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Abhbreviations and Acronyms
FDG = F fluorodeoxyglucose
NSCLC = non-small cell lung cancer
PET = positron emission tomography
RFI = recurrence-free interval

phy, and blood testing, including tumor markers, 1 month after the
initial operation, every 3 to 6 months during the first 3 years, and
every half year to 1 year thereafter. If any abnormality was found,
we performed computed tomographic scans. We did not routinely
perform bone scanning and brain examinations for asymptomatic
patients. When a lesion suggesting locoregional or distant recur-
rence was detected, we scrutinized the whole body radiologically.

Thirty of the 592 patients underwent resection of a solitary
recurrent lesion. Among them, 2 patients who had recurrence-free
intervals (RFIs) of 1 and 4 months, respectively, were eliminated
from this study because they possibly had undetectable “missed”
M1 disease at the initial operation. Nine of the 28 patients were
symptomatic at the time of recurrence detection. All but 1 patient,
who had intrapulmonary recurrence, were asymptomatic. The me-
dian period from recurrence detection to the second operation
was 2.6 months (range, 0.2-24 months). The follow-up protocols
were the same before and after recurrence resection. The median
follow-up period after recurrence resection was 33 months, rang-
ing from 11 to 128 months.

For the remaining 562 patients, surgical intervention was not
indicated because recurrences were multiple, patients were unfit
for further surgical intervention, or both. They underwent pallia-
tive chemotherapy, radiotherapy, or best supportive care. Patients
with multiple recurrences who underwent palliative operations for
symptomatic sites were included in this group.

Prognostic Evaluation

We attempted to identify prognostic factors associated with sub-
sequent survival after resection of a solitary recurrent lesion. We
evaluated the following factors: clinical characteristics at recur-
rence (sex, age, carcinoembryonic antigen level, time from initial
resection to recurrence detection [RFI], symptoms at the time of
recurrence, site of recurrence, and mode of recurrence [locore-
gional or distant]) and pathologic findings of the primary lung
cancer (histology, tumor size, lymph node status, p-stage, and
lymphatic and vascular permeations). We defined locoregional
recurrence as recurrence within the ipsilateral thorax and distant
recurrence as all other recurrences, Each pathologic specimen was
reviewed by a board-certified pathologist who was blinded_to the
clinical outcome. Histology was specified on the basis of the
World Health Organization classification for cell types.'* Patho-
logic stages were determined on the basis of the TNM classifica-
tion of the International Union Against Cancer.'?

Survival Analysis

Survivals were calculated by using the Kaplan-Meier method and
were compared with the log-rank test. Zero time was the date of
recurrence identification, and the terminal event was defined as
death from any cause. An observation was censored at the last

TABLE 1. Clinicopatholoegic characteristics of 28 patients
with NSCLC who underwent resection of a solitary
recurrent lesion

Characteristics Value No.
Clinical characteristics at
recurrence
Age at recurrence Median 65
resection (y) Range 39-73
Sex Male 17
Female 11
RFI {mo} Median 23
Range 6-82
CEA level {ng/ml) Median 35
Range 0.5-3286
Recurrent site Ipsilateral lung 8
Contralateral lung 8
Brain )
Adrenal grand 2
Chest wall 1
Stomach 1
Skin 1
Abdominal lymph node 1
Bone (malar bone) 1
Pathologic characteristics of
primary tumor
Histology Adenocarcinoma 21
Squamous cell 5
carcinoma
Adenosquamous 1
carcinoma
Pleomorphic carcinoma 1
Size of primary tumor (cm) Mean = SD 41 =17
p-Stage of primary tumor  1A/IB 4/10
HA/IIB 2/6
HIA/TIB 42
Nodal status of primary NO/N1/N2 18/7/3

tumor

RFl, Recurrence-free interval;, CEA, carcinoembryonic antigen; SD, stan-
dard deviation.

follow-up when the patient was alive or lost to follow-up. Factors
with a P value of less than .15 were entered into the multivariate
analysis by using the Cox proportional hazards stepwise model.
All statistical analyses were performed with a software package
(JMP, release 5.0; SAS Institute Inc, Cary, NC).

Results

Patient Characteristics

Clinicopathologic characteristics of 28 patients who under-
went resection of a solitary recurrent lesion are shown in
Table 1. There were 17 men and 11 women, with a median
age of 65 years (range, 39-73 years) at the time of resection
of the recurrent lesion. At the initial operation, 26 of 28
patients underwent lobectomy and systemic mediastinal
lymph node dissection. Two patients underwent limited
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Figure 1. Comparative survival curves among 28 resected pa-
tients and 562 patients without resection. The difference in sur-
vival probability after recurrence is significant (1-, 2-, and 5-year
survivals after recurrence: 89%, 59%, and 32% vs 46%, 26%, and
6%; P < .001). '

lung resection because of insufficient pulmonary reserve.
Neoadjuvant platinum-based chemotherapy was adminis-
tered to 1 patient because of clinical N2 status. All patients
achieved macroscopically complete surgical removal of
their primary NSCLC tumor, but the resection margin was
pathologically positive in 1 patient. The patient had recur-
rence in the adrenal gland. RFI was almost 2 years (median,
23 months; range, 6-82 months). The lung (n = 16) was the
most frequent site of recurrence. The mode of resection for
intrapulmonary recurrences included 3 completion pneumo-
nectomies, 1 lobectomy, and 12 limited resections. Distal
gastrectomy was performed for the patient who had gastric
recurrence with severe progressive anemia, and open lymph
node resection was performed for the patient with pelvic
lymph node recurrence. Complete removal of the recurrence
was accomplished in all patients. There was no complica-
tion after resection of the recurrent lesion. One of 5 patients
with brain recurrence received whole-brain irradiation post-
operatively. No patients underwent systemic chemotherapy
after resection of the recurrent lesion. i

Survival and Prognostic Factors After Resection of the
Solitary Recurrent Lesion

Figure 1 shows comparative survival curves after recurrence
among 28 patients who underwent resection of the solitary
recurrent lesion and 562 patients in whom an additional
operation was not indicated. Overall 1-, 2-, and 5-year
survivals after recurrence were significantly better in pa-

tients who underwent resection of a solitary recurrent lesion
than in those who did not undergo resection (89%, 59%, and
32% vs 46%, 26%, and 6%; P < .001). The median survival
times after recurrence were 25 and 11 months, respectively.

Table 2 shows the relationship between survival after
resection of the recurrent lesion and the clinicopathologic
characteristics of the 28 patients. Multivariate analysis dem-
onstrated that advanced p-stage (stage II-1II) of the primary
lung cancer was the significant negative prognostic factor
associated with survival after recurrence detection (hazard
ratio, 6.15; 95% confidential interval, 1.09-30.8; P = .04).
As shown in Figure 2, the patients with p-stage II or III
disease demonstrated survival statistically equivalent to that
of patients not undergoing resection after recurrence detec-
tion (P = .11). In 14 patients with p-stage 1 disease, 10 and
3 patients survived for more than 2 and 5 years, respec-
tively, after recurrence detection. One with recurrence in the
malar bone is surviving for 7 years without a distant failure.
In contrast, 3 and 1 of 14 patients with p-stage II or III
disease survived for more than 2 and 5 years, respectively,
but with a distant failure.

Discussion
Most recurrences after primary NSCLC resection are mul-
tiple and disseminated and are usually treated with systemic
chemotherapy when patients can tolerate it. Although many
studies have shown that systemic chemotherapy prolongs
survival in unresectable stage IV NSCLC, there have been
no large-scale, randomized prospective trials addressing
whether chemotherapy improves survival of patients with
recurrence.'* In an effort to improve long-term tumor con-
trol and subsequent survival, attempts have been made to
incorporate surgical intervention in selected cases of soli-
tary NSCLC recurrence. Evidence that a solitary recurrent
lesion can be effectively treated with surgical intervention
exists for malignancies other than lung cancer. For colorec-
tal cancer, melanoma, and thyroid cancer, resection of re-
current lesions can offer prolonged survival.”>"!” For lung
cancer, some investigators have reported acceptable sur-
vival after resection of the recurrent lesion, but others have
contradicted these conclusions. Abrahams and coworkers*
demonstrated a satisfactory outcome in brain recurrence,
with a median survival time of 18 months and a 5-year
survival rate of 28.9%. In contrast, Saitoh and associates®
conducted 24 brain resections, with a 5-year survival rate of
only 8.3%. Prognostic factors for survival after resection of
the recurrent lesion have not been clarified.

Although our patient population was heterogeneous, with
a variety of recurrence sites, the overall survival after re-
section of the recurrent lesion was acceptable by current
standards, with a median survival time of 25 months and a
S-year survival rate of 32%. The patients with a solitary
NSCLC recurrence arising from an advanced primary tumor
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TABLE 2. Relationship between patient clinicopatholegic characteristics and survival after resection of a solitary

recurrent lesion

Univariate Muitivariate
MST analysis, analysis,
Factors No. {mo) 2-y survival (%) 5-y survival {%) P value P value
Age at recurrence resection {y) =65 14 22 43 26 A1 —
<65 14 27 75 38
Sex Male 17 26 53 31 A8 —_
Female 1 28 67 33
RFl {y) =2 13 26 68 45 .25 —
<2 15 27 51 22
CEA level at recurrence {ng/mb) >5 9 22 30 Not reached 13 .80
=5 19 30 70 38
Symptoms at recurrence + g 26 53 18 33 —
- 19 28 60 36
Site of recurrence Intrapulmonary 16 30 1 40 15 .50
Extrapulmonary 12 22 42 21
Mode of recurrence ‘Locoregional 10 26 57 46 A1 —
Distant 18 27 61 23
Histology Ad 21 26 55 3 a3 —
Non-Ad 7 30 67 33
Size of primary tumor {cm) =4 14 26 51 17 18 —
' <4 14 28 66 47
Nodal status of primary tumor NO (N-) 18 30 67 40 .08 A0
N1/N2 {(N+) 10 22 4 14
p-Stage of primary tumor ] 14 — 76 51 .0045 04
1l 14 19 10 10
Ly in primary tumor + 10 21 44 Not reached 32 —
- 18 27 67 33
V in primary tumor + 17 27 57 29 .97 —
- 1 26 61 36
MST, Median survival time; RF/, recurrence-free interval; CEA, carcinoembryonic antigen; Ad, adenocarcinoma; Ly, lymphatic permeation; V, vascular
permeation.
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Figure 2, Comparative survival curves among 14 resected pa-
tients with p-stage H or Il primary non-small cell lung cancer
and 562 patients without resection, There is no significant differ-
ence in survival probability after recurrence (P = .11).

sive NSCLC, a solitary recurrence might be just the begin-
ning of progressive-disseminated disease.

