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Table 2 Response rate

Response N=20 % (95% CI)
Partial response 14 70
Stable disease 4 20
Progressive disease 1 5
Inevaluable 1 5
Overall response rate 14 70 % (45.7-88.1)
Disease control rate 18 90 % (68.3-98.7)
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Quality-of-life assessment

All 20 patients completed the FACT-LCS questionnaire
at registration and after 4, 8, and 12 weeks of treatment.
The adjusted mean FACT-LCS score was 22.8 + 1.0 at
baseline and 25.1 &£ 0.7 at 4 weeks. The score improved

@ Springer
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Weeks since initiation of gefitinib

Fig. 3 FACT-LCS scores before treatment and at 4, 8, and 12 weeks
after initiation of gefitinib. Abbreviation FACT-LCS Functional
Assessment of Cancer Therapy-Lung Cancer Subscale

significantly at 4 weeks (P = 0.037) and maintained favora-
bly during the 12-week assessment period (Fig. 3). FACT-
LCS consisted of seven items: shortness of breath, cough,
chest tightness, ease of breathing, changes in appetite,
body weight loss, and disruptions to clear thinking. Among
those seven items, shortness of breath and cough improved
significantly after 4 weeks of treatment (P = 0.046 and
P = 0.008, respectively).

Toxicity

Toxicity data for all 20 patients are listed in Table 3. Non-
hematologic toxicity was the principal toxicity from gefi-
tinib treatment and mainly consisted of liver dysfunction,
skin rash, anorexia, diarrhea, and fatigue. Grade 3 or Grade
4 liver dysfunction occurred in 3 patients (15 %) but no
other Grade 3 or Grade 4 toxicity was occurred. One case of
Grade 1 pneumonitis developed in an 87-year-old woman.
She had no specific symptoms; however, routine chest
X-ray on day 14 showed an increase in density in the bilat-
eral lower lung fields. Since subsequent chest computed
tomography revealed bilateral diffuse interstitial opacities
and the bronchoalveolar lavage findings were consistent

Table 3 Adverse events (N = 20)

Grade 1 Grade2 Grade3 Grade4 Grades3—4
AST/ALT 8 4 2 1 3
Rash 8 10 0 0 0
Anorexia 8 2 0 0 0
Diarrhea 6 2 0 0 0
Fatigue 6 2 0 0 0
Mucositis 1 3 0 0 0
Nausea 3 0 0 0 0
Pneumonitis 1 0 0 0 0

AST aspartate aminotransferase, ALT alanine aminotransferase
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with pneumonitis, gefitinib was discontinued and the treat-
ment with oral prednisolone (0.5 mg/kg/day) was started.
Although the pneumonitis was stable, pulmonary and brain
metastases gradually progressed and she died of progres-
sion of lung cancer 6 months after the occurrence of this
adverse event. No treatment-related death was observed.

Discussion

The present study evaluated the efficacy and feasibility of
first-line gefitinib treatment for elderly patients harboring
EGFR mutation, achieving the response rate of 70 % and
disease control rate of 90 %. After we started this phase II
study, three groups reported comparable results of response
rates from 45.5 to 74 %, and progression-free survival of
9.7-12.9 months for similar populations [17-19]. Effi-
cacy of the present study is also comparable to the results
obtained from non-elderly phase III studies. Two prospec-
tive studies (WJTOG3405 and NEJ002) and subset analysis
of EGFR-mutated patients in the IPASS showed response
rates of 62.1-73.7 % and progression-free survival of 9.2—
10.8 months [11-13, 20]. From these data, gefitinib treat-
ment for elderly EGFR-mutated patients appears to be as
effective as that for the younger population. A randomized
trial of EGFR-TKI focusing on efficacy is needed to further
improve survival of elderly patients.

We also revealed that disease-related symptoms
improved significantly with gefitinib therapy. FACT-LCS
score improved more than two points, which is considered
a clinically meaningful change [21]. Although superior
QOL results were reported with gefitinib versus chemo-
therapy in the IPASS and NEJ0O02 studies, the QOL ben-
efit for the elderly population has not been reported [22,
23]. Among the seven items of FACT-LCS, shortness of
breath and cough improved significantly. This finding is in
accordance with two previous QOL analyses during gefi-
tinib treatment. Cella et al. [24] found that more patients
showed an improvement in the pulmonary items of FACT-
LCS, such as shortness of breath, cough, or chest tightness
than in the non-pulmonary items in the IDEAL2 study,
which evaluated two doses of gefitinib for the mutation-
unselected population. Oizumi et al. [23] reported that
more patients showed an improvement in pain and short-
ness of breath in the gefitinib arm in the NEJOO2 study.
With regard to the speed of symptom improvement, our
data demonstrated significant improvement at the first fol-
low-up, namely at 4 weeks of treatment. A former analysis
reported that the median time to symptom improvement
was as immediate as 10 days with gefitinib [24]. In light of
its rapid effect, gefitinib could be a good treatment option
for patients suffering from pulmonary symptoms like
cough or dyspnea.
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Toxicity in the present study was generally mild and
well tolerated. Grade 3 or Grade 4 adverse events were
only in three cases of liver dysfunction. No unpredicted
toxicity or treatment-related death was observed. On the
other hand, a subgroup analysis of a phase III study of
erlotinib treatment indicated that elderly patients expe-
rienced significantly more toxicity and tended to discon-
tinue treatment more than their younger counterparts [25].
This difference may be partly explained by the difference
in EGFR-TKIs. Gefitinib 250 mg is about one-third of
the maximum tolerated dose, and erlotinib 150 mg is just
the maximum tolerated dose [26, 27]. Accordingly, gefi-
tinib may have some safety margin, especially for the frail
population. In the present study, the oldest patient, aged
90 years, was able to continue gefitinib therapy for about
7 months with side effects no more severe than Grade 2
mucositis and Grade 2 rash.

Pneumonitis is one of the most serious adverse events
related to EGFR-TKI therapy. In our previous study eval-
vating gefitinib in mutation-unselected elderly NSCLC
patients, three out of 30 patients (10 %) had pneumonitis,
two of them with a Grade >3 [28]. In the present study,
Grade 1 pneumonitis developed in one patient (5 %). Since
risk factors of pneumonitis include smoking, preexisting
interstitial lung disease, and older age, careful monitoring
is desirable for elderly patients [29, 30].

In conclusion, the present study revealed that first-line
therapy with gefitinib is effective and feasible for elderly
patients harboring EGFR mutation, and improves disease-
related symptoms.

Conflict of interest Kosuke Takahashi, Hiroshi Saito, Yoshinori
Hasegawa, Yasuteru Sugino, and Joe Shindoh received honoraria from
AstraZeneca. Yoshinori Hasegawa received research funding for his
institute from AstraZeneca.

References

1. Quoix E, Westeel V, Zalcman G, Milleron B (2011) Chemother-
apy in elderly patients with advanced non-small cell lung cancer.
Lung Cancer 74:364-368

. Howlader N, Noone AM, Krapcho M, Garshell J, Neyman N,

Altekruse SF, Kosary CL, Yu M, Ruhl J, Tatalovich Z, Cho H,

Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA (eds)

(2013) SEER cancer statistics review, 1975-2010. National Can-

cer Institute. http://seer.cancer.gov/cst/1975_2010/, based on

November 2012 SEER data submission, posted to the SEER web

site, April 2013

Pallis AG, Karampeazis A, Vamvakas L, Vardakis N, Kotsa-

kis A, Bozionelou V, Kalykaki A, Hatzidaki D, Mavroudis D,

Georgoulias V (2011) Efficacy and treatment tolerance in older

patients with NSCLC: a meta-analysis of five phase IIT rand-

omized trials conducted by the Hellenic Oncology Research

Group. Ann Oncol 22:2448-2455

The Elderly Lung Cancer Vinorelbine Italian Study Group (1999)

Effects of vinorelbine on quality of life and survival of elderly

@ Springer



726

Cancer Chemother Pharmacol (2014) 74:721-727

10.

11.

12.

13.

14.

patients with advanced non-small-cell lung cancer. J Natl Cancer
Inst 91:66-72

. Kudoh S, Takeda K, Nakagawa K, Takada M, Katakami N, Mat-

sui K, Shinkai T, Sawa T, Goto I, Semba H, Seto T, Ando M,
Satoh T, Yoshimura N, Negoro S, Fukuoka M (2006) Phase III
study of docetaxel compared with vinorelbine in elderly patients
with advanced non-small-cell lung cancer: results of the West
Japan Thoracic Oncology Group Trial (WJITOG 9904). J Clin
Oncol 24:3657-3663

. Gridelli C, Perrone F, Gallo C, Cigolari S, Rossi A, Piantedosi

F, Barbera S, Ferrau F, Piazza E, Rosetti F, Clerici M, Bertetto
O, Robbiati SF, Frontini L, Sacco C, Castiglione F, Favaretto A,
Novello S, Migliorino MR, Gasparini G, Galetta D, Iaffaioli RV,
Gebbia V, MILES Investigators (2003) Chemotherapy for elderly
patients with advanced non-small-cell lung cancer: the Multi-
center Italian Lung Cancer in the Elderly Study (MILES) phase
IIT randomized trial. J Natl Cancer Inst 95:362-372

