using macrophages and CD8" T cells to treat
advanced NSCLC in the future** Decreasing the
number of tumor-associated macrophages in the tu-
mor stroma in an animal model of breast cancer
effectively altered the tumor microenvironment
involved in tumor angiogenesis and progression and
markedly suppressed tumor growth and metastasis.*

Thus, a more accurate insight into the role of
macrophages and CD8" T cells in tumors and con-
sideration of the local microenvironment in regulat-
ing the functions of these cells is needed and has
important implications for the design of future clini-
cal trials of adjuvant therapy, as well as for our
understanding of the immunopathobiology of stage
IV NSCLC.
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Abstract

Background and purpose  Cytochrome P450 3A4 (CYP3A4)
converts an anticancer prodrug, irinotecan, to inactive
metabolites such as APC. However, the contribution of
CYP3A4 genetic polymorphisms to irinotecan pharmacoki-
netics (PK) and pharmacodynamics (PD) is not fully eluci-
dated. In paclitaxel-administered cancer patients, an
association of CYP3A4*]6B harboring the low activity

K. Sai (<)

Division of B of Health Sciences,
1-18-1 Kamlyoga. Seugnya ku, Tokyo 158-8501, Japan
e-mail: sai @nihs.go. jp

Y. Saito - J.-i. Sawada

Division of Biochemistry and Immunochemuistry,
National Institute of Health Sciences,

1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

H. Fukushima-Uesaka
Project Team for Ph ics, National Institute of Health
Sciences, 1-18-1 Knmlynga Setagaya-ku, Tokyo 158-8501, Japan

K. Kurose - N, Kaniwa

Division of Medical Safety Science,

National Institute of Health Sciences,

1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

N. Kamatani

Division of Genomic Medicine,

Department of Advanced Biomedical Engineering and Science,
Tokyo Women's Medical University,

8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan

K. Shirao - N. Yamamoto - T. Hamaguchi - H. Kunitoh -
Y. Ohe - T. Tamura - Y, Yamada

Division of Internal Medicine,

National Cancer Center Hospital,

5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

allele *J6 [554C > G (Thr185Ser)] has been shown with
altered metabolite/paclitaxel area under the plasma concentra-
tion—time curve (AUC) ratios, suggesting a possible impact of
*16B on the PK of other drugs. In this study, the effects of
CYP3A4 haplotypes including * /68 on irinotecan PK/PD were
investigated in irinotecan-administered patients,

Methods The CYP3A4 genotypes for 177 Japanese cancer
patients who received irinotecan were defined in terms of
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4 major haplotypes, i.e., *IA (wild type), *IG (IVS10 +
12G > A), *16B [554C > G (Thr185Ser) and IVS10 + 12G
> A], and */8B [878T>C (Leu293Pro) and IVSIO+
12G > A]. Associations of CYP3A4 genotypes with irino-
tecan PK and severe toxicities (grade 3 diarrhea and grade 3
or 4 peutropenia) were investigated.

Results  Area under the concentration-time curve ratios of
APC/irinotecan, an in vivo parameter for CYP3A4 activity,
were significantly higher in females than in males. The
male patients with */6B showed significantly decreased
AUC ratios (APC/irinotecan) with 50% of the median value
of the non-*16B male patients (no */6B-bearing female
patients in this study), whereas no significant alteration in
the AUC ratios was observed in the patients with *J8B. A
slight trend toward increasing AUC ratios (20%) was
detected in both male and female patients bearing */G.
Multivariate  analysis confirmed contributions of
CYP3A4* 6B (coefficient = SE= —0.18 = 0,077, P=0.021)
and *]G (0.047 £ 0.021, P=0.029) to the AUC ratio.
However, no significant association was observed between
the CYP3A4 genotypes and total clearance of irinotecan or
toxicities (severe diarrhea and neutropenia).

Conclusion This study suggested that CYP3A4* 68 was
associated with decreased metabolism of irinotecan to
APC, However, the clinical impact of CYP3A4 genotypes
on total clearance and irinotecan toxicities was not
significant.