In our series patients who underwent resection of the
intrapulmonary recurrent lesion showed slightly but not
significantly better survival than the extrapulmonary recus-
rence group (P = .15). This might be because some in-

The Journal of Thoracic and Cardiovascular Surgery » Volume 131, Number 4 841



General Thoracic Surgery

Hishida et al

trapulmonary lesions were actually metachronous second
primary lung cancers. We can expect better prognosis for
metachronous lung cancer compared with intrapulmonary
recurrence.'®2° It can often be hard to discriminate a soli-
tary pulmonary recurrence from a metachronous second
primary lung cancer if the 2 lesions are of the same histo-
logic type.?! Therefore aggressive surgical resection for an
intrapulmonary lesion might be justified for patients with
adequate pulmonary reserve, regardless of the primary tu-
mor pathology.

Although we did not perform positron emission tomog-
raphy (PET) with '®F fluorodeoxyglucose (FDG) for the
patients in this study, FDG-PET has been reported to be a
helpful adjunct in screening for distant metastases but not
for brain metastases.?? Several investigators have reported
that FDG-PET could detect unexpected metastatic lesions in
10% to 20% of patients with newly diagnosed NSCLC.****
PET imaging might also be helpful in avoiding surgical
intervention in patients who have multiple recurrent le-
sions.?> However, it is well known that FDG is not tumor
specific and is also taken up in benign Iseions.?? Lardinois
and colleagues®® have reported that 46% of solitary ex-
trapulmonary lesions detected by means of integrated PET
and computed tomography were unrelated to lung cancer
metastases. Further studies will be needed to clarify whether
PET imaging is useful in identifying more clearly the pop-
ulation that benefits from additional surgical intervention
and in prolonging subsequent survival.

The limitation of the current study is that the number of
enrolled patients, especially in the surgical resection group,
was obviously small. Therefore a multi-institutional study
would be required to confirm our findings.

In conclusion, long-term survival can be achieved by
means of resection of a solitary recurrent lesion in highly
selected patients. However, surgical resection might be con-
traindicated if the primary NSCLC stage is II or III, espe-
cially when the recurrent lesion is extrapulmonary.

We thank Professor J. Patrick Barron, International Medical
Communications Center, Tokyo Medical University, for reviewing
the English-language manuscript.

References

1. Pisters KM, Le Chevalier T. Adjuvant chemotherapy in completely
resected non-small-cell lung cancer. J Clin Oncol. 2005;23:3270-8.

2. Saitoh Y, Fujisawa T, Shiba M, Yoshida S, Sekine Y, Baba M, et al.
Prognostic factors in surgical treatment of solitary brain metastasis
after resection of non-small-cell lung cancer. Lung Cancer. 1999;24:
99-106.

3. Granone P, Margaritora S, D’ Andrilli A, Cesario A, Kawamukai K,
Meacci E. Non-small cell lung cancer with single brain metastasis: the
role of surgical treatment. Eur J Cardiothorac Surg. 2001;20:361-6.

4. Abrahams JM, Torchia M, Putt M, Kaiser LR, Judy KD. Risk factors
affecting survival after brain metastases from non-small cell lung

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

26.

carcinoma: a follow-up study of 70 patients. J Neurosurg.
2001;95:595-600.

. Porte H, Siat J, Guibert B, Lepimpec-Barthes F, Jancovici R, Bernard

A, et al. Resection of adrenal metastases from non-small cell lung
cancer: a multicenter study. Ann Thorac Surg. 2001;71:981-5.

. Luketich JD, Martini N, Ginsberg RJ, Rigberg D, Burt ME. Successful

treatment of solitary extracranial metastases from non-small cell lung
cancer. Ann Thorac Surg. 1995;60:1609-11.

. Macheers SK, Mansour KA. Management of isolated splenic metas-

tases from carcinoma of the lung: a case report and review of the
literature. Am Surg. 1992;58:683-5.

. Schmidt BJ, Smith SL. Isolated splenic metastasis from primary lung

adenocarcinoma. South Med J. 2004;97:298-300.

. Nagashima A, Abe Y, Yamada S, Nakagawa M, Yoshimatsu T.

Long-term survival after surgical resection of liver metastasis from
lung cancer. Jpr J Thorac Cardiovasc Surg. 2004;52:311-3.

Shimizu K, Nagai K, Yoshida J, Nishimura M, Hayashi R, Yokose T.
Successful management of solitary malar metastasis from lung cancer.
Lung Cancer. 2002;36:337-9.

Martini N, Melamed MR. Maultiple primary lung cancers. J Thorac
Cardiovasc Surg. 1975;70:606-12.

Travis WD, Colby TV, Corrin B, Shimosato Y, Brambilla E. Histo-
logical typing of lung and pleural tumors. 3rd ed. Berlin: Springer
Verlag; 1999.

International Union Against Cancer. TNM classification of malignant
tumors. 5th ed. New York: Wiley-Liss; 1997.

Non-small Cell Lung Cancer Collaborative Group. Chemotherapy in
non-small cell lung cancer: a meta-analysis using updated data on
individual patients from 52 randomised clinical trials. BMJ. 1995;311:
899-909.

Fong Y, Salo J. Surgical therapy of hepatic colorectal metastasis.
Semin Oncol. 1999;26:514-23.

Essner R. Surgical treatment of malignant melanoma. Surg Clin North
Am. 2003;83:109-56.

Stojadinovic A, Shoup M, Ghossein RA, Nissan A, Brennan MF,
Shah JP, et al. The role of operations for distantly metastatic well-
differentiated thyroid carcinoma. Surgery. 2002;131:636-43.

Yoshino 1, Yohena T, Kitajima M, Ushijima C, Nishioka K, Ichinose
Y, et al. Survival of non-small cell lung cancer patients with postop-
erative recurrence at distant organs. Ann Thorac Cardiovasc Surg.
2001;7:204-9.

Pass HI, Carbone DP, Johnson DH, Minna JD. Lung cancer: principles
and practice. 3rd ed. Philadelphia: Lippincott Williams and Wilkins;
2004.

Rice D, Kim HW, Sabichi A, Lippman S, Lee 1J, Williams B, et al.
The risk of second primary tumors after resection of stage I nonsmall
cell lung cancer. Ann Thorac Surg. 2003;76:1001-8.

Battafarano RJ, Force SD, Meyers BF, Bell J, Guthrie TJ, Cooper ID,
et al. Benefits of resection for metachronous lung cancer. J Thorac
Cardiovasc Surg. 2004;127:836-42.

Pieterman RM, van Putten JW, Meuzelaar JJ, Mooyaart EL, Vaalburg
W, Koeter GH, et al. Preoperative staging of non-small-cell lung
cancer with positron-emission tomography. N Engl J Med. 2000;343:
254-61.

Marom EM, McAdams HP, Erasmus JJ, Goodman PC, Culhane DK,
Coleman RE, et al. Staging non-small cell lung cancer with whole-
body PET. Radiology. 1999;212:803-9.

Kalff V, Hicks RJ, MacManus MP, Binns DS, McKenzie AF, Ware
RE, et al. Clinical impact of (18)F fluorodeoxyglucose positron emis-
sion tomography in patients with non-small-cell lung cancer: a pro-
spective study. J Clin Oncol. 2001;19:111-8.

Hellwig D, Groschel A, Graeter TP, Hellwig AP, Nestle U, Schafers
HJ, et al. Diagnostic performance and prognostic impact of FDG-PET
in suspected recurrence of surgically treated non-small cell lung can-
cer. Eur J Nucl Med Mol Imaging. Epub September 9, 2005.
Lardinois D, Weder W, Roudas M, von Schulthess GK, Tutic M,
Moch H, et al. Etiology of solitary extrapulmonary positron emission
tomography and computed tomography findings in patients with lung
cancer. J Clin Oncol. 2005;23:6846-53.

842 The Journal of Thoracic and Cardiovascular Surgery * April 2006



Jpn J Clin Oncol 2006,36(10)655-661
doi:10.1093/jjcolhyl097

Once-Weekly Epoetin-Beta Improves Hemoglobin Levels in
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Objective: To determine a recommended dose of once-weekly epoetin-beta administration for
anemic cancer patients receiving myelosuppressive chemotherapy, we conducted a multicenter,
randomized, double-blind trial.

Methods: A total of 86 patients with malignant lymphoma or lung cancer who received chemo-
therapy containing platinum, taxanes or anthracyclines were enrolled in the study. Patients were
randomly assigned into groups that received three dose levels of epoetin-beta (9000, 18 000 or
36000 IU) administered subcutaneously once a week for 12 weeks. The primary endpoint was
change in hemoglobin, while the secondary endpoints were quality of life (QOL) assessed by
Functional Assessment of Cancer Therapy-Anemia (FACT-An) questionnaire and transfusion
requirements.

Results: Among the 69 patients (per protocol set population) assessable for efficacy, hemoglobin
level change in the 36000 IU group was significantly greater than that in the 9000 U group
(1.75 £ 2.15 versus 0.04 £ 1.98 g/dl; P = 0.009), and a significant dose~response relationship
was observed for the change in hemoglobin level (P = 0.003). Although changes in FACT-An Total
Fatigue subscale (Fatigue subscale) scores were similar for the three dosage groups, there was a
statistically significant correlation (r = 0.435, P < 0.001) between the change in hemoglobin levels
andthe change in Fatigue subscale scores. The proportion of transfused patients was significantly
smaller in the 36 000 U group compared with that in the 9000 IU group (P = 0.022, not adjusted
for pre-study transfusions). The incidence of adverse events was similar in the three dosage
groups.

Conclusions: Once-weekly epoetin-beta 36000 1U for 12 weeks was well tolerated and
significantly increased hemoglobin levels in anemic cancer patients receiving chemotherapy.