. Quoix E, Zalcman G, Oster JP, Westeel V, Pichon E, Lavolé A,

Dauba J, Debieuvre D, Souquet PJ, Bigay-Game L, Dansin E,
Poudenx M, Molinier O, Vaylet F, Moro-Sibilot D, Herman D,
Bennouna J, Tredaniel J, Ducoloné A, Lebitasy MP, Baudrin L,
Laporte S, Milleron B, Intergroupe Francophone de Cancérolo-
gie Thoracique (2011) Carboplatin and weekly paclitaxel doublet
chemotherapy compared with monotherapy in elderly patients
with advanced non-small-cell lung cancer: IFCT-0501 ran-
domised, phase 3 trial. Lancet 378:1079-1088

. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto

RA, Brannigan BW, Harris PL, Haserlat SM, Supko JG, Haluska
FG, Louis DN, Christiani DC, Settleman J, Haber DA (2004)
Activating mutations in the epidermal growth factor receptor
underlying responsiveness of non-small-cell lung cancer to gefi-
tinib. N Engl J Med 350:2129-2139

. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, Her-

man P, Kaye FJ, Lindeman N, Boggon TJ, Naoki K, Sasaki H,
Fujii Y, Eck MJ, Sellers WR, Johnson BE, Meyerson M (2004)
EGFR mutations in lung cancer: correlation with clinical
response to gefitinib therapy. Science 304:1497-1500

Morita S, Okamoto I, Kobayashi K, Yamazaki K, Asahina H,
Inoue A, Hagiwara K, Sunaga N, Yanagitani N, Hida T, Yoshida
K, Hirashima T, Yasumoto K, Sugio K, Mitsudomi T, Fukuoka
M, Nukiwa T (2009) Combined survival analysis of prospec-
tive clinical trials of gefitinib for non-small cell lung cancer with
EGFR mutations. Clin Cancer Res 15:4493-4498

Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
Sunpaweravong P, Han B, Margono B, Ichinose Y, Nishiwaki Y,
Ohe Y, Yang JJ, Chewaskulyong B, Jiang H, Duffield EL, Wat-
kins CL, Armour AA, Fukuoka M (2009) Gefitinib or carbopl-
atin—paclitaxel in pulmonary adenocarcinoma. N Engl J Med
361:947-957

Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi
S, Isobe H, Gemma A, Harada M, Yoshizawa H, Kinoshita I,
Fujita Y, Okinaga S, Hirano H, Yoshimori K, Harada T, Ogura T,
Ando M, Miyazawa H, Tanaka T, Saijo Y, Hagiwara K, Morita
S, Nukiwa T, North-East Japan Study Group (2010) Gefitinib
or chemotherapy for non-small-cell lung cancer with mutated
EGFR. N Engl J Med 362:2380-2388

Mitsudomi T, Morita S, Yatabe Y, Negoro S, Okamoto I, Tsurutani
J, Seto T, Satouchi M, Tada H, Hirashima T, Asami K, Katakami
N, Takada M, Yoshioka H, Shibata K, Kudoh S, Shimizu E, Saito
H, Toyooka S, Nakagawa K, Fukuoka M, West Japan Oncology
Group (2010) Gefitinib versus cisplatin plus docetaxel in patients
with non-small-cell lung cancer harbouring mutations of the epi-
dermal growth factor receptor (WJTOG3405): an open label, ran-
domised phase 3 trial. Lancet Oncol 11:121-128

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT,

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Christian MC, Gwyther SG (2000) New guidelines to evaluate
the response to treatment in solid tumors. European Organization
for Research and Treatment of Cancer, National Cancer Institute
of the United States, National Cancer Institute of Canada. J Natl
Cancer Inst 92:205-216

Simon R (1989) Optimal two-stage designs for phase II clinical
trials. Control Clin Trials 10:1-10

Kaplan EL, Meier P (1958) Nonparametric estimation from
incomplete observations. J Am Stat Assoc 53:457-481
Maemondo M, Minegishi Y, Inoue A, Kobayashi K, Harada M,
Okinaga S, Morikawa N, Oizumi S, Tanaka T, Isobe H, Kudoh S,
Hagiwara K, Nukiwa T, Gemma A (2012) First-line gefitinib in
patients aged 75 or older with advanced non-small cell lung can-
cer harboring epidermal growth factor receptor mutations: NEJ
003 study. J Thorac Oncol 7:1417-1422

Fujita S, Katakami N, Masago K, Yoshioka H, Tomii K, Kaneda
T, Hirabayashi M, Kunimasa K, Morizane T, Mio T (2012) Cus-
tomized chemotherapy based on epidermal growth factor receptor
mutation status for elderly patients with advanced non-small-cell
lung cancer: a phase II trial. BMC Cancer 12:185

Asami K, Koizumi T, Hirai K, Ameshima S, Tsukadaira A,
Morozumi N, Morikawa A, Atagi S, Kawahara M (2011) Gefi-
tinib as first-line treatment in elderly epidermal growth factor
receptor-mutated patients with advanced lung adenocarcinoma:
results of a Nagano Lung Cancer Research Group study. Clin
Lung Cancer 12:387-392

Fukuoka M, Wu YL, Thongprasert S, Sunpaweravong P, Leong
SS, Sriuranpong V, Chao TY, Nakagawa K, Chu DT, Saijo N,
Duffield EL, Rukazenkov Y, Speake G, Jiang H, Armour AA,
To KF, Yang JC, Mok TS (2011) Biomarker analyses and final
overall survival results from a phase III, randomized, open-label,
first-line study of gefitinib versus carboplatin/paclitaxel in clini-
cally selected patients with advanced non-small-cell lung cancer
in Asia (IPASS). J Clin Oncol 29:2866-2874

Cella D, Eton DT, Fairclough DL, Bonomi P, Heyes AE, Sil-
berman C, Wolf MK, Johnson DH (2002) What is a clinically
meaningful change on the Functional Assessment of Cancer
Therapy-Lung (FACT-L) Questionnaire? Results from Eastern
Cooperative Oncology Group (ECOG) Study 5592. J Clin Epide-
miol 55:285-295

Thongprasert S, Duffield E, Saijo N, Wu YL, Yang JC, Chu
DT, Liao M, Chen YM, Kuo HP, Negoro S, Lam KC, Armour
A, Magill P, Fukuoka M (2011) Health-related quality-of-life
in a randomized phase III first-line study of gefitinib versus
carboplatin/paclitaxel in clinically selected patients from Asia
with advanced NSCLC (IPASS). J Thorac Oncol 6:1872-1880
Oizumi S, Kobayashi K, Inoue A, Maemondo M, Sugawara S,
Yoshizawa H, Isobe H, Harada M, Kinoshita I, Okinaga S, Kato
T, Harada T, Gemma A, Saijo Y, Yokomizo Y, Morita S, Hagi-
wara K, Nukiwa T (2012) Quality of life with gefitinib in patients
with EGFR-mutated non-small cell lung cancer: quality of life
analysis of North East Japan Study Group 002 Trial. Oncologist
17:863-870

Cella D, Herbst RS, Lynch TJ, Prager D, Belani CP, Schil-
ler JH, Heyes A, Ochs JS, Wolf MK, Kay AC, Kris MG, Natale
RB (2005) Clinically meaningful improvement in symptoms
and quality of life for patients with non-small-cell lung cancer
receiving gefitinib in a randomized controlled trial. J Clin Oncol
23:2946-2954

Wheatley-Price P, Ding K, Seymour L, Clark GM, Shepherd FA
(2008) Erlotinib for advanced non-small-cell lung cancer in the
elderly: an analysis of the National Cancer Institute of Canada
Clinical Trials Group Study BR.21. J Clin Oncol 26:2350-2357
Ranson M, Hammond LA, Ferry D, Kris M, Tullo A, Murray PI,
Miller V, Averbuch S, Ochs J, Morris C, Feyereislova A, Swais-
land H, Rowinsky EK (2002) ZD1839, a selective oral epidermal



Cancer Chemother Pharmacol (2014) 74:721-727

727

27.

- 28,

growth factor receptor-tyrosine kinase inhibitor, is well tolerated
and active in patients with solid, malignant tumors: results of a
phase I trial. J Clin Oncol 20:2240-2250

Hidalgo M, Siu LL, Nemunaitis J, Rizzo J, Hammond LA, Taki-
moto C, Eckhardt SG, Tolcher A, Britten CD, Denis L, Ferrante
K, Von Hoff DD, Silberman S, Rowinsky EK (2001) Phase I and
pharmacologic study of OSI-774, an epidermal growth factor
receptor tyrosine kinase inhibitor, in patients with advanced solid
malignancies. J Clin Oncol 19:3267-3279

Takahashi K, Saito H, Hasegawa Y, Ogasawara T, Taniguchi
H, Suzuki R, Yamamoto M, Shindoh J, Yatabe Y, Shimokata K
(2009) A phase II study of gefitinib monotherapy as first-line
treatment for elderly patients with stage IIIB/IV adenocarcinoma
of the lung. Eur J Cancer Suppl 7:547

294

29,

30.