Keywords CYP3A4 - Haplotype - Irinotecan -
Pharmacogenetics

Introduction

Human cytochrome P450 3A4 (CYP3A4) is a major CYP
enzyme, abundant in the liver and intestine, and is involved
in the metabolism of endogenous substances, including ste-
roid hormones, and a variety of exogenous compounds such
as environmental chemicals and pharmaceuticals. Large
inter-individual differences in liver and intestinal CYP3A4
expression levels are known and thought to be caused by
multiple factors including genetic variations, disease status,
and modulation by exogenous stimuli, such as smoking,
diet, and drugs [5, 18, 31]. The tissue-specific CYP3A4
expression is regulated by constitutive and inducible mech-
anisms via activation of the nuclear receptors, pregnane X
receptor (PXR), constitutive androstane receptor (CAR),
and vitamin D receptor (VDR) [5, 18]. Since approximately
half of clinical drugs currently in use are metabolized by
CYP3A4 [5, 33, it is important to find suitable biomarkers,
including genetic polymorphisms, which can refiect in vivo
CYP3A4 activity and predict individual responses to
CYP3A4-metabolized drugs. Recent progress in pharmaco-

) Springer

genetic research has led to the accumulation of knowledge
about CYP3A4 genetic variations responsible for altered
expression or function. To date, more than 30 CYP3A4
variations have been identified (hup:/www cypalleles.ki.
se/cyp3ad.htm), and large ethnic differences in their fre-
quencies have been recognized. CYP3A4* 1B (—392A > G),
a single nucleotide polymorphism (SNP) in the 5'-flanking
region, is found in Caucasians (2-9.6%) and African—
Americans (35-67%), but not in Asians [16]. As relatively
frequent coding SNPs, *2 [664T > C (Ser222Pro)] (2.7%)
and *]7 [566T >C (Phel89Ser)] (2%) were detected in
Caucasians; *10 [520G > C (Asp174His)] in Caucasians
(0.24-2%) and Mexicans (5%); *15 [485G > A (Argl62
Gln)] (24%) in African-Americans; */6 [554C>G
(Thr185Ser)] in East Asians (1.4-5%) and Mexicans (5%);
*18 [878T > C (Leu293Pro)] (2.3-10%) in East Asians
[2, 4, 17, 24]. We previously identified 25 CYP3A4 haplo-
types in a Japanese population [4]. The haplotypes *6
[including 830_831insA  (Glu277fsX8)] (0.1%), *1J
[including 1088C > T (Thr363Met)] (0.2%), * /6B [includ-
ing 554C > G (Thrl185Ser)] (1.4%), and */8B [including
878T > C (Leu293Pro)] (2.8%) were identified, but */B
(—392A > G) was not found. These findings indicate that
cthnic-specific CYP3A4 haplotypes must be taken into
consideration in pharmacogenetic studies.

Irinotecan, an anticancer prodrug, is used for treatment
of various cancers including lung and colon, and metabo-
lized by CYP3A4 to produce inactive compounds such as
APC (a major CYP3A4-mediated product) and NPC (a
minor product) [6, 7]. An active metabolite SN-38 (a topoi-
somerase | inhibitor) is produced from the parent com-
pound by carboxylesterases (CES) [28] and subsequently
glucuronidated by UDP-glucuronosyltransferase  1As
(UGT1As) to form inactive compound SN-38G [12]
(Fig. 1). The parent compound and its metabolites are
mainly excreted into the bile [29], where several ABC
transporters, such as P-glycoprotein (P-gp), breast cancer
resistance protein (BCRP), and multidrug resistance-associ-
ated protein 2 (MRP2) are involved in excretion [30]. The
dose-limiting toxicities of irinotecan are severe diarrhea
and neutropenia, and high plasma concentrations of SN-38
and/or its accumulation in tissues are thought to cause these
toxicities [3, 30]. Recent extensive pharmacogenetic stud-
ies on irinotecan, mostly focusing on the UGTIAI geno-
types, have revealed imporntant roles for UGTIAI*28 and
*6 in reduced in vivo UGT activity and enhanced toxicities
[1, 8,9, 11, 13, 22, 26]. On the other hand, CYP3A4 can
modulate irinotecan pharmacokinetics (PK). Co-adminis-
tration of ketoconazole, a CYP3A4 inhibitor and alse a
potent UGT1AL1 inhibitor [34], with irinotecan resulted in a
decreased value of the area under the concentration-time
curve (AUC) for APC and also increased AUC for SN-38
[14]; and vice versa, co-administration of St. John's Wort,
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Fig. 1 Irintoecan metabolismin
human liver, CYP3A4 mediates
oxidation of irinotecan to
produce inactive compounds,
such as APC (a major CYP3A4-
mediated product) and NPC