Key words: chemotherapy-induced anemia — erythropoietin — lung cancer — malignant lymphoma ~
quality of life
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INTRODUCTION

Erythropoietin (EPO) is a glycoprotein (MW 30000) which
is the hematologic growth factor produced primarily in the
kidney. EPO interacts with erythroid progenitor cells in the
bone marrow to increase the peripheral red blood cells (1).
Epoetin-beta is recombinant human erythropoietin (thEPO)
(2), which was introduced clinically in the 1990s for the
treatment of anemia associated with chronic renal failure, espe-
cially in patients receiving hemodialysis.

Cancer patients treated with chemotherapy often suffer from
anemia, which is a major contributing factor to fatigue leading
to compromised quality of life (QOL) (3,4). In addition, the
presence of anemia is associated with shorter survival of
patients with malignancies (5). Red blood cell transfusion is
the traditional and quickest method of alleviating symptoms of
cancer-related anemia. However, the side effects of transfusion
such as viral infections have not been completely resolved.
Patients tend to decline transfusions, and physicians do not
prescribe them in most cases until the hemoglobin levels
become <8.0 g/dl. The administration of thEPO is another
choice for the treatment of chemotherapy-inducted anemia.
Numerous studies on anemic cancer patients receiving
chemotherapy have demonstrated that rhEPO increased
hemoglobin levels and reduced the need for transfusions,
and some studies reported improvements in QOL as well
(6-11). The schedule of thEPO administration in most trials
was three-times per week. This schedule is inconvenient for
outpatients receiving chemotherapy. Gabrilove et al. (10) stud-
ied a weekly fixed-dose schedule using 40 000-60000 IU of
epoetin-alfa in cancer patients with anemia. The efficacy was
comparable with data on the historical regimen of 10000 IU
three-times weekly. Cazzola et al. (12) compared the efficacy
and tolerability of epoetin-beta 30 000 IU once-weekly with
that of a 10000 IU three-times weekly regimen in patients with
lymphoproliferative malignancies. Their study showed that
the once-weekly regimen was as effective as the three-times
weekly one in increasing hemoglobin levels and reducing
transfusion requirements.

We therefore conducted a multicenter, randomized, double-
blind, dose-finding trial of once-weekly epoetin-beta treatment
of malignant lymphoma and lung cancer patients receiving
platinum-, taxane- or anthracycline-containing chemotherapy.
These chemotherapy regimens are the most active and fre-
quently used for the treatment of these malignancies and also
produce relatively high incidences of anemia (4). According to
the results of this trial, a recommended dose of epoetin-beta
was determined for the subsequent randomized placebo-
controlled phase III trial in Japan.

PATIENTS AND METHODS
PATIENT ELIGIBILITY

Patients with histologically or cytologically confirmed malig-
nant lymphoma or lung cancer fulfilling the following criteria
were enrolled in the study. (i) Age 20-79 years; (ii) Either

platinum-, taxane- or anthracycline-based chemotherapy was
administered, and more than 2 courses of chemotherapy
were scheduled during the study (radiotherapy during the
study period was permitted); (iii) Hemoglobin < 11 g/dl
after chemotherapy administered within 6 weeks before
the study, without iron-deficiencies; (iv) Adequate hepatic
and renal function (serum total bilirubin < 2.0 mg/dl; serum
AST < 801U/, serum ALT < 80IU/,; serum creatinine < 2.0
mg/di); (v) Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0-2; (vi) Life expectancy of at
least 12 weeks. Exclusion criteria included uncontrolled hyper-
tension, gastrointestinal bleeding, and a known history of
myocardial infarction, cerebral infarction or pulmonary
embolism. Patients with known hypersensitivity to thEPO
and previous treatment with thEPO within 4 weeks before
the study were also excluded. Female patients who
were pregnant were not eligible. Written informed consent
was obtained from all patients before entry into the study.

STUDY DESIGN AND TREATMENT SCHEDULE

This study was a multicenter, randomized, double-blind,
parallel-group comparative trial. The study protocol was
approved by the institutional review board for each of the
11 participating centers in Japan. Epoetin-beta was supplied
by Chugai Pharmaceutical Co., LTD (Tokyo, Japan).

Enrolled patients were randomly assigned to receive one
of the three dose levels of epoetin-beta (9000, 18000, or
36000 IU). Randomization was prospectively stratified
according to age, PS, disease (lung cancer or malignant
lymphoma) and institution. Subcutaneous injection of
epoetin-beta was started at the beginning of the subsequent
chemotherapy course and continued, thereafter, once a week
for 12 weeks. If the hemoglobin level increased to more than
14 g/dl, epoetin-beta was discontinued until the hemoglobin
level decreased to <12 g/dl, and then re-administered at the
same dose. An oral iron supplementation (200 mg/day) was
taken daily during the study period. No specific guidelines
for transfusion use were defined.

ASSESSMENT OF EFFICACY AND SAFETY

The primary end point was change in hemoglobin level,
and the secondary end points were QOL and red blood cell
transfusion requirements. The change in hemoglobin between
the baseline and 12 weeks of administration or the last obser-
vation was evaluated. If chemotherapy was discontinued
within the 12-week period, the change in hemoglobin was
evaluated at the last observation; 4 weeks after the beginning
of a final-course of chemotherapy. The QOL instrument
used in the study was the Functional Assessment of Cancer
Therapy-Anemia (FACT-An) questionnaire (13). The Total
Fatigue subscale (Fatigue subscale), which consists of 13
items from FACT-An, was mainly analyzed (scores range
from 0 to 52). QOL was measured at the baseline, at 7-11
weeks; at the beginning of a chemotherapy course and at
12 weeks after the initiation of epoetin-beta administration.



Adverse events were graded according to the NCI-Common
Toxicity Criteria version 2.0 (Japanese edition; Japan Clinical
Oncology Group version 1).

STATISTICAL ANALYSIS

Of the enrolled patients, those who received epoetin-beta at
least once were included in the safety analysis. For efficacy
analysis, the per protocol set (PPS) population was defined as
eligible patients who received epoetin-beta without protocol
violation. Differences in mean changes in hemoglobin between
the groups were assessed by Dunnett’s multivariate compari-
son test (14). Changes in the Fatigue subscale scores were
compared by using a t-test. Pearson’s correlation coefficient
was calculated to assess the relationship between change in
hemoglobin and change in the Fatigue subscale scores. The
potential factors influencing the change in the Fatigue subscale
scores were examined by multiple regression analysis.

To determine the required number of patients, Dunnett’s
multiple comparison test was conducted with the 9000 IU
group as the control arm. At 2.0 g/dl of the change in hemo-
globin from baseline and with a 1.8 g/dl standard deviation
between the 9000 and 36 000 IU groups, the required number
of patients was calculated to be 21 per group; this means that
63 in total (two-tailed significance level: 5.0%; power: 90%).
In the study, it was planned to use the PPS as the main
analysis for efficacy; therefore, the target number of subjects
was established as 84 to allow for patient dropout.

RESULTS
PATIENT CHARACTERISTICS

A total of 86 patients were enrolled between April 2002 and
January 2003, and 83 patients were administered epoetin-beta.
All of these 83 patients were eligible for the assessment of
safety. For efficacy analysis, 14 patients were then excluded;
13 patients received <7 doses of epoetin-beta with or without
<2 courses of chemotherapy mainly due to progression of the
disease; and one patient lacked the baseline hemoglobin data.
So 69 patients comprised the PPS population evaluated for
efficacy. Baseline characteristics of the patients in the PPS
population were generally well balanced among the three dos-
age groups (Table 1), except for transfusion requirements within
4 weeks before the study; in the 9000 IU group, more patients
had required transfusions (P = 0.130). Table 2 shows the
distribution of chemotherapy regimens used during the study.

HEMOGLOBIN RESPONSE

Figure 1 shows the mean weekly hemoglobin levels over the
12 weeks of the study for the patients in the PPS population.
In the 36000 IU group, the mean hemoglobin level increased
significantly starting from 6 weeks. In contrast, in the 9000 IU
group, the mean hemoglobin levels changed little during
the study period, despite a higher transfusion rate. The mean
changes in hemoglobin level from baseline to last observation
for the three dosage groups were summarized in Fig. 2. In
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36000 IU group, a significantly greater increase in the hemo-
globin level was observed compared with that in 9000 IU
group (P = 0.009); however, there was no significant differ-
ence between the 18000 and 9000 IU groups (P = 0.154).
A significant dose-response relationship for the change in
hemoglobin level was observed (P = 0.003). As an additional
evaluation of efficacy, the proportion of patients who achieved
a >2 g/dl increase in hemoglobin level during the study was
determined. The results were 40.9% (9/22), 66.7% (16/24)
and 78.3% (18/23) in the 9000 IU group, 18000 IU groug
and 36 000 IU group, respectively. Epoetin-beta was withheld
from 16 patients (one patient in 9000 IU, 8 in 18 000 IU and
7 in 36 000 IU) during the study period, whose hemoglobin
levels exceeded 14 g/dl.

RED BLOOD CELL TRANSFUSION REQUIREMENTS

Five of 22 patients (22.7%) were transfused in the 9000 IU
group, 4 of 24 patients (16.7%) in the 18 000 IU group and
none of 23 patients in the 36 000 IU group. The proportion of
transfused patients was significantly smaller in the 36000 IU
group compared with that in the 9000 IU group (P = 0.022).
When patients who had received transfusions within 4 weeks
before the study were excluded from the analysis; however,
there was no significant difference between the three dosage
groups.

QOL

Of the PPS population, 69 patients (100%) at baseline,
62 (89.9%) at 7-11 weeks and 61 (88.4%) at 12 weeks
were evaluated for QOL scores. No significant mean change
in Fatigue subscale scores was observed in any group at 7-11
weeks and 12 weeks. The relationship between change in
hemoglobin level and change in the Fatigue subscale score
was examined by correlation analysis. There was a statistically
significant correlation (r = 0.435, P < 0.001) between change
in hemoglobin levels and change in the Fatigue subscale scores
at 7-11 weeks (Fig. 3). Multiple regression analysis was
then performed to assess the potential factors contributing
to the change in the Fatigue subscale score at 7-11 weeks.
The Fatigue subscale score at baseline and change in hemo-
globin level were significantly associated with the change
in the Fatigue subscale score (P = 0.001). Association with
other factors such as the weekly dose of epoetin-beta and
chemotherapy regimens were not significantly associated.
Patients who achieved an increase in hemoglobin of >2 g/dl
at 7-11 weeks had significant improvements in their Fatigue
subscale scores (P = 0.012) (Fig. 4).