Ando M, Okamoto I, Yamamoto N, Takeda K, Tamura K, Seto
T, Ariyoshi Y, Fukuoka M (2006) Predictive factors for intersti-
tial lung disease, antitumor response, and survival in non-small-
cell lung cancer patients treated with gefitinib. J Clin Oncol
24:2549-2556

Kudoh S, Kato H, Nishiwaki Y, Fukuoka M, Nakata K, Ichinose
Y, Tsuboi M, Yokota S, Nakagawa K, Suga M, Japan Thoracic
Radiology Group, Jiang H, Itoh Y, Armour A, Watkins C, Higen-
bottam T, Nyberg F (2008) Interstitial lung disease in Japanese
patients with lung cancer: a cohort and nested case-control study.
Am J Respir Crit Care Med 177:1348-1357

@ Springer



Lung Cancer 83 (2014) 8-13

SN

ELSEVIER

journal homepage:'www.elsevier‘.c‘om/locatellungcan

Contents lists available at ScienceDirect -

Lung Cancer

Human papilloma virus in non-small cell lung cancer in never
smokers: A systematic review of the literature

Yoshikazu Hasegawa®*, Masahiko Ando?, Akihito Kubo¢, Shun-ichi Isa4,
Satomi Yamamotod, Kazuyuki Tsujino€, Takayasu Kurataf, Sai-Hong I. Ous,
Minoru Takada®, Tomoya Kawaguchid

2 Department of Medical Oncology, Izumi Municipal Hospital, Osaka, Japan

b Center for Advanced Medicine and Clinical Research, Nagoya University Hospital, Nagoya, Aichi, Japan

< Division of Respiratory Medicine and Allergology, Department of Internal Medicine, Aichi Medical University School of Medicine, Aichi, Japan
d Department of Internal Medicine, National Hospital Organization Kinki-chuo Chest Medical Center, Sakai, Osaka, Japan

¢ Department of Respiratory Medicine, Kinki Central Hospital, Itami, Hyogo, Japan

f Department of Medical Oncology, Kinki University School of Medicine, Osakasayama, Osaka, Japan

€ Chao Family Comprehensive Cancer Center, University of California Irvine Medical Center, Orange, CA, United States

h Department of Internal Medicine, Koyo Hospital, Wakayama, Japan

ARTICLE INFO

Article history:

Received 4 April 2013
Received in revised form
24 September 2013
Accepted 2 October 2013

Keywords:

Non-small cell lung cancer
Human papillomavirus
Systematic review

Never smoker
Epidemiology

Polymerase chain reaction
Geographic differences

ABSTRACT

Non-small cell lung cancer (NSCLC) in never smokers has emerged as a global public health issue. The
cause is still unclear, and few studies have focused on the prevalence of human papillomavirus (HPV) in
the never smokers. We performed a systematic search of PubMed for articles of HPV infection in human
subjects with NSCLC up to September 2012. Although smoking status was not fully reported in all studies,
we contacted the authors by e-mail to supplement this information. Differences in the distribution of
patients with and without HPV infection were tested with the Chi squared test. We identified 46 eligible
articles, including 23 from Asian countries (N = 2337 NSCLC cases), 19 from European countries (N=1553)
and 4 from North and South America (N=160). The HPV prevalence was 28.1% (95% confidence interval
(CI) 26.6-30.3%), 8.4% (95% C1 7.1-9.9%) and 21.3% (95% CI 15.2-28.4%), respectively. Eleven studies from
East Asia (N=1110) and 4 from Europe (N =569) provided information on smoking status. The number of
never smoker was 392 patients (33.9%) in East Asia and 54 patients (14.8%) in Europe. The HPV prevalence
in East Asian countries was similar between never and ever smokers (33.9% vs 39.2%, P=0.080). Based
on the literature confirming the presence of HPV in lung cancer in never smokers, the virus plays a role
in carcinogenesis in the disease. There were different patterns of HPV prevalence between Asian and
European countries in the never smokers as well as in ever smokers.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

cancer of the liver or of the esophagus [3]. NSCLC in never smok-
ers has emerged as a global public health concern. Identification

Lung cancer is one of the leading causes of cancer-related deaths
worldwide. Although tobacco smoking is responsible for about 90%
of lung cancer cases, the epidemiology of lung cancers remains par-
tially unresolved since the vast majority of tobacco users do not
develop such tumors. In fact, there were about 30% never smokers
inJapanin alarge cohort study including more than 20,000 patients
with non-small cell lung cancer (NSCLC) [ 1]. In the global estimates,
never smoker lung cancer mortality would rank as the seventh most
common fatal cancer [2], and it is as common a cause of death as

* Corresponding author at: Department of Medical Oncology, Izumi Municipal
Hospital, 4-10-10 Fuchuu-cho, Izumi, Osaka 594-0041, Japan. Tel.: +81 72 541 1331;
fax: +81 72 543 3350.

E-mail address: yoshikazuhasegawa@hotmail.co.jp (Y. Hasegawa).

0169-5002/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.lungcan.2013.10.002

of the molecular mechanism for this disease is urgently needed to
improve therapeutic strategies. In addition to tobacco smoking, a
number of etiological factors have been proposed and the infec-
tion with oncogenic type of human papillomavirus (HPV) has been
considered as one of those [4].

It is well known that certain HPV types cause essentially all
human cervical cancer. Several studies have examined the possible
involvement of HPV in non-genital cancers and have proposed the
presence of HPV in esophageal, laryngeal, oropharyngeal, urothe-
lial, breast, colon and lung cancers during the last two decades [5].
Since the virus can infect oral mucosa and subsequently larynx and
bronchial tissue, this may be the main source of HPV detected in the
lung [6]. Actually, Carpagnano demonstrated the presence of HPVin
the exhaled breath condensate of lung cancer patients [7]. A meta-
analysis showed that the prevalence of HPV in lung cancer is highly
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variable around the world and the higher frequencies are found
in East Asian countries when compared with European countries
[8]. The association between HPV infection and lung cancer was
suggested to be geographical and race dependent.

Although HPV infection to NSCLC has been widely investigated
in Asia, few studies have focused on prevalence of HPV in NSCLC in
never smokers. We conducted and report here a systematic review
on the issue above.

2. Materials and methods
2.1. Literature search and data extraction

We performed a systematic search of MEDLINE database using
PubMed for articles of HPV infection in human subjects with
NSCLC up to September 2012. Systematic search was performed
using the keywords, “lung or bronchogenic”, “cancer or carcinoma
or neoplasm” and “HPV or human papillomavirus.” All searches
were limited to human studies and the English language. We
included studies that used the lung tissue of patients diagnosed by
histopathology to have primary NSCLC and excluded studies that
used blood samples. The polymerase chain reaction (PCR) as the
primary HPV detection method was included in our analysis. There-
fore, studies were excluded because the primary method was in situ
hybridization, immunohistochemistry, Southern blot, and Hybrid
Capture II.

All studies were retrieved independently by two investigators
(Y.H.and S.Y.) to assess the reliability of data extraction. After selec-
tion of potential studies, the investigators reviewed each other’s
selected studies and excluded inappropriate studies with the agree-
ment of both. Disagreements were adjudicated by a third reviewer
after referring to the original articles.

If the smoking status was not reported in a study, we contacted
the authors by e-mail to supplement this information.

2.2. Statistical analysis

Differences in the distribution of patients with and without HPV
infection were tested with the Chi squared test. The I2 statistics was
used to assess heterogeneity across studies, and I? <25, 25 < I2 <50,
and 50 <I? was interpreted as signifying low-level, intermediate-
level, and high-level heterogeneity, respectively [9].

A P-value <0.05 was considered statistically significant, and
all reported P-values were two-sided. The Eggers’ test and Begg’s
funnel plots were calculated using Comprehensive Meta-Analysis
version 2 (Biostat Inc., Englewood, NJ). All other statistical analy-
ses were performed with SPSS 16.0 for Windows software (SPSS,
Chicago, IL).

3. Results
3.1. HPV prevalence

We identified 46 eligible articles (supplemental Table A1),
including 23 from Asian countries (N=2337 NSCLC cases), 19 from
European countries (N=1553) and 4 from North and South America
(N=160). The HPV prevalence was 28.1% (95% confidence inter-
val (CI) 26.6-30.3%), 8.4% (95% ClI 7.1-9.9%) and 21.3% (95% CI
15.2-28.4%), respectively. From these studies, there were regional
differences between Asian, European and American studies (Fig. 1)
including a significantly higher prevalence of HPV among lung
cancer patients in Asia compared with European and American
studies. When the analysis was limited to HPV types 16 and 18
which have higher oncogenic risk, a significantly higher preva-
lence was observed in Asia (23.1%, 95% CI 21.5-25.2%, N=2307)
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Systematic search using key words, ‘HPV or human papillomavirus’, ‘lung or
bronchogenic,” and ‘cancer or carcinoma or neoplasm,’ (n=508)

Not English-1 {n=44)

343 studies were excluded (tittle and abstracts) |

[ Potentially relevant references identified and screened for retrieval (n=121) |

Not PCR (n=29)
Meta-analysis (n=4)
Overlapping data (n=4)
Review {n=14)

Case report (n=12)

Only in vitro data (n=12)

I 46 primary studies included in meta-analysis

Fig. 1. Flow chart diagram showing retrieved citations from literature searches and
the number of trials analyzed.

than in Europe (4.4%, 95% C1 3.5-5.2%, N= 1434, P<0.001) or Amer-
ica (15.6%, 95% CI 10.3-22.1%, N=160, P=0.003). Apart from the
worldwide regional difference, lung cancer associated with HPV
infection was not evenly distributed within Japan. It was partic-
ularly high in Okinawa (43.9%, 95% CI 37.7-50.2%, N=255), south
of mainland Japan, but it was notably low in Tokyo (0.3%, 95% CI
0.7-1.6%, N=341).

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
jJungcan.2013.10.002.