(a minor product)
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a CYP3A4 inducer, decreased the AUC of SN-38 [19]. A
close association was also reported between in vivo
CYP3A4 phenotypes and irinotecan clearance [21]. To
date, however, no clinical impact by CYP3A4 polymor-
phisms, such as */B (—392A>G) and *3 [1334T>C
(Met445Thr)], has been demonstrated on irinotecan PK in
Caucasians [20]. We previously found that */6 [554C > G
(Thr185Ser)] caused decreased in vitro CYP3A4 activities
[23]. Furthermore, a significant association of */68 [har-
boring 554C > G (Thrl85Ser)] was demonstrated with
decreased AUC ratios of metabolite/paclitaxel, an in vivo
parameter of CYP3A4 activity, in paclitaxel-administered
Japanese patients [24].

In this study, to determine the clinical impact of the
CYP3A4 polymorphisms on irinotecan therapy, we identi-
fied the CYP3A4 diplotypes of 177 Japanese cancer patients
who received irinotecan and analyzed associations of the
CYP3A4 genotypes with irinotecan PK and toxicities,

Materials and methods
Patients and irinotecan treatment

One hundred seventy-seven patients with cancers who
started irinotecan-containing therapy from 2002 to 2004 at
two National Cancer Center Hospitals (Tokyo and Kashiwa,
Japan) were enrolled for this pharmacogenetic study on iri-
notecan. This study was approved by the ethics committees
of the National Cancer Center and the National Institute of
Health Sciences, and wrinten informed consent was obtained
from all participants. No participant received irinotecan
previously, and other eligibility criteria included: bilirubin
<2 mg/dl, aspartate aminotransferase (GOT)< 105 1U/,

alanine aminotransferase (GPT) < 120 1U/l, creatinine <
1.5 mg/dl, white blood cell count > 3000/ul, performance
status of 0-2, and an interval of at least 4 weeks after the
last session of chemotherapy (2 weeks after the last session
of radiotherapy). Exclusion criteria were diarrhea, active
infection, intestinal paralysis or obstruction, and interstitial
pneumonitis. Irinotecan was administered as a single agent
or in combination chemotherapy at the discretion of attend-
ing physicians. Doses and schedules were applied accord-
ing to the approved treatment recommendations in Japan:
intravenous 90-min infusion at a dose of 100 mg/m? weekly
or 150 mg/m® biweekly for irinotecan-monotherapy, and
60 mg/m* weekly for combination therapy with cisplatin.
Profiles of the patients and irinotecan regimens are summa-
rized in Table 1.

Genotyping of UGTIAI and CYP34A4

DNA was extracted from pretreatment whole-blood samples
taken from 177 patients who received irinotecan. Data on
UGTI1AI genetic polymorphisms obtained from the same set
of DNA samples have been published elsewhere [22). The
CYP3A4 genotypes for 88 patients were previously
determined [4]. Additional CYP3A4 genotyping for the
remaining 89 patients was conducted using the pyrose-
quencing method described previously [24], and the
CYP3A4 diplotypes/haplotypes [4] were inferred using an
expectation-maximization-based program, LDSUPPORT
[15].