SAFETY

The incidence of adverse events was generally similar between
the three dosage groups (Table 3). As hematological adverse
events, most common were lenkocytopenia, neutropenia and
thrombocytopenia. As non-hematological adverse events,
nausea and appetite loss were commonly observed. One patient
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Table 1. Patient characteristics by epoetin-beta dosage group

Patent population

Epoetin-beta dosage groups

9000 TU 18000 IU 36000 IU
Randomly assigned patients (n) 28 29 29
Patients evaluated for safety () 28 27 28
Patients evaluated for efficacy (PPS) (n) 22 24 23
Characteristic 9000 1IU 18000 IU 36000 IU
(n=122) (n=24) (n=23) P
Age (year)
Mean * SD 60.5 £ 16.6 63.0 £ 11.9 619+ 11.7 0.828
Min-Max 22~79 31-76 34-77
Weight (kg)
Mean * SD 53.5+87 50.9+73 551 +115 0.316
Min-Max 36.1-69 38.8-66.9 34.8-87.5
Sex male/female (n) 13/9 13/11 14/9 0.890
Disease
Lung cancer (n) 11 13 11 0.907
Malignant lymphoma (n) 11 11 12 _
de novo/relapse (n) 17/5 19/5 18/5 0.988
Performance Status 0/1/2 (n) 10/11/1 11/12/1 10/121 1.000
RBC transfusion before the study (n) 5 2 1 0.130
Hemoglobin (g/dl)
Mean *+ SD 101 +13 100+ 15 10210 0914
Min-Max 7.4-12.2 7.4-13.2 8.1-11.7
Serum EPO concentration (mIU/ml)
Mean * SD 433 £ 38.1 46.8 £ 439 304+ 184 0.259
Min-Max 13.1-173 14.4-170 7.0-103
Serum transferrin saturation (%)
Mean % SD 31.1 159 254+ 11.5 255+ 13.8 0.287
Min-Max 94-71.8 10.1-48.0 6.9-774

SD, standard deviation; Min, minimum; Max, maximum; RBC, red blood cell; EPO, erythropoietin.

in the 36000 TU group experienced deep vein thrombosis,
which was evaluated as unrelated to epoetin-beta. When the
thrombosis was found, anemia had not improved (baseline
hemoglobin level was 9.9 g/dl and that at the onmset of
thrombosis was 9.2 g/dl); therefore, deep vein thrombosis
was considered to be due to prolonged immobility brought
on by aggravated malignant lymphoma and PS.

Severe adverse events were reported for 12 patients and were
judged by the investigators as unrelated to the administration
of epoetin-beta. Of the adverse events, 65 events in 23
patients (27.7%) were considered related to epoetin-beta.
The incidence of these events was similar between the three
dosage groups (Table 3). An increase of serum ALT was
observed in one patient (3.6%) in the 9000 IU group, two

(7.4%) in the 18000 IU group and two (7.1%) in the
36000 IU group. Hypertension or an increase of blood
pressure was observed in one patient (3.6%) in the 9000 TU
group, three (11.1%) in the 18 000 IU group and one (3.6%) in
the 36 000 IU group. Drug administration was discontinued in
one of these patients due to hypertension. No tendency was
found in the onset time of hypertension, nor in changes of
hemoglobin from baseline at the time hypertension occurred.

Anti-erythropoietin antibody was not detected in any patient,
but pure red cell aplasia (PRCA) was reported in one malignant
lymphoma (Angioimmunoblastic T-cell Lymphoma) patient
over a year after this trial. In this patient, neutralizing anti-
erythropoietin antibody was not detected even after PRCA was
diagnosed.



Table 2, Chemotherapy regimens used by PPS population during the study

Chemotherapy regimens Epoetin-beta dosage groups
9000 IU 18000 TU 36000 TU
(n=22) (n=24) (n=23)
Malignant lymphoma A
(R)CHOP 5 6 9
(R)EPOCH 2 3 2
ESHAP 0 2 0
Other regimens 4 0 1
Lung cancer
Platinum + Paclitaxel 4 2 2
Platinum + Irinotecan 1 4 3
Platinum + Etoposide 3 2 1
Platinum + Vinorelbine 1 2 1
Other regimens 2 3 4

PPS, Per Protocol Set; (R)CHOP, (Rituximab) + Cyclophosphamide +
Doxorubicin + Vincristine + Prednisolone; (R)EPOCH, (Rituximab) +
Etoposide + Doxorubicin + Vincristine + Cyclophosphamide + Prednisolone;
ESHAP, Etoposide + Methylprednisolone + High Dose Ara C (Cytarabine) +
Cisplatin.
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Figure 1. Mean weekly hemoglobin levels for Per Protocol Set population
by epoetin-beta dosage Group. Hb, hemoglobin; SD, standard deviation.
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Figure 2. Mean change in hemoglobin level from baseline to last observation
(at 12 weeks or 4 weeks after the beginning of a final-course of chemotherapy)
by epoetin-beta dosage group (Per Protocol Set population). Hb, hemoglobin;
EPQ, epoetin-beta; SD, standard deviation.

DISCUSSION

Recently, results of several clinical studies have demon-
strated the efficacy and safety of weekly thEPO for the
treatment of cancer-related anemia (10,12,15,16). In a large,
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Anemia total Fatigue subscale score between baseline and 7-11 weeks by
change in hemoglobin level (change in hemoglobin of >2 g/dl or <2 g/dl from
baseline). FACT-An, Functional Assessment of Cancer Therapy-Anemia;
Hb, hemoglobin; SD, standard deviation.

nonrandomized, community-based study reported by
Gabrilove et al. (10), once-weekly dosing of epoetin-alfa
was as effective as three-times weekly dosing in increasing
hemoglobin levels and improving QOL. Cazzola et al. (12)
reported a randomized study of epoetin-beta that compared
the efficacy and tolerability of 30000 IU once-weekly with
the conventional 10000 IU three-times weekly regimen in
patients with lymphoproliferative malignancies. Between
these two dosing regimens, there was no significant difference
in time-adjusted area under the hemoglobin curve and increase
in hemoglobin. Two randomized phase III studies using
40000 IU once-weekly epoetin-alfa also support the use of
epoetin-alfa as an ameliorative agent for cancer-related
anemia (15,16).



660

Once-weekly epoetin-beta improves hemoglobin levels in cancer patients

Table 3. Incidence of most common adverse events by epoetin-beta dosage group (safety population)

Epoetin-beta dosage groups

9000 TU 18000 IU 36000 IU All patients
(n=128) (n=27) (n=28) (n=83)
No. % No. % No. % No. %
Adverse events (incidence > 20%, any grade)
Leukopenia 23 82.1 24 88.9 23 82.1 70 84.3
Neutropenia 20 714 19 704 15 53.6 54 65.1
Nausea 15 53.6 19 70.4 16 57.1 50 60.2
Thrombocytopenia 17 60.7 13 48.1 15 53.6 45 54.2
Anorexia 18 64.3 17 63.0 8 28.6 43 51.8
Fever 10 35.7 6 222 12 42.9 28 33.7
Vomiting 8 28.6 9 333 11 39.3 28 339
Malaise 9 321 10 37.0 7 25.0 26 313
Increased ALT 7 25.0 8 29.6 10 35.7 25 30.1
Diarrthea 8 28.6 10 37.0 6 214 24 28.9
Lymphopenia 13 464 6 222 5 179 24 28.9
Fatigue 8 28.6 7 25.9 8 28.6 23 27.7
Increased AST 5 17.9 6 222 9 32.1 20 24.1
Increased LDH 3 10.7 11 40.7 6 214 20 24.1
Constipation 5 179 6 222 6 214 17 20.5
Adverse events related to epoetin beta (incidence > 3%, any grade)

Total number of patients 9 321 8 29.6 6 214 23 219
Total number of events 16 32 17 65
Hypertension/increased blood pressure 1 36 3 111 1 3.6 5 6.0
Increased ALT 1 3.6 2 74 2 1.1 5 6.0

ALT, alanine aminotransferase.

This is the first prospective randomized dose-finding study
of once-weekly epoetin-beta in anemic cancer patients treated
with chemotherapy. The study demonstrated that the mean
increase in hemoglobin level in the 36 000 IU group was sig-
nificantly higher than that in the 9000 IU group, while the
mean increase in hemoglobin level in the 18000 IU group
was not significantly higher than that in the 9000 IU group.
In the present study, epoetin-beta 36000 IU once-weekly
administration showed the same efficacy (an increase in
hemoglobin level) as a 200 IU/kg thrice-weekly regimen
studied in lung cancer patients receiving chemotherapy (6).
It is noteworthy to point out that once-weekly epoetin-beta
can be conveniently used in an outpatient-based chemotherapy
regimen.

FACT-An is one of the widely used QOL assessment tools,
which comprises the FACT-General and a 20-item Anemia
subscale, 13 items of which make up a Fatigue subscale.
Many reports indicated that chemotherapy-induced anemia
increased the ease of a patient becoming fatigued and resulted
in decreased patient QOL (17-19). The administration of

36000 IU epoetin-beta did not significantly improve the
patients’ Fatigue subscale score in spite of increased hemo-
globin levels. As a primary goal of the study was to determine
a recommended dose of epoetin-beta, the study design was
not planned and did not have adequate statistical power to
determine whether epoetin-beta would improve the Fatigue
subscale scores. According to the results of the study by
Hedenus et al. (20), patients with the lowest baseline Fatigue
subscale scores (baseline scores of <24) reported the largest
improvement in Fatigue subscale scores after the treatment
with darbepoetin alfa. In contrast, patients with baseline
Fatigue subscale scores of >36 did not show any improvement.
In the subset analysis of our study, among the patients with
.baseline Fatigue subscale scores of <36, a mean improvement
in the Fatigne subscale scores at 7-11 weeks were —1.8 for the
9000 TU group, +1.9 for the 18 000 IU group and +4.3 for the
36000 IU group (36000 IU versus 9000 IU P = 0.183). Our
data also demonstrated a significant correlation between
change in Fatigue subscale score and change in hemo-
globin level and showed that the patients who responded



with a hemoglobin increase of >2 g/dl showed significant
improvements in the Fatigue subscale scores. In conjunction
with these findings, the administration of epoetin-beta may
not be beneficial for the patients with relatively high hemo-
globin levels and/or less symptomatic even in an anemic state.
Thus, the actual hemoglobin level for initiation of epotein
beta will be critical for its optimal use. The ASCO/ASH
clinical practice guideline in 2002 recommends the use of
thEPO for chemotherapy-associated anemia patients with
the hemoglobin level of <10 g/dl and that the use of thEPO
for patients with the hemoglobin level of 10-12 g/dl should be
determined by clinical circumstances (21).