The prevalence of HPV in adenocarcinoma patients was slightly
higher in Asia (9.8%, 95% CI 7.8-12.1%, N=796) than in Europe
(6.8%,95% C14.8-9.2%, N=564). Additionally, the prevalence of HPV
in squamous cell carcinoma is significantly higher in Asia (33.2%,
95% C130.4-36.1%, N=796) than in Europe (9.5%, 95% Cl 7.5-11.9%,
N=1090, P<0.001).

3.2. HPV prevalence in lung cancer in never smokers

Because smoking status was not fully reported in all studies, we
contacted the authors by e-mail to supplement this information.
Eleven studies from East Asia [10-20] (N=1110), four from Europe
[7,21-23] (N=569) and one from America [24] (N=30) provided
information on smoking status (Table 1). These data showed the
distribution of HPV infection with NSCLC in never smokers (31.4%,
95% ClI 27.2-35.9%, N=452). However, there was no HPV detected
in the two studies in Japan, one study in China, Italy and Cro-
atia. Almost half of these studies in East Asia consisted of those
from Japan. Geographically lung cancer associated with HPV in
never smokers was not evenly distributed in Japan. It was rela-
tively high in Kagoshima (23.7%, 95% CI 11.4-40.2%, N=38), the
southwestern tip of the mainland Japan. The prevalence of HPV
in never smokers was significantly higher in East Asia (33.9%, 95%
CI 29.2-38.9%, N=392) than in Europe (14.8%, 95% Cl 6.6-27.1%,
N=58, P=0.005). While the HPV prevalence in East Asia was sim-
ilar between never and ever smokers (33.9% vs 39.2%, P=0.080),
it was significantly higher in never smokers than in ever smokers
(14.8% vs 2.9%, P<0.001) in Europe (Fig. 2).

The pie chart in East Asian shows that not only smokers were
prone to HPV but also never smokers (Fig. 3). The prevalence of
HPV in never smokers was 68.7% (95% ClI 58.6-77.6%, N=105) in
Taiwan, 60.0% (95% CI 36.1-80.9%, N=20) in Korea, 23.8% (95% CI
17.6-31.0%, N=168) in central part of China and 12.4% (95% CI
6.8-20.2%, N=105) in Japan.

3.3. Publication bias
Potential publication bias was evaluated using the Eggers’ test

and Begg's funnel plots with log-transformed hazards calculated
from prevalence rate (horizontal axis) as the outcome and their
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The detection rate of HPV with NSCLC patients in the World

Fig. 2. The detection rate of HPV with NSCLC patients in the world. The size of each pie chart correlates with the number of patients examined in the studies. The colors of
the countries are the HPV detection rate.
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Fig. 3. The detection rate of HPV with NSCLC patients in East Asia according to smoking status. The size of each pie chart correlates with the number of patients examined
in the studies.
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standard errors (vertical axis) as the index for accuracy (Supple-
mental Figure A1), The funnel plots were not symmetrical, with
P<0.001 in the Egger's test for all studies. The statistical analy-
sis showed that the heterogeneity was high between the studies
(Table 2). Overall, these data indicate that there is some evidence
of publication bias detected.

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.lungcan.2013.10.002.

4. Discussion

<) o
° 8 &

In most studies relevant to HPV, analysis on lung cancer in never
smokKers has not been reported. Our analysis demonstrated the dis-
tribution of HPV infection with NSCLC in never smokers all over the
world at a certain probability (31.4%, 95% CI 27.2-35.9%, N=452).
The virus plays some roles in carcinogenesis in the disease. The HPV

bl A prevalence rate was 33.9% in East Asia from eleven studies includ-

ing 68.7% in Taiwan, 60.0% in Korea, 23.8% in central part of China
and 12.4% in Japan. There were also regional differences observed
in Japan, and it was interesting that there was a relatively high
prevalence in Kagoshima, which is geographically close to Taiwan.
There were different patterns of the HPV prevalence in never smok-
ers between Asian and European countries. Several epidemiological
studies noted the higher incidence of lung cancer in never smok-
ers in East Asia compared to elsewhere [2]. This may be related
to the geographic differences of the HPV prevalence shown in this
study.

Several possible mechanisms of molecular pathogenesis of HPV
induced lung cancer were reported [25]. Previous study showed
that Taiwanese never smokers had a significantly high prevalence
of HPV16/18, suggesting HPV infection as a possible etiological
agent of lung cancer in never smokers [26]. Epidermal growth fac-
tor receptor (EGFR) mutations are more frequent in never smokers,
women, Asian ethnicity, and those with adenocarcinoma. Interest-
ingly, these clinicopathological features seem to be evident in this
Taiwan study. Indeed, one study in Japanese patients with lung can-
cer shows a significant association between high-risk type HPVs
and EGFR mutations [10]. Estrogen contributes to a large extent to
the onset of HPV infection and tumor progression [27] and estro-
gen signaling plays a biological role in both the epithelium and the
mesenchyme in the lung and that estrogen could potentially pro-
mote lung cancer [28]. The well-established crosstalk between ER
and EGFR in head and neck cancers arbitrates this action which is
further validated by the colocalized membrane ER and EGFR in the
lung tumors {29]. This ER-EGFR crosstalk could occur in the lung tis-
sue, which can consequently favor HPV persistence and malignant
transformation of the lung tissue. Furthermore, when this proba-
ble crosstalk fits in position, the increased vulnerability of female
never smokers to develop HPV induced lung cancer as well as the

5.1
20.6
16.7

59
34

24

4.2
21.1
16.7

70
38
30

Zagreb
Rome
Louisville

e}
g =R histologic affinity of HPV to NSCLC is better explained [25].
J= - The statistical analysis showed that the heterogeneity was high
and the funnel plot was asymmetric, which limited our study. The
°w© ° large variation in the prevalence of HPV in tumor tissues within
§ § § Japan is concerning, as is the evidence of substantial publication
bias. Contamination in detecting of HPV in the samples might also
explain the heterogeneity in the results between studies. However,
the data with regard to likelihood of the contamination is not avail-
able in our retrospective analysis. There are many methods applied
N - to detect HPV in the samples, such as in situ hybridizati‘on, differgnt
29 7 PCR assays with different primer pairs and immunohistochemical
b E -E staining. PCR has been used extensively for HPV typing in many
g s g it clinical and epidemiological studies because of its high sensitivity
£ g g g and specificity [30]. A systematic review showed that the sensitiv-

ity and specificity of high grade cervical squamous intraepithelial
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Table 2
Heterogeneity across the studies.
No. of studies No. of cases ? Cochran’s Q P-value
Region
Asia 23 2337 97.1 768.8 <0.0001
Europe 19 1553 94.0 300.2 <0.0001
America 4 160 67.7 9.3 0.0258
Histology and region
Ad Asia 12 796 91.8 1345 <0.0001
Europe 15 564 87.0 107.4 <0.0001
America 3 63 40.5 34 0.1861
Sq Asia 16 1090 94.4 266.0 <0.0001
Europe 17 744 91.0 1784 <0.0001
America 4 92 853 203 <0.0001
Total 46 4050 96.8 1386.9 <0.0001

Ad, adenocarcinoma; Sq, squamous cell carcinoma.

lesion was 0.85 (95% CI 0.84-0.86) and 0.62 (95% CI 0.62-0.64),
respectively [31]. Based on the published data, PCR was chosen as
the primary HPV detection method in our analysis. Different primer
systems targeting relatively conserved nucleotide sequences have
been developed with the aim of detecting a wide spectrum of HPV
types. The sets used most frequently are GP5+/6+, MY09/11, PGMY
and SPF10 [32]. These consensus methods were used mainly in the
studies in our research. Another potential limitation of our research
is the limited assessment on HPV subtypes. In majority of stud-
ies in our analysis, the high-risk subtypes of HPV were focused
on HPV 16 and 18. However, other high-risk HPV types were also
reported: HPV 31 and 33 were detected in 11/14 studies and 8/21
studies, respectively. The higher prevalence of HPV 33 infection
was reported in Korean lung cancer patients (31.3%, N=112) com-
pared to other Asian and Western countries (3.1%, N=511) [17].
Since only limited data are available currently with regard to the
prevalence of minor HPV infections, future studies assessing more
comprehensive HPV infections are warranted.

The important finding here is the fact of existing HPV in lung can-
cer in never smokers and our review highlights the potential of HPV
as a risk factor for lung cancer in never smokers. The Japan Molec-
ular Epidemiology Study (UMIN#000008177) is on-going, which
is a nationwide and prospective large study and partly focusing
on the virus in NSCLC. Although the numbers of never smokers
from European studies are very small, the different patterns of HPV
prevalence from Asian and European countries are intriguing and
deserve further study.
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Predictive power of prothrombin time
and serum total bilirubin for
postoperative mortality after major
hepatectomy with extrahepatic bile
duct resection

Yukihiro Yokoyama, MD,* Tomoki Ebata, MD,* Tsuyoshi Igami, MD,* Gen Sugawara, MD,*
Masahiko Ando, MD,? and Masato Nagino, MD,* Nagoya, Japan

Background. In 2011, the International Study Group of Liver Surgery defined posthepatectomy liver
Sailure using the prothrombin time—international normalized ratio (PT-INR) and total serum bilirubin
concentration (1-Bil). Data analyzing the clinical impact of PI-INR and T-Bil on postoperative
mortality, however, remain limited, especially for major hepatectomy with extrahepatic bile duct resection
(HEBR).

Methods. Prospectively collected data from 545 patients who underwent HEBR in a single institution
Jrom 2002 to 2011 were analyzed. Receiver operating characteristics (ROC) analyses of PIINR and T-
Bil on postoperative days (POD) 1, 3, and 5 were used to determine optimal cu-off values for predicting
postoperative mortality.