Pharmacokinetics and toxicities

Pharmacokinetic analysis for irinotecan in 176 patients
(data on one patient was unavailable) was performed as

€ Springer
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Table 1 Profiles of Japanese cancer patients in this study

No. of patients
Patients for genotyping 1717
(Male/female) (135/42)
Age
Mean/range 60.5/26-78
Performance status i B4/8%/4
Combination therapy, tumor type
and initial dose of irinotecan®
Irinotecan monotherapy Lung 100 (60-100)w 21
Colon 150 (120-15002w 28
Others 100 (100-150)/w 7
With platinum-containing drug” Lung 60 (50-90)/w 58
Stomach 702w 9
Others B0/ 5
With 5-l il (5-FUWI win Colon 100 (90-180)w or 1502w E2
(LV)* or tegafur/gimeracil/oteracil potassium® Others 90w or 100/w 2
With mitomycin C (MMC)* Stomach 1502w 10
Colon 1502w 1
With amrubicin Lung 60/w 2

* The median value and range in the parentheses are shown. */w™ and */2w" represent weekly and biweekly, respectively

i after iri

* Mostly, cisplatin (60 or 80 mg/m?) was admini

¢ LV (10 mg/m®) was administered right after irinotecan treatment and then followed by 5-FU treatment. (500 mg/m” injection); or LV (200 mg/

(400 mg/m? bolus injection and 2.0-2.4 g/m* infusion)

m?) was administered simultaneously with irinotecan and foll

ed by 5-FU

¢ Tegafur (80 mg/m’ per day)/gimeracil/oteracil potassium was administered twice (before irinotecan treatment and on the next day)

* MMC (5 mg/m?) was administered just before irinotecan treatment

" Amrubicin (30 or 35 mglrn‘) was administered 24 h afier irinotecan treatment

previously described [26]. Briefly, heparinized blood was
collected before administration of irinotecan, and 0, 0.3, 1,
2,4, 8, and 24 h after termination of the first infusion of iri-
notecan. Plasma concentrations of irinotecan and APC were
determined by HPLC [25], and AUC;; and other PK
parameters were calculated using the trapezoidal method of
the 202 non-compartmental model for a constant infusion
in WinNonlin ver. 4.01 (Pharsight Corporation, Mountain
View, CA, USA). As for the co-administered anti-cancer
and other drugs which were administered within 1 week
before irinotecan-treatment, no drugs significantly affected
the PK parameters related to CYP3A4 activity. Information
on foods and drinks taken by the patients which might
induce or inhibit CYP3A4 activity was not available,

A complete medical history and data on physical exam-
inations were recorded prior to irinotecan therapy. Com-
plete blood cell counts with differentials and platelet counts,
as well as blood chemistry, were measured once a week
during the first 2 months of irinotecan treatment. Toxicities
were graded according to the Common Toxicity Criteria of
National Cancer Institute version 2. Association of genetic
factors with irinotecan toxicities was analyzed primarily in
patients who received irinotecan as a single agent.

@ springer

Statistical analysis

Statistical analysis on the differences in PK parameters
between sexes and among CYP3A4 genotypes was per-
formed using the Mann—Whitney test or Kruskal-Wallis
test, and associations of CYP3A4 genotypes with the irino-
tecan toxicities were assessed by the Chi-square test, using
Prism version 4.0 (GraphPad Prism Software Inc. San
Diego, CA, USA). P=0.05 (two-tailed) was set as a sig-
nificant level of difference. Multivariate analysis for the
log-transformed AUC ratio (APCfirinotecan) was per-
formed using age, sex, body surface area, dosage of irino-
tecan, history of smoking or drinking, performance status,
co-administered drugs, serum biochemistry parameters at
baseline, and genetic factors (including CYP3A4 haplotypes
and the UGTIAI*6 or *28 haplotype obtained in our previ-
ous study [22]) as independent variables. Multivariate anal-
ysis on toxicities (grade 3 diarrhea or nadir of absolute
neutrophil counts) was conducted for the patients who
received irinotecan monotherapy, where the variables
included dosing interval and the absolute neutrophil count
at baseline, in addition to the other patient background and
genetic factors described above. The variables in the final
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models for both AUC ratio and toxicities were chosen by
the forward and backward stepwise procedure at the signifi-
cance level of 0.1 using JMP version 6.0.0 software (SAS
Institute, Inc., Cary, NC, USA).