Most of the adverse events in the present study were con-
sidered to be related to concomitant chemotherapy, and the
incidence of side effects was similar among the three dosage
groups. Two large randomized studies (22,23) targeting
higher hemoglobin levels raised concerns about the safety
of rhEPO, because of the increased thrombovascular events
and worsening survival of cancer patients. In our study,
one patient in the 36000 IU group experienced deep vein
thrombosis, which was evaluated as unrelated to epoetin-
beta. Stimulated tumor growth is another possible mechanism
for worsened survival in the thEPO studies. A meta-analysis
of 27 randomized trials of thEPO showed suggestive but incon-
clusive evidence for improved overall survival in patients
who received thEPO (8). Further large scale randomized
studies are necessary to confirm the effect of thEPO on
tumor outcome and overall survival.

In conclusion, once-weekly epoetin-beta 36000 IU for
12 weeks was well tolerated and significantly increased
hemoglobin levels in anemic cancer patients receiving chemo-
therapy. Therefore, the weekly dose of 36 000 IU epoetin-beta
was determined as a recommended dose for a subsequent
randomized, placebo-controlled, phase III study in Japan.

Part of the results in this report was contributed as
Abstract No. 8169 at the 2004 American Society of Clinical
Oncology Annual Meeting.
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Fifty single-nucleotide polymeorphisms (SNPs) associated
with amine acid changes in 36 genes involved in diverse
DNA repair pathways were assessed for associations with
risk for small cell lung carcinoma (SCLC) by a case-
control study consisting of 211 SCLC cases and 685 con-
trols. An SNP, Val83Met, in the MTHI (mutT homolog 1)
gene encoding a triphosphatase that hydrolyzes pro-
mutagenic oxidized nucleoside triphosphates, such as
8-hydroxy-dGTP and 2-hydroxy-dATP, showed the stron-
gest and a significant association with SCLC risk [odds
ratio (OR) = 1.6, 95% confidence interval (CI): 1.2-2.2,
P = 0.004], while three other SNPs in the TP53, BLM and
SNM]1 genes, respectively, also showed marginal associa-
tions (0.05 < P < 0.1). Another SNP, which causes a
nucleotide change in the 5-UTR of MTHI transcripts
leading to alternative tramslation imitiation, was addition-
ally examined and the SNP also showed a significant
association (OR = 1.7, 95% CI: 1.2-2.3, P = 0.002). The
two SNPs in the MTHI gene were in linkage disequilib-
rium, and the OR for carrying a copy of the haplotype
consisting of both the risky SNP alleles was 2.0 (95% CI:
1.2-3.2, P = 0.002). The present results indicate that inter-

Abbreviations: ADC, adenocarcinoma; CI, confidence interval; LCC, large
cell carcinoma; MTHI, mutT homolog 1; NSCLC, non-small cell lung
carcinoma; OR, odds ratio; SCLC, small cell lung carcinoma; SNPs, single-
nucleotide polymorphisms; SQC, squamous cell carcinoma.
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individual differences in MTH1 activities due to SNPs are
involved in susceptibility to SCLC.

Introduction

Lung cancer is the leading cause of cancer-related deaths in
the world, and is comprised of a group of four histologically
distinct types: adenocarcinoma (ADC), squamous cell carci-
noma (SQC), large cell carcinoma (LCC) and small cell lung
carcinoma (SCLC) (1). SCLC accounts for ~20% of all lung
cancer cases and has clinical and biological characteristics
distinct from non-small cell lung carcinoma (NSCLC). More
than 90% of patients at the time of diagnosis are stage III
or stage IV owing to its early and wide dissemination.
Although, in most cases tumors initially respond to chemo-
therapy, >95% of patients eventually die from the cancer.
Accordingly, the prognosis of patients with SCLC is poor,
and 5-year survival of SCLC is <10% (1-3). Thus, SCLC is
the most aggressive type of lung cancer. Genes responsible
for the susceptibility to SCLC have been searched for to
establish novel and efficient ways of preventing the disease.
On the basis of the fact that smoking contributes to SCLC
development, polymorphisms in metabolic genes encoding
enzymes that activate or detoxify carcinogens in tobacco
smoke are being studied for association with SCLC risk by
case—control studies. Up to the present, a few metabolic
genes, such as CYPIAI, CYP2A6 and GSTMI1, have been
found to be associated with SCLC risk (4-7). Thus, it is
possible that polymorphisms in several metabolic genes are
involved in SCLC susceptibility.

Polymorphisms in DNA repair genes have been considered
to be involved in susceptibility to cancers, since they are
thought to canse inter-individual differences in the capacity
for preventing mutagenesis (8-12). In fact, single-nucleotide
polymorphisms (SNPs) in several DNA repair genes have
been shown to be associated with the risk for several types of
cancers (12,13). Carcinogens in cigarette smoke are thought
to cause a variety of pro-mutagenic DNA adducts, including
benzo[a]pyrene-diol-epoxide (BPDE) and 8-hydroxyguanine
(80OHG), which are repaired by nucleotide excision repair
(NER) and base excision repair (BER) (12). Lung cancer
patients were indicated to have lower activities of NER and
BER than healthy individuals (9,14). Mice deficient in BER
were reported to predispose to lung cancer (15). These results
support the fact that inter-individual variations of DNA
repair activity are involved in lung cancer susceptibility. We
recently identified 50 non-synonymous (associated with
amino acid change) SNPs in 36 DNA repair genes involved
in diverse intracellular processes that maintain genome
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integrity (13) (see Table H). These 50 SNPs were examined
for association with NSCL.C risk in a case—control study con-
sisting of 752 ADC cases, 250 SQC cases and 685 controls,
and four of them, LIG4-Ile658Val, TP53-Arg72Pro, POLI-
Thr706Ala and REV1-Phe257Ser, were found associated
with NSCLC risk. The results suggested that polymorphisms
in genes involved in a variety of DNA repair pathways con-
tribute to NSCLC susceptibility. However, to our knowledge,
association of SNPs in DNA repair genes with SCLC risk
has not been extensively investigated; therefore, their
involvements in SCLC susceptibility is unknown. Thus, in
the present study, allele distributions for 50 SNPs in 36 DNA
repair genes were examined in 211 SCLC cases to investigate
association of the SNPs with SCLC risk. Furthermore, DNA
repair genes commonly or specifically involved in suscepti-
bility to SCL.C and NSCLC were investigated by comparing
the present results with our previous results on NSCLC.

Subjects and method

Case—control study

All cases and controls were Japanese. The cases consisted of 211 SCLC
patients of four hospitals located in the Kanto area of Japan (i.e. Tokyo and
surrounding prefectures) from 1999 to 2004. The hospitals were the National
Cancer Center Hospital (NCCH) (113 patients), the National Cancer Center
Hospital East (NCCHE) (81 patients), the National Nishigunma Hospital
(NNGH) (16 patients) and the Gunma Prefecture Cancer Center Hospital
(1 patient). All SCLC cases, from whom informed consent as well as blood
samples were obtained, were consecutively included in this study without
any particular exclusion criteria. All the cases were diagnosed by cytological
and/or histological examinations according to WHO classification (16). From
each individual, 2 10 or 20 ml whole-blood sample was obtained. Genomic
DNAs for all the cases and the controls were isolated from the samples, and
10 ng of genomic DNA was subjected to genotyping by pyrosequencing as
described previously (13). Information on the primer sequences and
conditions for PCR were described previously (13).

Genotypes for the 50 SNPs of 685 controls had been determined by the
same method as used in the present study (13). The information on the
controls was described previously (13). Briefly, the controls consisted of
patients of two hospitals, NCCH and NNGH, in which SCLC cases were
enrolled, and 302 healthy volunteers of Keio University, located in Tokyo.
All of the control subjects were selected with a criterion of no history of any
cancer.

Smoking history of cases and controls was obtained via interview using a
questionnaire. Smoking habit was expressed by pack-years, which was
defined as the number of cigarette packs smoked daily multiplied by years of
smoking, both in current smokers and former smokers. Smokers were defined
as those who had smoked regularly for 12 months or longer at any time in
their life, while non-smokers were defined as those who had not. The study
was approved by the institutional review boards of the National Cancer
Center, the Nishigunma Hospital, the Gunma Prefecture Cancer Center and
Keio University.

MTHI1 polymorphisms and small cell lung carcinoma susceptibility

Statistical analysis

Differences in the allele distributions for the 50 SNPs between the cases and
controls were tested by the y’-test. Hardy—Weinberg equilibrium (HWE)
tests were performed using the TFPGA software (htip://bioweb.usu.edn/
mpmbio/). Calculation of the D' and r* values and haplotype estimation
were undertaken using the EM algorithm. The strength of association of
MTHI (mutT homolog 1) genotypes and haplotypes with SCLC risk was
measured as crude odds ratios (ORs), and ORs were adjusted for gender, age
(49, 50-59, 60-69, 70) and smoking dosage (pack-years: 0, 1-49, 50) with
95% confidence intervals (CIs) by unconditional logistic regression analysis
(17). ORs for carrying a copy of a haplotype were also calculated by the
bootstrap method with 5000 resampling. All the statistical analyses were
performed using the SAS version 9 software (SAS Institute, NC, USA).

Results

We conducted a case—control study consisting of 211 SCLC
cases and 685 controls (Table I). The SCLC cases consisted
of patients enrolled in four hospitals in Tokyo and surround-
ing prefectures. The 685 controls consisted of patients/
outpatients and healthy volunteers without a history of cancer
enrolled in two hospitals and a university in the same area.
Most of the SCLC cases were males and had a smoking
habit, as has been reported (18,19). Therefore, the SCLC
cases showed a higher fraction of males and smokers than the
controls, and the mean smoking dosage of the SCLC cases
was larger than that of the controls.