Results. Most of the treated diseases were biliary tract cancers, including perihilar cholangiocarcinoma
(n = 418), gallbladder carcinoma (n = 52), and intrahepatic cholangiocarcinoma (m = 27). The mean
values for PT'INR and T-Bil on POD 1, 3, and 5 were significantly greater in the patients who died
owing to postoperative complications than in the patients who survived. On POD 5, the area under the
ROC curve for predicting postoperative mortality and the optimal cutoff value for PIINR were 0.876
and 1.68, respectively, whereas those of T-Bil were 0.889 and 4.0 mg/dL, respectively. A combination of
PTINR and T-Bil showed strong predictive power (ie, >40% of the patients with values beyond the
cutoff value for both PI:INR and T-Bil on POD 5 died).

Conclusion. We recommend monitoring both PI-INR and T-Bil to predict accurately which patients are
at a high risk after HEBR. (Surgery 2014;155:504-11.)
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DESPITE ADVANGES IN SURGICAL TECHNIQUES AND PERIOPER-
ATIVE MANAGEMENT, the complication rate after a
major hepatectomy remains unsatisfactory. Posthe-
patectomy liver failure (PHLF) is among the most
serious complications that leads to surgery-related
death after a major hepatectomy. The incidence
of PHLF and its impact on the postoperative
course in previous reports are quite variable
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because of the difference in the definition of
PHLEF, the type of treated disease (ie, hepatocellu-
lar carcinoma, colorectal liver metastasis, biliary
malignancies), and the extent of operative inter-
vention in each report.'®

In 2011, the International Study Group of Liver
Surgery (ISGLS) proposed a definition and
grading system of PHLFE.’ Thereafter, Rahbari
et al® analyzed retrospectively 807 patients and
found that the definition and grading system
of PHLF by the ISGLS enables adequate risk
stratification for perioperative mortality. Two of
the major criteria for evaluating liver function
used in the ISGLS grading system were the pro-
thrombin time—international normalized ratio
(PTEINR) and total serum bilirubin concentra-
tion (T-Bil). In the ISGLS definition, a greater
PT-INR and an increased T-Bil level on or after
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postoperative day (POD) 5 have been included as
major criteria.” PTINR and T-Bil have also been
used frequently in the definition of PHLF in other
reports.”?1?

“Hepatectomy” includes a wide range of inter-
ventions, including a partial hepatectomy, subseg-
mental hepatectomy, segmental hepatectomy, and
sectionectomy. In some patients, especially in the
patients with perihilar malignancies, a major hep-
atectomy with extrahepatic bile duct resection
(HEBR) is necessary. In this type of resection,
hepaticojejunostomy after resection of the tumor
is mandatory, and thus the extent of the operative
intervention and the risk of postoperative
morbidity and mortality are different from a “sim-
ple hepatectomy,” which only requires a hepatic
parenchymal resection. Because the HEBR is not a
common procedure among the various types of
hepatectomies, precise data on the postoperative
morbidity and mortality in this type of operation
are lacking. Moreover, it is unclear whether the
criteria of the ISGLS definition (ie, PT-INR and
T-Bil) are valid for predicting postoperative mor-
tality after HEBR.

In this study, we analyzed retrospectively 545
consecutive patients who underwent HEBR with
hepaticojejunostomy in a single institution and
determined the value of the PT-INR and T-Bil
during the early postoperative course for predict-
ing postoperative mortality.

PATIENTS AND METHODS

From March 2002 to December 2011, 545
patients underwent HEBR with hepaticojejunos-
tomy at the First Department of Surgery, Nagoya
University Hospital, Nagoya, Japan. A major hep-
atectomy in this study included a resection of =3
Couinaud segments. Clinical data in these patients
were analyzed retrospectively.

Preoperative patient management. When the
patients had jaundice, biliary drainage, either by
endoscopic nasobiliary drainage, endoscopic
biliary stent, or percutaneous transhepatic biliary
drainage, was performed. The measurement of the
plasma disappearance rate of indocyanine green
(ICGK) and computed tomography volumetry
were performed routinely to evaluate the func-
tional reserve of the future liver remnant.'' Preop-
erative portal vein embolization was performed
when the extent of liver resection exceeded 60%
and/or functional reserve of the future liver
remnant was considered to be insufficient.'? Pre-
operative autologous blood donation (200-800
mL) was performed for patients who had hemoglo-
bin concentrations >11 g/dL.**
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Operative procedure. Liver resections were
conducted under the condition of intermittent
clamping of both the portal vein and the hepatic
artery (clamping for 15 or 20 minutes at 5-minute
intervals). Either the ultrasonic dissector or the
clamp crushing technique was used for the hepatic
parenchymal dissection according to the surgeon’s
preference. A hepaticojejunostomy was performed
by Roux-en-Y anastomosis in all patients as
reported previously.>'* All anastomosed bile ducts
were stented and externally drained with a 6-Fr,
polyvinyl chloride tube (percutaneous transhe-
patic biliary drainage tube; Hakko, Chikuma,
Japan) through the jejunal stump used for the
hepaticojejunostomy (transjejunal route).” No pa-
tient developed severe dilatation of the biliary
tree owing to anastomotic stenosis, which was
confirmed by computed tomography performed
routinely on POD 6 or 7. In some patients, a hep-
atopancreatoduodenectomy was necessary because
of tumor extension to the distal bile duct or sus-
pected lymph node metastasis in the peripancre-
atic region.'” All preoperatively collected
autologous blood was transfused during the opera-
tion. Allogeneic red cell concentrates, fresh frozen
plasma, or platelet concentrates were transfused
only if necessary.

Recording of clinical data and postoperative
complications. Detailed daily clinical records were
kept for all patients. Serum levels of PT-INR and T-
Bil were measured on POD 1, 3, and 5 whenever
possible. PHLF and posthepatectomy bile leakage
were defined according to the criteria of the ISGLS
definition.”® Postoperative infectious complica-
tions, including pneumonia, surgical site infec-
tions, and bacteremia as detected by the culture
method, were also recorded for =30 days after
the procedure. The diagnosis of pneumonia
required radiologic evidence of consolidation
with leukocytosis. Surgical site infection included
superficial/deep incisional infections and organ
space infections.'® Bacteremia was diagnosed
when a blood culture grew an isolate of organisms,
with no contamination of the skin flora.

Statistical analysis. Data were analyzed using the
JMP version 8 for Windows (SAS Inmstitute Inc,
Cary, NC) or Dr SPSS II version 11.01 J for
Windows (SPSS Inc, Chicago, IL). Results are
expressed as the mean values + standard deviation.
Continuous data were compared between 2 groups
using the Student #test. When data were not nor-
mally distributed, a univariate analysis using a
nonparametric test was used. Categorical data
were compared using the Chisquare test or
Fisher’s exact test, as appropriate. The prognostic
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value of PTINR and T-Bil in predicting postopera-
tive mortality was assessed using receiver operating
characteristic (ROC) curve analysis. The area
under the curve and the cutoff point were deter-
mined. Factors with significant impact on postop-
erative mortality as determined by univariate
analysis were explored with multivariate logistic
regression analysis to examine the relationship
between the postoperative mortality and the peri-
operative variables.

RESULTS

Clinical characteristics. The mean age of the
study patients was 64.9 years (range, 22-83). There
were 341 men (63%) and 204 women (37%). Most
of the treated diseases (approximately 90%) were
biliary tract cancers, including perihilar cholangio-
carcinoma (n = 418; 76%), gallbladder carcinoma
(n=>52;9%), and intrahepatic cholangiocarcinoma
(n=27; 5%). Other diseases included hepatocellu-
lar carcinoma (n = 8; 2%), colorectal liver metas-
tasis (n = 8; 2%), other malignancies (n = 4; 1%),
hepatolithiasis (n=9; 2%), and benign biliary stric-
ture (n = 19; 3%). For the malignant diseases, no
neoadjuvant chemotherapy or radiotherapy was
performed. The mean maximum T-Bil level at
the time of diagnosis was 6.5 mg/dL (range,
0.3-40.4), and preoperative biliary drainage was
performed for the patients with jaundice (n
455; 83%). When preoperative cholangitis was sus-
pected, it was controlled by biliary drainage and/or
antibiotic treatment targeting the bacteria isolated
by bile culture (n=72; 13%) and the operation was
postponed until the symptoms of cholangitis sub-
sided. To increase the volume of the future liver
remnant, 324 patients (59%) underwent preopera-
tive portal vein embolization. The indocyanine
green clearance test was performed when the
serum T-Bil levels were <2.0 mg/dL. The mean
ICGK was 0.161 (range, 0.102-0.261) and the
mean proportion of the future liver remnant was
51.5% (range, 24.5-95.2%).