Results
Sex difference in PK parameters

Since hepatic CYP3A4 levels were reported to be signifi-
cantly higher in females than in males [24, 32|, we first ana-
lyzed the sex differences in the major PK parameters for
irinotecan and APC, a major CYP3A4 metabolite (Table 2).
As for irinotecan, lower total clearance and MRT, and
higher AUC/dose were observed in females, but the differ-
ences (3, 5 and 3%, respectively) were not significant. A
small but significant increase in C,,,/dose for irinotecan
was observed in females. This is attributable to the smaller
distribution volume of females. On the other hand, the
median values of AUC/dose and C,, /dose for APC of the
females were significantly higher than those of the males
(1.29- and 1.33-fold, respectively). The AUC ratio (APC/
irinotecan), a parameter of in vivo CYP3A4 activity, was
significantly higher (1.28-fold) in females than in males.
These findings suggest that these differences may reflect the
higher CYP3A4 activity in the females.

CYP3A4 genotypes

CYP3A4 diplotypes/haplotypes in 177 Japanese cancer
patients were determined according to the previous defini-
tion [4]. The CYP3A4 haplotypes found in this population
were *]A (wild type), *1G (IVS10 + 12G > A alone), *16B
[554C > G (Thri85Ser) and IVS10 + 12G > A}, and * /8B
[878T > C (Leu293Pro) and IVS10 + 12G > A]. In the cur-
rent study, neither *6 [830_831insA (Glu277fsX8)] nor *11
[1088C > T (Thr363Met)] were found. The frequencies of
*]1G, *I6B, and *I8B were 0.215, 0.014, and 0.020

(Table 3), and they were comparable to those obtained in
previous reports [4, 24]. Note that the haplotypes * /6B and
*]8B were detected only in male patients.

Associations of CYP3A4 genotypes with PK parameters

Considering the significant sex difference in APC levels,
associations between the CYP3A4 genotypes and PK
parameters were analyzed for each sex separately. In male
patients, no significant differences among the CYP3A4
genotypes were observed for total clearance and MRT of
irinotecan (Fig. 2a, b). In females, a slightly but signifi-
cantly lower (10%) median value for MRT of irinotecan
was observed in patients bearing *JG compared with those
carrying the wild type (*1A%*1A) (P = 0.022, Mann-Whit-
ney test) (Fig. 2b), whereas no significant */G-dependency
was observed for total clearance (Fig. 2a). No significant

Table 3 Frequencies of CYP3A4 haplotypes (A) and diplotypes (B)
for Japanese cancer patients in this study

(A) Haplotype No. of chromosomes Frequency
group® (N=354)
*IA 266 0.751
*IG 76 0215
*168B 5 0.014
*188 T 0.020
(B) Diplotype No. of patiemts Frequency
N=177)
*IAMIA 100 0.565
*IG*IA 55 0.311
*I1G/*I1G 10 0.056
*I6B/* 1A 4 0.023
*I6BI*1G 1 0.006
*I8BI*1A 7 0.040

* Groups based on tagging SNPs of major haplotypes previously defi-
ned [4]; *JA wild type, */G IVS10+ 12G > A; *I6B 554C>G
(Thr185Ser) and IVS10 + 12G > A; * /8B 878T > C (Leu293Pro) and
IVSI0+ 12G> A

Table 2 Pharmacokinetic

parameters for irinotecan- Pemmeters Male (N =134) Female (N =42) P value*
administered Japanese patients Median (25-75%¢) Median (25-75%.)
and sex differences
Irinotecan
Total CL (Vh per m?) 22.6 (18.5-26.9) 21.8(17.8-25.1) 0.242
AUC/dose (1072 h m? per 1) 444 (373-54.1) 45.8 (39.8-55.8) 0.242
C pas/dose (1072 m? per 1) 10.0 (8.96-11.3) 11.4 (10.4-12.4) 0.0003
MRT (h) 6.61 (6.01-7.40) 6.29 (5.78-1.12) 0.202
APC
AUC/dose (10 h m? per 1) 6,72 (5.23-9.49) 8.66 (6.57-13.1) 0.0071
f;i'i:c““n::mmrm‘“ Cpudose (107 m? per 1) 0.560 (0.430-0.805) 0.745 (0.610-1.14) 0.0007
AUC ratio (APCfirinotecan) 0.151 (0.114-0.210) 0.194 (0.132-0.266) 0.0179

* Mann-Whitney test
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