All the 685 controls were genotyped for the 50 SNPs with
a success rate of 99.98% in our previous study (13). The
211 SCLC cases were genotyped for the same 50 SNPs in the
present study, and the success rate was 99.94% (Table II).
The allele distribution in the SCLC cases was compared with
that in the 685 controls. None of the 50 SNPs deviated from
HWE in cases and controls (P > 0.05). A significant
difference in the allele distribution between the controls and
cases was observed in one of the 50 SNPs, MTH1-Val83Met
(OR for the MTH1-83Met allele = 1.6, 95% CL 1.2-2.2,
P = 0.004) (Table II). Marginally significant (0.5 < P < 0.1)
allele differentiations were observed in three SNPs, SNM1-
His317Asp, TP53-Arg72Pro and BLM-Thr298Met. Allele
distributions for the other 46 SNPs were not significantly or
were marginally significantly different between the controls
and cases.

The relative risks of the genotypes for the four SNPs,
which showed significant or marginally significant allele
differentiations, were calculated as crude and adjusted ORs.
Heterozygotes, homozygotes for the MTHI1-83Met allele
and carriers of the allele showed significantly increased

Table 1. SCLC cases and controls for case—control study

Subject Institution® No. Gender (%) Age Smoking habit (%) Pack-years of smokers
Male Female (Mean + SD) Non-smoker Smoker Unknown (Mean = SD)
Case NCCH 113 88 (78) 25 (22) 61 + 10 8(7) 105 (93) [{X ()] 62 + 31
NCCHE 81 68 (84) 13 (16) 65 + 8 0 (0) 77 (95) 4(5) 57 £ 30
NNGH® 17 16 (94) 1(6) 68 + 8 0O 17 (100) 00 55 %25
Total 211 172 (82) 39 (18) 639 84 199 (94) 4(2) 59 £ 30
Control NCCH 242 129 (53) 113 (47) 60 = 16 138 (57) 102 (42) 2 36 =32
NNGH 141 100 (71) 41 29 65 + 14 46 (3%) 91 (65) 4(3) 46 + 35
KEIO 302 254 (84) 48 (16) 48 £ 10 202 (67) 94 (31) 6 () 22 %20
Total 685 483 (71) 202 (29) 55+ 13 386 (56) 287 (42) 12 (2) 35+31

’NCCH, National Cancer Center Hospital; NCCHE, National Cancer Center Hospital East; NNGH, National Nishigunma Hospital; KEIO, Keio university.

PIncluding a case of Gunma Prefecture Cancer Center Hospital.
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Table II. Allele frequencies of 50 SNPs in 36 DNA repair genes in controls and cases

DNA repair Gene SNP Amino acid change dbSNP ID Minor allele frequency®
Control® Case
BER PARP/ADPRT T2444C Val762Ala rs1805412 0.40 0.37
A2978G Lys940Arg 151136471 0.05 0.04
APEX/APEI A395G Tle64Val 152307486 0.04 0.05
T649G Asp148Giu rs3136820 0.38 041
MBD4 G1212A Glu346Lys 15140693 0.35 0.36
MTHI/NUDTI G273A Val83Met 14866 0.09 0.15 (P = 0.004)
0GGl1 C2243G Ser326Cys 131052133 048 0.46
XRCC1 C685T Argl94Trp rs1799782 0.33 0.30
G944A Arg280His 125489 0.09 0.08
G1301A Arg399Gin 1525487 0.25 0.24
NER ) XPG/ERCCS C3507G His1104Asp 1517655 0.42 0.46
CSB/ERCC6 G1275A Gly399Asp 152228528 045 043
XPC A2655C Lys939GIn 152228001 0.40 0.38
XPD/ERCC2 G1615A Asp312Asn 11799793 0.04 0.04
A2932C Lys751Glin 151052559 0.05 0.05
Mismatch repair MLHI A676G Nle219Val 1581799977 0.05 0.03
MLH3 C2645T Pro844Len rs175080 0.18 0.16
C2939T Thr9421le 1517102999 0.05 0.06
MSH2 Cco1T Thr8Met 1817217716 0.02 0.02
MSH3 A3122G Thr1036Ala 1526279 0.24 0.27
MSH6 G203A Gly39Giu 151042821 0.32 0.31
DNA double-strand break repair BRCA2 Al342C Asn372His 15144848 022 0.21
SNM1/KIAAO086 C1867G His317Asp 153750898 0.26 0.30 (P = 0.08)
LiG4 A2245G° Te658Val 152232641 0.04 0.06
NBSI C605G Gln185Glu 51805794 0.50 0.46
RADSIL3/RADSID G501A Argl65Gin 154796033 0.04 0.03
RADS4L AS51G Lys151Glu 152295466 0.02 1001
RINT-1 G33C Glu4Gln 1818620 0.07 0.09
XRCC3 C1075T Thr241Met 15861539 0.09 0.09
DNA damage response P53 G466C° Arg72Pro rs1042522 0.33 0.38 P = 0.097)
DNA polymerase POLDI G409A Arg119His 151726801 0.20 022
POLH/XPV/RAD30 Al1840G Lys535Glu - 0.03 0.04
POLI/RAD30B A2180G° Thr706Ala 158305 0.25 0.24
POLL C1683T Argd38Trp 153730477 0.01 0.012
REVI T982C° Phe257Ser 153087386 033 0.32
A1330G Asn373Ser rs3087399 0.04 0.04
POLZ/REV3 C4259T Thril46lle 15462779 0.35 0.37
Other pathways BLM C967T Thr298Met 1528384991 0.09 0.12 (P =0.09
G4035A Val13211le 187167216 0.04 0.04
FANCA G827A Ala266Thr 1517232400 0.03 0.03
G1080A Arg350GIn 1517233497 0.01 0.01
A1532G Ser501Gly 52239359 0.17 0.16
A2457G Asp809Gly 157195066 0.03 0.03
C3294T Ser1088Phe rs7190823 0.02 0.02
FANCE G451T Arg89Leu - 0.01 0.00
GI1213A Arg343Gln - 0.04 0.04
FANCF A983G Lys324Glu - 0.003 0.002
FANCG/XRCC9 C1382T Thr2971le 152237857 0.12 0.13
WRN C2573T Thr7811le 1517847568 0.03 0.03
T4330C Cys1367Arg 151346044 0.09 0.07

®P.values by %-test against the control population are shown, when they are <0.1.

®Determined in our previous study (12).

“Significantly associated with SQC and/or ADC risks in our previous study (12).

ORs, when homozygotes for the 83Val allele were used as a
reference, respectively (Table III). On the other hand, ORs of
genotypes for the remaining three SNPs, SNM1-His317Asp,
TP53-Arg72Pro and BLM-Thr298Met, did not show signifi-
cant increases or decreases in SCL.C cases (data not shown);
therefore, these SNPs were not further investigated in the
present study.

The MTHI gene, whose SNP, Val83Met, showed a
significant association as described above, encodes a ftri-
phosphatase that hydrolyzes oxidized purine nucleoside
triphosphates, such as 8-hydroxy-dGTP and 2-hydroxy-
dATP (20). The activity of the MTH1-83Met protein was
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reported to be more thermolabile than that of the MTHI-
83Val protein (20-22). The mitochondrial translocation of
the MTH1-83Met protein was reported to be less efficient
than that of the MTH1-83Val protein (23). Thus, it was
suggested that the MTH1-83Met protein is less active than
the MTH1-83Val protein. Previously, another SNP was found
in a non-coding exon of MTHI (i.e. the T/C SNP in exon 2)
7.0 kb distal to the MTH1-Val83Met SNP, and the C allele in
exon 2 leads to the production of an additional transla-
tion start site, resulting in the production of a longer MTH
polypeptide in addition to commonly produced MTH
polypeptides (21). This T/C SNP of the MTHI gene was
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Table OI. MTH1 genotypes and SCLC risk

Since both the case and control subjects in the present
case—control study were enrolled in several institutions, it
was possible that differences in the institutions lead to the
observed allele differentiations due to population stratifi-
cation. Therefore, we compared allele frequencies for the
MTHI1-Val83Met and exon 2-T/C SNPs among SCLC cases
and controls of each institution (Figure 1). Allele frequencies
for the MTH1-Val83Met SNP had been also reported in two
other populations consisting of healthy Japanese volunteers
(21,24); therefore, the frequencies in those studies were also
compared. Frequencies of the 83Met and exon 2-C alleles
in any SCLC populations were higher than those in any of
the control populations. Allele frequencies for these SNPs
were not significantly different among control populations
and among case populations (P > 0.05 by y>-test). We also
compared the frequencies of genotypes for the two SNPs,
and they were not significantly different among control
populations and among case populations, either (P > 0.05 by
xz—test). Thus, it was indicated that the 83Met and exon 2-C
alleles were associated with the SCLC risk beyond institu-
tional differences.

Both the SNPs of MTHI were found to be in linkage
disequilibrium with each other (D' = 0.97, * = 0.91). Thus,
we further evaluated the haplotype differentiation between
the SCLC cases and the conirols (Table IV). The haplotype
consisting of the two risky alleles (i.e., haplotype #2 con-
sisting of the 83Met and C alleles in Table IV) was
significantly over-represented in the SCLC population
(OR = 1.7, 95% CIL: 1.2-2.4, P = 0.001), and the OR for
haplotype #2 was similar to those for individual 83Met and
C allele, respectively. In addition, by taking into account the
estimation error of haplotype frequency, crude and adjusted
ORs for carrying one copy of haplotype #2 were calculated
on the basis of the estimated number of haplotypes for each
subject by the bootstrap method, and they were 1.8 (95% CI:
1.2-2.5, P = 0.0004) and 2.0 (95% CL: 1.2-3.2, P = 0.002),
respectively.