Operative procedures and intraoperative infor-
mation. The operative procedure for the major
hepatectomy included a right hepatectomy (n =
218; 40%), left hepatectomy (n = 150; 28%), left
trisectionectomy (7 = 123; 23%), right trisectionec-
tomy (n = 41; 7%), and central bisectionectomy
(n=13; 2%). In most patients (n = 533; 98%), a
caudate lobectomy was combined with a major
hepatectomy. All patients underwent HEBR with
a hepaticojejunostomy. In 96 patients (18%), a
pancreatoduodenectomy was also performed.
Resection and reconstruction of the portal vein
(n = 203; 37%) or hepatic artery (n = 90; 17%)
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were performed when tumor invasion was sus-
pected.”’18 In total, 67 patients (12%) underwent
both portal vein and hepatic artery resection. The
mean operation time was 625 minutes (range,
329-1,264 minutes), and the mean amount of
intraoperative bleeding was 2,022 mL (range,
235-47,200 mL). The mean total vascular occlu-
sion time was 75 minutes, which consisted of
5 rounds of 15 minutes of intermittent ischemia.
In 400 patients (73%), only autologous blood
was transfused during the operation, and alloge-
neic blood was not used. In other patients (n =
145; 27%), allogeneic red cell concentrates were
transfused owing to a low hemoglobin level
(<7 g/dL) or low blood pressure. Allogeneic fresh
frozen plasma (n = 101; 19%) and platelet concen-
trates (n = 13; 2%) were transfused according to
the decision of the surgeons and anesthesiologists.
Postoperative outcomes. The overall morbidity
rate was 44%. The most common complication was
infectious (29%), including pneumonia, surgical
site infection, and sepsis. Bile leakage according to
the definition of the ISGLS occurred in 78 patients
(14%)"; 20 patients (4%) had leakage from the
hepaticojejunostomy. Liver failure according to
the definition of the ISGLS occurred in 321
patients (59%; Table 1).” Among these patients,
205 (38%) had clinically relevant liver failure
(grades B and C). The postoperative mortality
rate in the patients with grades A, B, and C PHLF
was 0%, 0.6%, and 48.5%, respectively. Of 545
patients, 17 (3%) died secondary to postoperative
complications (Table I). The median postoperative
survival time of these patients was 55 days (range,
15-148). Among the 17 patients who died,
9 (53%) underwent reoperation owing to intestinal
perforation (z = 4), intra-abdominal bleeding (7 =
2), or portal vein thrombosis (n = 3); all 17 patients
died as a result of hepatic failure in their terminal
stage (10 patients were with multiple organ fail-
ure). In contrast with patients who died postopera-
tively, reoperation was required in only 8 patients
among 528 who survived the operation (2%).
PTIINR/T-Bil and postoperative mortality.
When the patients were dichotomized by the inci-
dence of postoperative mortality, the mean PTAINR
and T-Bil on POD 1, 3, and 5 were significantly
greater in the patients who died owing to post-
operative complications (nonsurvivors) than in the
patients who survived (survivors; Fig 1, A and B).
Among the survivors, the peak levels of PI-INR
were observed on POD 1, and these levels decreased
gradually on POD 3 and 5. In contrast, the levels of
PTINR peaked on POD 1 and were sustained at a
high level through POD 3 and 5 in the nonsurvivors.
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Table 1. Postoperative outcome

Outcome n (%)
Overall morbidity 241 (44)
Overall infectious complications 159 (29)

Pneumonia 10 (2)

SSI (superficial/deep incisional) 62 (11)
SSI (organ space) 104 (19)
Sepsis 35 (6)
Bile leakage
None 467 (86)
Grade A 8 (1)
Grade B 69 (13)
Grade C 1
Liver failure*
None 224 (41)
Grade A 116 (21)
Grade B 172 (32)
Grade C 33 (6)
Overall mortality 17 (3)

*According to the ISGLS definition.”
881, Surgical site infection.

The peak levels of T-Bil were also observed on POD 1
in the survivors; however, the levels of T-Bil continued
to increase through POD 5 in the nonsurvivors.
Risk factors associated with postoperative mor-
tality. Possible risk factors associated with postoper-
ative mortality were analyzed. Univariate analysis
indicated that ICGK (<0.125), combined pancrea-
toduodenectomy, combined portal vein resection,
operation time (>600 minutes), and intraoperative
blood loss (>2,000 mL) were significantly associated
with postoperative mortality (Table II). To evaluate
whether PT-INR and T-Bil were independently asso-
ciated with operation-related death, both variables
were included in the multivariate logistic regression
model adjusted for ICGK, combined portal vein
resection, operation time, and intraoperative blood
loss (Table III). In this multivariate analysis, both
PTINR (on POD 1, 3, and 5) and T-Bil (on POD 1
and 3) were identified as significant risk factors for
postoperative mortality. The odds ratios for an incre-
ment of 0.1 in PT-INR on POD 1, 3, and 5 were 1.10,
1.59, and 1.26, respectively. The odds ratios for an
increment of 1.0 mg/dL in T-Bil on PODI, 3, and 5
were 1.69, 1.29, and 1.20, respectively. The area un-
der the ROC curve based on the multivariate logistic
regression model on POD 1, 3, and 5 were 0.946
(95% confidence interval, 0.893-1.000), 0.967
(0.922-1.000),and 0.963 (0.933-0.992), respectively.
ROC curve analysis for PT-INR and T-Bil. To
evaluate the predictive value of PT-INR and T-Bil
for postoperative mortality, ROC curve analysis was
performed based on the logistic regression in
which postoperative mortality was associated with
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PT-INR and T-Bil (Table III). The area under the
ROC curve for PTIINR was 0.843, 0.922, and
0.876, on POD 1, 3, and 5, respectively (Fig 2, A).
The area under the ROC curve for T-Bil was
0.837, 0.860, and 0.889, on POD 1, 3, and b, respec-
tively (Fig 2, B). The cutoff values of the PT-INR
and T-Bil were determined based on the ROC
curve in consideration of an appropriate trade-off
between the sensitivity and specificity. As a result,
the optimal cutoff value of PT-INR for predicting
postoperative mortality on POD 1, 3, and 5 was
1.81, 1.62, and 1.68, respectively. These levels
were relatively constant for POD 1, 3, and 5. The
optimal cutoff value of T-Bil for predicting postop-
erative mortality on POD 1, 3, and 5 was 2.7, 3.3,
and 4.0, respectively. In contrast with PT-INR, the
optimal cutoff value for T-Bil increased gradually
in the early postoperative course.

Combination of PT-INR and T-Bil. Although the
predictive power of PTAINR and T-Bil for postoper-
ative mortality was sufficient, each factor reflects a
different aspect of liver function (ie, PT-INR reflects
the capacity of the liver to synthesize coagulating
factors, whereas T-Bil reflects bilirubin metabolism).
Moreover, as shown in Fig 1, the dynamics of PT-INR
and T-Bil during the early postoperative course are
different. Therefore, we next hypothesized that a
combination of PT-INR and T-Bil would be more pre-
dictive of postoperative mortality than a single factor.
As expected, a combination using a cutoff value for
both PT-INR and T-Bil showed a better predic-
tive power for postoperative mortality at every time
point (POD 1, 3, and 5; Table IV) . Although the over-
all mortality rate was 3% in all study population, that
in the patients whose PT-INR and T-Bil levels were
beyond cutoff values on POD 5 was >40%.

DISCUSSION

Before the ISGLS’s proposal, the definition
of PHLF differed substantially in previous re-
ports.>?*% Mullen et al® analyzed 1,059 noncirrhotic
patients who underwent a major hepatectomy (resec-
tion of =3 liver segments); from the ROC curve anal-
ysis, these authors concluded that the optimal cutoffs
that predictliverrelated death were a peak PT-INR of
2.0 and a peak T:Bil of 7.0 mg/dL. Balzan et al®
analyzed 775 elective liver resections, including
minor and major hepatectomies for benign and ma-
lignant diseases. They proposed that a PT of <50%
and T-Bil >50 umol/L (2.9 mg/dL) on POD 5 was
a simple, early, and accurate predictor of a >50%
mortality rate after hepatectomy, known as a “50-50
criteria.” Because the type of treated disease and
the extent of operative resection in these reports
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Fig 1. The levels of prothrombin time-international normalized ratio (A) and total bilirubin (B) before the operation
(Pre-op) and on postoperative days (POD) 1, 3, and 5. The patients were dichotomized by the incidence of postoper-
ative mortality (ie, survivors vs nonsurvivors). *P < .05 versus survivors.

Table II. Possible risk factors associated with postoperative mortality

Univariate

Variables No. of patients Mortality (%) Odds ratio (95% CI) P value

Age (y)
=70 360 12 (3.3) 1.00 .688
>70 185 5 (2.7) 0.81 (0.28-2.32)

Gender
Female 204 7 (3.4) 1.00 746
Male 341 10 (2.9) 1.18 (0.44-3.14)

Extent of liver resection (%) .
=60 426 12 (2.8) 1.00 442
>60 119 5 (4.2) 1.51 (0.52-4.38)

ICGK
=0.125 471 12 (2.5) 1.00 .013
<0.125 58 5 (8.6) 3.61 (1.22-10.64)

Preoperative PVE
No 221 5 (2.3) 1.00 .342
Yes 324 12 (3.7) 1.66 (0.58-4.78)

Combined PD
No 449 ) 10 (2.2) 1.00 .010
Yes 96 7 (7.3) 3.45 (1.28-9.32)

Combined PV resection
No 342 5 (1.5) 1.00 .004
Yes 203 12 (5.9) 4.24 (1.47-12.20)

Combined HA resection
No 455 15 (3.3) 1.00 592
Yes 90 2 (2.2) 0.67 (0.15-2.97)

Operation time (min)
=600 263 1 (0.4) 1.00 <.001
>600 282 16 (5.7) 15.76 (2.08-119.69)

Blood loss (mL)
=2,000 369 2 (0.5) 1.00 <.001
>2,000 176 15 (8.5) 17.10 (3.87-75.63)

HA, Hepatic artery; ICGK, plasma disappearance rate of indocyanine green; ICGK-F, ICGK of the future liver remnant; PD, pancreatoduodenctomy; PV,
portal vein; PVE, portal vein embolization.