SNP Genotype No. of controls (%) No. of cases (%) Crude OR (95% CL, P) Adjusted OR*(95% CI, P)
Val83Met Val/Val 558 (82) 154 (73) Reference Reference
Val/Met 117 (17) 53 (25) 1.6 (1.1-2.4, 0.009) 1.7 (1.1-2.7, 0.03)
Met/Met 6 (1) 4(2) 24 (0.7-8.7, 0.2) 6.5 (1.3-32.1, 0.02)
Val/Met + Met/Met 123 (18) 57 27) 1.7 (1.2-2.4, 0.005) 1.8 (1.2-2.9, 0.01)
T/C in exon 2 T/T 560 (82) 154 (73) Reference Reference
T/C 118 (17) 53 (25) 1.6 (1.1-2.4, 0.009) 1.7 (1.1-2.7, 0.03)
c/c 3 (0) 42) 4.8 (1.1-21.9, 0.04) 15.7 (2.5-100.6, 0.004)
T/IC + C/C 121 (17) 57 27) 1.7 (1.2-2.5, 0.004) 1.9 (1.2-3.0, 0.008)
" “Adjusted for gender, age and smoking dosage.
not included in our 50 SNP set, because it was located in a Meis3 allele Exon 2-C allele
non-coding exon. However, the above result prompted us to
genotype this SNP in the same SCLC and control subjects. Case (No.) .1;(,’ 7 20 30 ,'00 19 20 30
Since genotype data for the MTH1-Val83Met SNP were Total (211) L R
obtained from 681 of the 685 controls and all 211 cases, the NCCH (113) Chend ; *
genotypes for the T/C SNP were also determined for the xgg:eﬂ(g;) y B
same 681 controls and the 211 SCLC cases. Significant allele ;
differentiations were also observed in the T/C SNP (OR for C?r';:'a‘l" g:fl") i e RaE
the C allele = 1.7, 95% CI: 12-23, P = 0002). ORs of  yeoya | 154, a2
the heterozygotes, homozygotes for the exon 2-C allele NNGH (141) R e
and carriers of the allele were also significantly increased, KEIO (300) 5 i
when homozygotes for the exon 2-T allele were used as a Yoshimura (287) s
reference, respectively (Table III). Oda (400) P [

Fig. 1. Frequencies of the MTH-83Met and exon 2-C alleles in cases
and controls. Allele frequency is shown with its sampling variations
estimated by 95% CI. Frequencies of the MTH-83Met allele in two
control populations reported by Yoshimura et al. (24) and Oda et al. (21)
are also shown.

We next assessed the effect of smoking on the contribution
of the MTH1-Val83Met and exon 2-T/C SNPs to the SCLC
risk. ORs in light (PY < 50) smokers and heavy (PY > 50)
smokers were compared (Table V). The number of non-
smokers in the case subjects was small (i.e. N < 10);
therefore, they were excluded from the analysis. Increases of
ORs for the 83Met and exon 2-C alleles were more evident in
light smokers than in heavy smokers, and the ORs were
statistically significant in light smokers but not in heavy
smokers., P-values for interaction of the Val83Met and exon
2-T/C genotypes on the SCLC risk with smoking were 0.15
and 0.11, respectively. P-value for interaction of haplotype
#2 on the SCLC risk by smoking was calculated as being
0.095.

Discussion

The MTHI gene was cloned as a human homolog for the
Escherichia coli mutT gene, encoding an enzyme hydrolyzing
8-hydroxy-dGTP, an oxidized dNTP causing A:T to C:G
transversion (20). It has been shown that MTHI1 protein
hydrolyzes not only 8-hydroxy-dGTP but also several other
oxidatively damaged dNTPs, such as 2-hydroxy-dATP,
thereby preventing multiple mutations including A:T to
C:G, G:C to T:A and G:C to A:T mutations (20). Mthl
nullizygous mice are susceptible to tumor development in
lung and other tissues (25). Thus, it has been assumed that
inter-individual differences in MTHI activity are associated
with risks for cancers by causing inter-individual differences
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Table IV. Association of MTHI1 haplotypes and SCLC risk

Haplotype SNP Haplotype frequency OR (95% CD P
Val83Met T/C in exon 2 Control (95% CY) Case (95% CI)

1 Val T 0.90 (0.89-0.92) 0.85 (0.82-0.89) Reference

2 Met C 0.089 (0.073-0.10) 0.14 (0.11-0.18) 1.7 (1.2-2.4) 0.001

3 Met T 0.0067 (0.0023-0.011) 0.0024 (0-0.0070) 0.4 (0.05-3.0) 0.3

4 Val C 0.0030 (0-0.0059) 0.0024 (0-0.0070) 0.9 (0.1-71.7) 0.9

Table V. OR for MTH1 genotypes by smoking dosage and age

SNP Stratification  No of controls (%) No of cases (%) Crude OR Adjusted OR® P for interaction®
Major Minor Major Minor (95% CI, P) 95% CI, P)
homozygote allele carrier homozygote allele carrier
Val83Met py=10 319 (83) 67 (17) 5 (63) 3 (38) 2.8 (0.7-12.2, 0.16) 2.9 (0.7-12.7, 0.16)
0<py<50 178 (82) 38 (18) 59 (69) 26 (31) 2.1(1.2-3.7, 0014 2.3 (1.2-44,0011) 0.15
py = 50 54 (78) 15 (22) 88 (77) 26 (23) 1.1 (0.5-2.2, 0.87) 1.1 (0.5-2.3, 0.85)
T/Cinexon2 py=0 316 (82) 68 (18) 5 (63) 3 (38 2.8 (0.7-12.0, 0.16) 2.8 (0.6-12.3,0.17) 0.11
O<py<50 181 (84) 35 (16) 59 (69) 26 (31) 23 (1.3-4.1, 0.006) 2.6 (1.3-4.9, 0.005)
py = 50 54 (78) 15 (22) 88 (77) 1.1 (0.5-2.2, 0.87) 1.1 (0.5-2.3, 0.85)

26 (23)

“Adjusted for gender and age.

in the capacity to prevent mutations of the cancer-related
genes caused by incorporation of oxidatively damaged
dNTPs during DNA replication (20). In the present study,
SNPs in the MTHI gene were found to be associated with
SCLC risk. To the best of our knowledge, SNPs in the MTH1
gene were found for the first time as being associated with
risks for human cancers by a case—control study. However,
the possibility of false positives (type I statistical errors) must
be considered. We performed 50 separate tests of significance
in the analysis. A consecutive Bonferroni adjustment to yield
an experiment-wide type 1 error rate of 0.05 would demand
a test-wise P-value of 0.001. Therefore, the association of the
MTH1-Val83Met SNP would not be considered significant
on an experiment-wide level after Bonferroni adjustment.
Thus, the association requires confirmation in other popula-
tion samples, although the present study proposed MTHI as a
candidate gene responsible for SCLC susceptibility.

The two MTHI SNPs, Val83Met and exon 2-T/C, exam-
ined in the present study were suggested to cause functional
differences, although their effects on mutation suppression
efficiency against oxidative DNA damages are unknown
(20-22). These two SNPs were in linkage disequilibrium, and
the risky allele of each SNP (i.e. the 83Met and exon 2-C
alleles) was on the same haplotype (haplotype #2) in most of
the Japanese population. Thus, at present, it is unclear
whether both or one of the two SNPs are responsible for the
SCLC susceptibility. It is also possible that other SNPs
consisting of the haplotype are responsible. Further biological
and genetic analyses of the MTHI SNPs will elucidate the
issue.

Interestingly, ORs for carriers of the §3Met and C alleles
were more evidently increased in light smokers than in heavy
smokers. Tobacco smoke is known to cause oxidative
damages on genomic DNA and nucleoside triphosphates
(26). Therefore, individuals carrying the 83Met and C alleles
might be more prone to acquiring gene mutations even by a
low-dose exposure of carcinogens, and therefore, the effects
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of MTH SNPs might have more prominently appeared under
the condition of a low-dose exposure of tobacco smoke. On
the other hand, the effects of the SNPs might be masked
under the condition of a high-dose exposure of tobacco
smoke, since, under such a condition, environmental factors
(ie. carcinogens in tobacco smoke) rather than genetic
factors predominantly determine the risk for SCLC. However,
the interaction of MTHI SNPs with smoking on SCLC risk in
the present study was not statistically significant; therefore,
further case—control studies are necessary to elucidate how
MTHI SNPs contribute to SCLC risk of smokers.

We previously examined the same 50 SNP set for
associations with ung SQC and ADC risk using the same
controls (13). In the study, frequencies of the MTH1-83Met
allele in SQC and ADC cases, respectively, were slightly
higher than that in controls. However, ORs of the carriers of
the allele was not significantly increased (Figure 2). Thus, the
MTH1-Val83Met SNP was thought to be associated with
SCLC risk but not with NSCLC risk. In the previous study,
an SNP, TP53-Arg72Pro, in the p53 gene was associated
with SQC risk, and the association remained significant after
Bonferroni adjustment. Association of the SNP with NSCLC
and overall lung cancer risks have been observed in several
other case—control studies (28-31). The association was also
supported by a report that TP53-72Pro protein has a weaker
activity than TP53-72Arg protein in inducing apoptosis of
human cells suffering from DNA damages (32). Interestingly,
the TP53-72Pro allele was marginally significantly over-
represented in SCLC cases in the present study. ORs of the
homozygotes for the carriers of the TP53-72Pro allele were
increased in SCLC cases, although the increase was not
statistically significant (Figure 2). Thus, it is possible that
the TP53-72Pro allele confers increased susceptibility both
to SCLC and NSCLC. In the present study, marginally
significant associations with SCLC risk were observed for
two other SNPs, BLM-Thr298Met and SNMI1-His317Asp.
However, such associations were not detected in ADC and
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Fig. 2. ORs of the MTH-83Met allele carriers against homozygotes for the
MTH-83Val allele and those of homozygotes for the TP53-72Pro allele
against others. ORs adjusted for gender, age and smoking dosage are shown.
ORs in SQC and ADC cases are from our previous report (13).

SQC (Table I). SNPs that showed association with SQC or
ADC risk, such as LIG4-Ile658Val, POLI-Thr706Ala and
REV1-Phe257Ser, were not associated with SCLC risk in
this study. Thus, genes involved in the susceptibility might
be overlapped but different between SCLC and NSCLC.

In the present and previous studies (13), we examined the
- associations of 50 SNPs in 36 DNA repair genes with SCLC
and NSCLC risks. The studies led us to identify several
DNA repair genes commonly or specifically involved in the
susceptibility to SCLC and NSCLC. The results supported
the idea that inherited variations in DNA repair genes are
involved in susceptibility to lung cancer of each individual.
Further examination of SNPs in DNA repair genes in the
present and also in other sets of subjects will help us under-
stand genetic factors responsible for the susceptibility to lung
cancer. In addition, studies up to the present suggested that
polymorphisms of genes involved in metabolism of carcino-
gens in cigarette smoke, such as CYPIAI, CYP2A6 and
GSTM1, are also responsible for the susceptibility to lung
cancer (4-7). It is possible that such polymorphisms modify
the effect of SNPs in DNA repair genes on risk for lung
cancer. Therefore, combined effects of polymorphisms in
DNA repair genes and metabolic genes on risks for SCLC
and NSCLC should be also further investigated.
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ORIGINAL ARTICLE

Docetaxel Consolidation Therapy Following Cisplatin,
Vinorelbine, and Concurrent Thoracic Radiotherapy in
Patients with Unresectable Stage Il Non-small
Cell Lung Cancer

’
Tkuo Sekine,* Hiroshi Nokihara,* Minako Sumi,} Nagahiro Saijo,}
Yutaka Nishiwaki,§ Satoshi Ishikura,|| Kiyoshi Mori,§ Iwao Tsukiyama,#
and Tomohide Tamura*

Background: To evaluate the feasibility and efficacy of docetaxel
consolidation therapy after concurrent chemoradiotherapy for unre-
sectable stage III non-small cell lung cancer (NSCLC).

Patients and Methods: The eligibility criteria included unresect-
able stage IIl NSCLC, no previous treatment, age between 20 and 74
years, and performance status 0 or 1. Treatment consisted of cispla-
tin (80 mg/m* on days 1, 29, and 57), vinorelbine (20 mg/m? on days
1, 8,29, 36, 57, and 64), and thoracic radiotherapy (TRT) (60 Gy/30
fractions over 6 weeks starting on day 2), followed by consolidation
docetaxel (60 mg/m? every 3 to 4 weeks for three cycles).
Results: Of 97 patients who were enrolled in this study between
2001 and 2003, 93 (76 males and 17 females with a median age of
60) could be evaluated. Chemoradiotherapy was well tolerated; three
cycles of chemotherapy and 60 Gy of TRT were administered in 80
(86%) and 87 (94%) patients, respectively. Grade 3 or 4 neutropenia,
esophagitis, and pneumonitis developed in 62, 11, and 3 patients,
respectively. Docetaxel consolidation was administered in 59 (63%)
patients, but three cycles were completed in only 34 (37%) patients.
The most common reason for discontinuation was pneumonitis,
which developed in 14 (24%) of the 59 patients. During consolida-
tion therapy, grade 3 or 4 neutropenia, esophagitis, and pneumonitis
developed in 51, 2, and 4 patients, respectively. A total of four
patients died of pneumonitis. We calculated a V,, (the percent
volume of the normal lung receiving 20 Gy or more) on a dose—
volume histogram in 25 patients. Of these, five patients developed
grade 3 or more severe radiation pneumonitis. A median V,, for
these five patients was 35% (range, 26—-40%), whereas the median
V., for the remaining 20 patients was 30% (range, 17-35%) (p =
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0.035 by a Mann—Whitney test). The response rate was 81.7% (95%
confidence interval [CI], 72.7-88.0%), with 5 complete and 71
partial responses. The median progression-free survival was 12.8
(CI, 10.2-15.4) months, and median survival was 30.4 (CI, 24.5-
36.3) months. The 1-, 2-, and 3-year survival rates were 80.7, 60.2,
and 42.6%, respectively.

Conclusion: This regimen produced promising overall survival in
patients with stage Il NSCLC, but the vast majority of patients could
not continue with the docetaxel consolidation because of toxicity.

Key Words: Non-small cell lung cancer, Chemoradiotherapy, Con-
solidation, Docetaxel.

(J Thorac Oncol. 2006;1: 810-815)

ocally advanced unresectable non—small cell lung cancer

(NSCLC), stage IIIA with bulky N2 and stage IIIB disease
without pleural effusion, is characterized by large primary
lesions and/or involvement of the mediastinal or supraclavic-
ular lymph nodes and occult systemic micrometastases. A
combination of thoracic radiotherapy and chemotherapy is
the standard medical treatment for this disease, but the opti-
mal combination has not been established.! Although the
available data are insufficient to accurately define the size of
a potential benefit,> concurrent chemoradiotherapy using a
platinum doublet has been shown to be superior to the sequential
approach in phase III trials of this disease.>5 However, third-
generation cytotoxic agents, which have provided better patient
survival with extrathoracic spread than the old-generation
agents, must be reduced when administered concurrently with
thoracic radiotherapy.S Thus, it has been hypothesized that the
addition of systemic dose chemotherapy with a new cytotoxic
agent to concurrent chemoradiotherapy, either as induction or
as consolidation chemotherapy, might further improve patient
survival.!

The consolidation chemotherapy with docetaxel was
based on the observation that this drug was highly active in
the primary treatment of metastatic NSCLC, producing a
response rate (RR) as high as 20% after platinum-based
chemotherapy failed.”® Highly encouraging results of a me-
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dian survival time (MST) of more than 2 years and a 3-year
survival rate of nearly 40% were obtained in a phase II trial
of docetaxel consolidation after chemoradiotherapy with cis-
platin and etoposide in patients with stage IIIB NSCLC
(SWOG study S9504).10

We have developed a combination chemotherapy sched-
ule with cisplatin and vinorelbine concurrently administered
with thoracic radiotherapy at a total dose of 60 Gy in 30 fractions
in patients with unresectable stage IIIl NSCLC. The results of a
phase I study in 18 patients were very promising, with a RR of
83%, a MST of 30 months, and a 3-year survival rate of 50%.5
Thus, addition of docetaxel i,consolidation to this regimen is a
particularly interesting therapeutic strategy. The objectives of
the current study were to evaluate the feasibility of docetaxel
consolidation therapy after concurrent chemoradiotherapy with
cisplatin and vinorelbine and to evaluate the efficacy and safety
of the whole treatment regimen including both the chemoradio-
therapy and consolidation therapy in patients with unresectable
stage IIIA and IIIB NSCLC.

PATIENTS AND METHODS

Patient Selection

The eligibility criteria were histologically or cytologi-
cally proven NSCLC; unresectable stage IIIA or IIIB disease;
no previous treatment; measurable disease; turnor within an
estimated irradiation field no larger than half the hemithorax;
age between 20 and 74 years; Eastern Cooperative Oncology
Group performance status (PS) of 0 or 1; adequate bone
marrow function (12.0 X 10%/liter = white blood cell [WBC]
count =4.0 X 10°/liter, neutrophil count =2.0 X 10”/liter,
hemoglobin =10.0 g/dl, and platelet count =100 X 10/liter),
liver function (total bilirubin =1.5 mg/dl and transaminase no
more than twice the upper limit of the normal value), and
renal function (serum creatinine =1.5 mg/dl and creatinine
clearance =60 ml per minute); and a PaO, of 70 torr or more
under room air conditions. Patients were excluded if they had
malignant pleural or pericardial effusion, active double can-
cer, a concomitant serious illness such as uncontrolled angina
pectoris, myocardial infarction in the previous 3 months,
heart failure, uncontrolled diabetes mellitus, uncontrolled
hypertension, interstitial pneumonia or lung fibrosis identified
by a chest x-ray, chronic obstructive lung disease, infection or
other diseases contraindicating chemotherapy or radiother-
apy, pregnancy, or if they were breast feeding. All patients
gave their written informed consent.

Pretreatment Evaluation

The pretreatment assessment included a complete blood
cell count and differential count, routine chemistry determi-
nations, creatinine clearance, blood gas analysis, electrocar-
diogram, lung function testing, chest x-rays, chest computed
tomographic (CT) scan, brain CT scan or magnetic resonance
imaging, abdominal CT scan or ultrasonography, and radio-
nuclide bone scan.

Treatment Schedule

Treatment consisted of a chemoradiotherapy phase with
three cycles of cisplatin and vinorelbine followed by a con-
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FIGURE 1. Treatment schema. CDDP, cisplatin; DTX, do-
cetaxel; TRT, thoracic radiotherapy; VNR, vinorelbine.

solidation phase with three cycles of docetaxel (Figure 1).
Cisplatin 80 mg/m* was administered on days 1, 29, and 57
by intravenous infusion for 60 minutes with 2500 to 3000 ml
of fluid for hydration. Vinorelbine diluted in 50 m! of normal
saline was administered intravenously on days 1, 8, 29, 36,
57, and 64. All patients received prophylactic antiemetic
therapy consisting of a SHT;-antagonist and a steroid.

Radiation therapy was delivered with megavoltage
equipment (=6 MV) using anterior/posterior opposed fields
up to 40 Gy in 20 fractions including the primary tumor, the
metastatic lymph nodes, and the regional nodes. A booster
dose of 20 Gy in 10 fractions was given to the primary tumor
and the metastatic lymph nodes for a total dose of 60 Gy
using bilateral oblique fields. A CT scan-based treatment
planning was used in all patients. The clinical target volume
(CTV) for the primary tumor was defined as the gross tumor
volume (GTV) plus 1 cm taking account of subclinical
extension. CTV and GTV for the metastatic nodes (>>1 cm in
shortest dimension) were the same. Regional nodes, exclud-
ing the contralateral hilar and supraclavicular nodes, were
included in the CTV, but the lower mediastinal nodes were
included only if the primary tumor was located in the lower
lobe of the lung. The planning target volumes for the primary
tumor, the metastatic lymph nodes, and regional nodes were
determined as CTVs plus 0.5- to 1.0-cm margins laterally and
1.0- to 2.0-cm margins craniocaudally, taking account of
setup variations and internal organ motion. Lung heteroge-
neity corrections were not used.

The criteria for starting consolidation chemotherapy
were completion of three cycles of cisplatin and vinorelbine
and a full dose of thoracic radiotherapy, the absence of progres-
sive disease, adequate general condition within 6 weeks of the
start of the third cycle of cisplatin and vinorelbine (PS 0 or 1,
WBC count =3.0 X 10%/liter, neutrophil count =1.5 X 10°/liter,
hemoglobin =9.0 g/dl and platelet count =100 X 10%/liter, total
bilirubin =<1.5 mg/dl and transaminase no more than twice the
upper limit of the normal value, and a PaO, of 70 torr or more
at room air). Docetaxel (60 mg/m®) was administered intrave-
nously for 1 hour every 3 to 4 weeks for three cycles.

Toxicity Assessment and Treatment
Modification

Complete blood cell counts and differential counts,
routine chemistry determinations, and a chest x-ray were
performed once a week during the course of treatment. Acute
toxicity was graded according to the NCI Common Toxicity
Criteria, and late toxicity associated with thoracic radiother-
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