were variable, the actual incidence rate and severity Nevertheless, the reports using the ISGLS definition
of PHLF may not be comparable. After the ISGLS for PHLF remain limited.? It is important to collect
defined their set of criteria for PHLF, the data have prospectively the PHLF data according to the defini-
been standardized, and it has become easier to tion of ISGLS to further refine its criteria. It is also
compare the incidence of PHLF among reports. important to reevaluate whether the definition of
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Table III. Results of logistic regression analysis
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Univariate Multivariate™®

Variables No. of patients Odds ratiot (95% CI) P value Odds ratiot (95% CI) P value
POD 1

PTIINR 492 1.14 (1.06-1.23) <.001 1.10 (1.01-1.19) .026

T-Bil 538 1.79 (1.42-2.30) <.001 1.69 (1.22-2.43) .002
POD 3

PT-INR 369 1.39 (1.23-1.60) <.001 1.59 (1.23-2.31) .004

T-Bil 537 1.59 (1.36-1.89) <.001 1.29 (0.99-1.77) .077
POD 5

PTIINR 330 1.25 (1.12-1.43) <.001 1.26 (1.10-1.46) .001

T-Bil 538 1.47 (1.31-1.68) <.001 1.20 (1.03-1.43) .023

*PTINR, T-BIL, ICGK, and combined PV resection, operation time, and blood loss were included in the multivariate logistic regression model.

1Odds ratio is for each increment of 0.1 in PT-INR or 1 in T-Bil.

CI, Confidence interval; ICGK, plasma disappearance rate of indocyanine green; POD, postoperative day; PT-INR, prothrombin time~international normal-

ized ratio; T-Bil, total bilirubin.
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Fig 2. Receiver operating characteristics curve of the prothrombin time-international normalized ratio (A) and total
bilirubin (B) for the prediction of postoperative mortality (ie, survivors versus nonsurvivors).

PHLF is valid for predicting postoperative mortality.
In this regard, Rahbari et al” analyzed retrospectively
consecutive hepatectomy patients after publishing
the ISGLS definition and reported that the ISGLS
definition of PHLF is useful for predicting postoper-
ative mortality.

The hepatectomies included various extents
of invasion ranging from a minimum hepatic paren-
chymal resection to a systematic major hepatectomy.
In the case of perihilar biliary malignancies, HEBR
in combination with a major hepatectomy is manda-
tory. In addition, combined resection of the hepatic
vasculatures (ie, portal vein and hepatic artery) or
the addition of a pancreatoduodenectomy was
necessary for advanced cases. Therefore, the inci-
dence rate of postoperative morbidity and mortality
after HEBR would be expected to differ from that
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after a simple hepatectomy. Nevertheless, the inci-
dence of PHLF and its association with the dynamics
of PT-INR and T-Bil during the postoperative course
after HEBR have never been reported. It is also
unknown whether the PT-INR or T-Bil values are
useful for predicting postoperative mortality in this
type of operation; if these values are useful, the
optimal cutoffs are also unknown. As far as we know,
this is the largest study that demonstrates clearly the
dynamics of PTFINR and T-Bil and their association
with postoperative mortality after HEBR.
Interestingly, in agreement with the report of
Rahbari et al, PT-INR and T-Bil predicted post-
operative mortality in our study. The area under
the curve was >0.8 for the ROC curve of both
PT-INR and T-Bil on POD 1, 3, and 5 (Fig 2). These
observations validate the ISGLS definition of
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Table IV. Predictive value of combined prothrombin time-international normalized ratio (PT-INR) and

total bilirubin (T-Bil)

Parameter Survivors, n (%) Nonsurvivors,* n (%) Total
POD 1
PTINR «<1.81 and T:Bil <2.7 226 (100) 0 226
PTINR =1.81 and T-Bil <2.7 78 (100) 0 78
PTINR <1.81 and T-Bil =2.7 110 (98.2) 2 (1.8) 112
PT-INR =1.81 and T-Bil =2.7 62 (82.7) 13 (17.3) 75
Total 476 15 491
POD 3
PT-INR «<1.62 and T-Bil <3.3 226 (99.6) 1 (0.4) 227
PT-INR =1.62 and T-Bil <3.3 32 (100) 0 32
PT-INR <1.62 and T-Bil =3.3 67 (100) 0 67
PT-INR =1.62 and T-Bil =3.3 30 (73.2) 11 (26.8) 41
Total 355 12 367
POD 5
PT-INR <1.68 and T-Bil <4.0 230 (100) 0 230
PT-INR =1.68 and T-Bil <4.0 16 (94.1) 1 (5.9) 17
PT-INR <1.68 and T-Bil =4.0 55 (93.2) 4 (6.8) 59
PT-INR =1.68 and T-Bil =4.0 13 (59.1) 9 (40.9) 22
Total 314 14 328

*Nonsurvivors are patients who died of a postoperative complication.
POD, Postoperative day.

PHLF even in the cases of HEBR. The cutoff value
of PT-INR in our study on POD 5 was 1.68, whereas
that of T-Bil on POD 5 was 4.0 mg/dL. The levels
are also compatible with those of “50-50 criteria.”
Results of the multivariate analysis adjusted for
perioperative factors that showed an association
with postoperative mortality in crude analyses
and revealed that both the PT-INR and T-Bil values
were strong and independent predictors for post-
operative mortality on POD 1, 3, and 5.

Although the levels of both PT-INR and T-Bil on
POD 1, 3, and 5 were significantly greater in the
patients with postoperative mortality than those in
the patients without postoperative mortality, the
dynamics of each factor were different (Fig 1). The
reasons for this difference are unknown. PT-INR
and T-Bil levels reflect different aspect of liver func-
tion. The level of PT-INR reflects the ability of the
liver to synthesize coagulating factors, whereas the
level of T-Bil reflects the function of glucuronida-
tion and the ability to secrete conjugated bilirubin
(heme metabolites) into the bile duct. Therefore,
it can be speculated that, in the later phase of liver
failure, bilirubin metabolism is more severely
damaged than the ability of the liver to synthesize
coagulating factors. We recommend monitoring
both PT-INR and T-Bil to diagnose accurately the
presence of PHLF and to predict the patients
who are at high risk for postoperative mortality.
Although these patients need intense postoperative
care owing to a highly impaired liver function, by
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monitoring both PTIINR and T-Bil we can correct
precisely the impaired liver function by supporting
either synthetic or metabolic aspect. Nevertheless,
further investigations are required to elucidate
the mechanistic reason for the increased PT-INR
and T-Bil levels after a major hepatectomy.

The transfusion of allogeneic fresh frozen
plasma affects the level of PT-INR, whereas trans-
fusion of red cell concentrates affects the level of
serum T-Bil level. We separately use fresh frozen
plasma and red cell concentrates selectively
depending on the patients’ condition, and these
transfusions may have altered the levels of PT-INR
and T-Bil to some extent. It may be extremely
difficult to estimate accurately this extent, espe-
cially under the condition with substantial deteri-
oration of liver function postoperatively; therefore,
in this study we analyzed our data irrespective of
the performance of blood transfusions.

In conclusion, our study demonstrated the pre-
dictive value of PT-INR and T-Bil for postoperative
mortality in patients who underwent HEBR. The
combined use of these criteria for the definition of
PHLF is appropriate and valid. Further data
collection may be necessary to determine the exact
cutoff value of PT-INR and T-Bil to accurately
predict postoperative mortality.
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Purpose
This randomized phase |l trial was conducted to confirm noninferiority of amrubicin plus cisplatin

(AP) compared with irinotecan plus cisplatin (IP) in terms of overall survival (OS) in chemotherapy-
naive patients with extensive-disease (ED) small-cell lung cancer (SCLC).

Patients and Methods

Chemotherapy-naive patients with ED-SCLC were randomly assigned to receive |P, composed of
irinotecan 60 mg/m? on days 1, 8, and 15 and cisplatin 60 mg/m? on day 1 every 4 weeks, or AP,
composed of amrubicin 40 mg/m? on days 1, 2, and 3 and cisplatin 60 mg/m? on day 1 every
3 weeks.

Results

A total of 284 patients were randomly assigned to IP (n = 142) and AP (n = 142) arms. The point
estimate of OS hazard ratio (HR) for AP to IP in the second interim analysis exceeded the
noninferior margin (HR, 1.31), resulting in early publication because of futility. In updated analysis,
median survival time was 17.7 (IP) versus 15.0 months (AP; HR, 1.43; 95% Cl, 1.10 to 1.85),
median progression-free survival was 5.6 (IP) versus 5.1 months (AP; HR, 1.42; 95% CI, 1.16 to
1.73), and response rate was 72.3% (IP) versus 77.9% (AP; P = .33). Adverse events observed in
IP and AP arms were grade 4 neutropenia (22.5% v 79.3%), grade 3 to 4 febrile neutropenia
(10.6% v 32.1%), and grade 3 to 4 diarrhea (7.7% v 1.4%).

Conclusion

AP proved inferior to IP in this trial, perhaps because the efficacy of amrubicin as a salvage therapy
was differentially beneficial to IP. IP remains the standard treatment for extensive-stage SCLC
in Japan.
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Japan Clinical Oncology Group (JCOG 9511) dem-
onstrated the superiority of irinotecan plus cisplatin

Lung cancer is the leading cause of cancer-related
death worldwide,' and small-cell lung cancer
(SCLC) accounts for almost 13% of all new cases.”
More than half of these patients are diagnosed with
extensive-disease (ED) SCLC.? SCLC refers to a rap-
idly proliferating tumor that is highly sensitive to
chemotherapy. However, rapid emergence of clini-
cal drug resistance has resulted in poor prognosis,
with almost all such patients dead within 2 years of
initial diagnosis.? Thus, there is a need for new and
effective therapeutic options for ED-SCLC.

The combination of etoposide and cisplatin
(EP) has been standard treatment for ED-SCLC for
decades. In 2002, a phase III trial conducted by the
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(IP) over EP for patients with ED-SCLC.* Median
survival time (MST) and 1-year survival for the IP
and EP arms were 12.8 versus 9.4 months and 58.4%
versus 37.7%, respectively, but patients in the IP arm
experienced a significantly higher proportion of
grade 3 to 4 diarrhea. Although two randomized
phase III trials have failed to confirm the superiority
of IP over EP for chemotherapy-naive patients with
SCLC in North America and Australia,>” IP is con-
sidered equivalent to EP and one of the standard
ED-SCLC regimens in Japan.

Amrubicin is a completely synthetic anthracy-
cline derivative that is converted to an active metab-
olite, amrubicinol, and it is a potent topoisomerase
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1 inhibitor.” The high degree of therapeutic activity of amrubicin is
caused by the selective distribution of amrubicinol, which is 10X to
100X more cytotoxic than its parent compound, amrubicin.®’

A phase II study of amrubicin as single-agent therapy for previ-
ously untreated ED-SCLC yielded a response rate (RR) of 76%, com-
plete response (CR) rate of 9%, and MST of 11.7 months,'? similar to
outcomes for platinum-based doublets at the time. Moreover, a phase
/11 study of amrubicin plus cisplatin (AP) recommended administra-
tion of amrubicin 40 mg/m? on days 1, 2, and 3 with cisplatin 60
mg/m?® on day 1 every 3 weeks. An RR of 87.8% and MST of 13.6
months were demonstrated in the patients treated with the recom-
mended dose.'* The major toxicity of the AP regimen was hemato-
logic, which was acceptable because of the absence of febrile
neutropenia (FN). Moreover, the incidence of grade 3 to 4 diarrhea, a
concern with IP, was only 4.9%. Therefore, we believed AP mightbea
new effective treatment option for ED-SCLC, with a more favorable
toxicity profile than IP. We undertook a multicenter, randomized,
phase III noninferiority trial of AP compared with IP in previously
untreated patients with ED-SCLC.

Patient Selection

Patients were considered eligible if they met the following criteria: histo-
logically or cytologically demonstrated ED-stage SCLC (defined as = one of
following: distant metastasis, contralateral hilar-node metastasis, malignant
pleural effusion, pericardial effusion), chemotherapy naive, age 20 to 70 years,
Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0
tol, no prior chemotherapy or radiotherapy for any cancers, and adequate
organ function, defined as leukocyte count = 4,000/mm?, hemoglobin = 9.0
g/dL, platelet count = 100,000/mm?, total bilirubin = 2.0 mg/dL, AST = 100
TU/L, ALT = 100 IU/L, serum creatinine = 1.5 mg/dL, and partial pressure of
arterial blood gas without oxygen inhalation = 70 torr. Patients had normal
ECG and were asked to respond to a quality-of-life (QOL) questionnaire
before enrollment. Patients were excluded if they had other unrelated invasive
malignancies requiring ongoing therapy, serious tumor-related complication,
active bacterial or fungal infection, diarrhea, intestinal paralysis or obstruction,
evidence of interstitial pneumonia or pulmonary fibrosis on chest x-ray, re-
ceived or expected to receive long-term treatment (= 50 days) with nonsteroi-
dal anti-inflammatory drugs or steroids, serious cardiac disease, serious
psychiatric disorder, pregnancy, active gastroduodenal ulcer, or history of
myocardial infarction within 12 months. All enrolled patients provided writ-
ten informed consent to participate in the study.

Treatment Plan

Patients were randomly assigned at a one-to-one ratio to receive either
AP or IP. Random assignment was adjusted according to the following strati-
fication factors: ECOG PS, institution, and sex. The IP regimen consisted of
four cycles of irinotecan 60 mg/m? intravenously (IV) on days 1, 8,and 15 and
cisplatin 60 mg/m? IV on day 1. Cycle length for this arm was 4 weeks. The AP
regimen initially consisted of four cycles of amrubicin 40 mg/m?* IV on days 1,
2, and 3 and cisplatin 60 mg/m® IV on day 1 every 3 weeks. However, because
of the high incidence of severe hematologic toxicities, the protocol was revised
to reduce the initial dose of amrubicin to 35 mg/m? in the AP group after 66%
of patients (94 of 142) in the AP arm had been enrolled. The subsequent cycles
of both arms were begun if absolute leukocyte count = 3,000/uL, platelet
count = 100,000/uL, serum creatinine =< 1.5 mg/dL, and treatment-related
nonhematologic toxicities (excluding alopecia, weight loss, and hyponatre-
mia) had been resolved to grade =< 1. In regard to dose modification, if during
the previous course the patient presented with thrombocytopenia (platelet
count < 20,000/mm?) and/or grade 3 nonhematologic toxicity including FN
and diarrhea, the dose of irinotecan was reduced by 10 mg/m? and the dose of
amrubicin by 5 mg/m? in the next cycle. The dose of cisplatin was reduced by
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20 mg/m? for subsequent courses in the event of any of the following toxicities:
creatinine > 1.5 to = 2.0 mg/dL, grade 3 nonhematologic toxicity, grade = 2
neuropathy (sensory or motor), and grade = 2 muscle or joint pain. Prophy-
lacticadministration of granulocyte colony-stimulating factor was not allowed
in the first cycle. After the fourth cycle, initially prophylactic cranial irradiation
(PCI) was conducted as per institutional policy. However, because of the
report at the 2007 Annual Meeting of the American Society of Clinical Oncol-
ogy stating that addition of PCI for ED-SCLC responders significantly ex-
tended survival,'? the protocol was revised just 4 months after the start of
patient enrollment so that patients with CR or tumor elimination would
additionally receive PCL

Response and Toxicity Evaluations

Baseline evaluation consisted of complete medical history and physical
examination, ECG, ECOG PS, complete blood count, blood chemistry, blood
gas analysis, computed tomography (CT) scan of the chest, CT or ultrasound
of the abdomen, magnetic resonance imaging or CT of the brain, and bone
scan or positron emission tomography. During treatment within the study,
complete blood count, blood chemistry, and complete physical examination
with clinical assessment were performed at least every week. Toxicity was
evaluated according to the Common Terminology Criteria for Adverse Events
(version 3). Chest x-ray was performed every cycle during protocol treatment,
whether or not there was evidence of progression. All responses were defined
according to RECIST (version 1.0). We evaluated patient QOL twice—onceat
baseline and once after completion of the second course (8 weeks in IP arm, 6
weeks in AP arm after treatment initiation)—using a QOL questionnaire for
patients with cancer treated with anticancer drugs (QOL-ACD) and QOL
Questionnaire Core 30 (QLQ-C30; diarrhea score). The primary metric used
to analyze QOL was a comparison between arms in terms of improvement of
physical status score over baseline QOL questionnaire.

End Points

The objective of this randomized phase III study was to establish the
noninferiority of AP compared with IP as first-line therapy in patients with
ED-SCLC. The primary end point was overall survival (OS). Secondary end
points were progression-free survival (PFS), RR, adverse events (AEs), grade 3
to 4 diarrhea, and QOL.

Study Design and Statistical Analysis

This trial was a multicenter randomized trial. The study protocol was
approved by the JCOG Protocol Review Committee and the institutional
review board of each participating institution.

The trial was designed to achieve at least 70% power to confirm nonin-
feriority of AP compared with IP, with a noninferiority margin of 1.31 in terms
of hazard ratio (HR), MST of 12.8 months in both arms, and one-sided =
0.05. We believed 3 months would be the maximum allowable noninferiority
margin in the case of a less-toxic regimen with a different toxicity profile—a
profile that we had expected from the phase I/II study. An MST 3 months
shorter than that of the IP arm would correspond to an HR of 1.31. The planned
sample size was 282 patients, determined by the methods of Schoenfeld and
Richter,"® with 3 years of accrual and 3 years of follow-up. Because of an insuffi-
cient accrual rate during the study, the accrual period was revised to 4 years.

An interim analysis was scheduled because of the futility of the trial at the
halfway mark of registration. The results from the interim analysis were re-
viewed by the JCOG Data and Safety Monitoring Committee, and investiga-
tors were blinded for the results. After the first interim analysis, the protocol
was revised to add second interim analysis after all patients had been registered.
Multiplicity for the primary end point was adjusted using O’Brien-Fleming—
type alpha spending function.'* The primary end point—OS—was analyzed
using stratified Cox regression analysis with PS (0 v 1) and sex (male v female)
as strata for all eligible patients. Except for the primary analysis, OS and PFS
were analyzed using unstratified Cox regression analysis. OS and PFS were esti-
mated using the Kaplan-Meier method. RRs were compared using Fisher’s exact
test. QOL scores were analyzed using logistic regression with covariate, treatment
arm, and QOL scores at baseline. All Pvalues are two sided, except for the primary
analysis of the noninferiority hypothesis. Statistical analyses were conducted using
SAS software (version 9.1 or 9.2; SAS Institute, Cary, NC).
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