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Phase III Study Comparing Amrubicin Plus Cisplatin
With Irinotecan Plus Cisplatin in the Treatment of
Extensive-Disease Small-Cell Lung Cancer: JCOG 0509

Miyako Satouchi, Yoshikazu Kotani, Taro Shibata, Masahiko Ando, Kazuhike Nakagawa,

Nobuyuki Yamamoto, Yukito Ichinose, Yuichiro Ohe, Makoto Nishio, Toyoaki Hida, Koji Takeda,
Tatsuo Kimura, Koichi Minato, Akira Yokoyama, Shinji Atagi, Haruhiko Fukuda, Tomohide Tamura,
and Nagahiro Saijo

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 IP, 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% CI, 1.10 to 1.85),
median progression-free survival was 5.6 (IP) versus 5.1 months (AP; HR, 1.42; 95% Cl, 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 t0 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.

J Clin Oncol 32:1262-1268. © 2014 by American Society of Clinical Oncology

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

1262 © 2014 by American Society of Clinical Oncology
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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 I1I 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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11 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 might be a
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
1U/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 15and
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 amrubsicin 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/pL, 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

WWW.jco.0rg

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—once at
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 a =
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/Il 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 P values 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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Fig 1. CONSORT diagram. AMR, amru-
bicin; PCI, prophylactic cranial irradiation.

arm. Myelosuppression was improved by reducing the initial dose of
amrubicin: grade 3 to 4 leukopenia (from 77.2% to 62.5%), neutro-

. May 2007 to D ber 2010. 284 pati from 35 instituti penia (from 96.7% to 93.8%), anemia (from 43.5% to 22.9%), throm-
rom May to December >~ patients from njns.tltunons bocytopenia (from 35.9% to 10.4%), and FN (from 37% to 22.9%).
were enrolled onto the study. All patients were deemed eligible; 142

patients were randomly assigned to the IP arm and 142 to the AP arm
(Fig 1). Baseline characteristics were well balanced between the arms . ' - -

K . . . Table 1. Patient Demographic and Clinical Characteristics
(Table 1). All 284 patients were included in the analysis for OS, PFS, grep
and response. Patients who received at least one cycle of study treat- (n”lA 1'212’ (fiﬁrgz‘)
ment (n = 282) were assessable for toxicity analysis.

Characteristic No. %
Treatment Delivery Sex. i e S
Table 2 lists the number of cycles delivered. There were no signif- o l’l/;a:ale i ey : 1 ;g o o ?Zg
icant differences between the two arms in treatment delivery. Two Age, years ' ‘ ’
patients in the AP arm did not receive any protocol treatment. For the Median
remaining 142 and 140 patients, the proportions receiving the Range
planned four cycles of chemotherapy were 81% and 73.2% in the IP ECOG PS
and AP arms, respectively. In the AP arm, 67% (63 of 94) of those who Qi
received an initial dose of 40 mg/m? completed four cycles, whereas in 1 S
the AP arm, 85.4% of those who received 35 mg/m? completed four M?\i)s:gable lesions
cycles; 4.9% (seven of 142) in the IP group and 7% (10 of 142) in the Yes
AP group received < two thirds of the planned dose of cisplatin. The Smoking status
interruption rates before protocol completion in the IP and AP arms ~ Nonsmoker
were 19.7% and 26.8%, respectively; 13.4% and 16.2% of the patients ~Smoker [

in the IP and AP arms, respectively, had their treatment interrupted Metastasis (overlapped)

because of toxicity. In the IP and AP arms, 24 and 23 patients under- ;‘;:i 22 13‘2 ;? 2?‘2
went PCI, respectively. Brain 32 225 a1 28.9
Liver 35 24.6 45 31.7
Toxicity Others 68 47.9 64 45.1
. - . L
Table 3 h§ts grade = 3 major toxicities. T}'le most Comn?on Abbreviations: AP, amrubicin plus cisplatin; ECOG PS, Eastern Cooperative
grade = 3 AEs in the AP arm were myelosuppression and FN. Diar- Oncology Group performance status; IP, irinotecan plus cisplatin.

rhea represented the predominant type of grade = 3 toxicity in the IP
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Table 2. Delivered Cycles
IP Arm (n = 142) AP Arm (n = 142)

No. of Cycles No. % No. %

1 7 4.9 8 5.6

2 A0 B0 A T 9.9

3 10 7.0 14 9.9

45 CMB 0 BI0 104 7322
Abbreviations: AP, amrubicin plus cisplatin; IP, irinotecan plus cisplatin.

One treatment-related death occurred in the IP arm (resulting from
infection), and two occurred in the AP arm (one resulting from infec-
tion, and other resulting from pulmonary hemorrhage).

Efficacy

In the first interim analysis, the HR was 1.25 (99.9% CI, 0.28 to
5.59; information time, 0.16). The second interim analysis was
conducted after completion of patient accrual based on the data as
of May 2011. It showed that the median OS for AP (15.0 months)
was much worse than that for IP (18.3 months) and that the HR
was 1.41 (96.3% CI, 1.03 to 1.93) in stratified Cox regression. The
point estimate of HR in OS for AP to IP exceeded the noninferior-
ity margin (HR, 1.31); therefore, the Data Safety Monitoring
Committee recommended early publication because of futility ac-
cording to the preplanned decision rule that a point estimate of HR
of AP to IP exceed the noninferiority margin (HR > 1.31). The
Bayesian predictive probability that noninferiority would be
shown with statistical significance at the end of this trial was 16.2%.
Median PFS was 5.7 (IP) versus 5.2 months (AP; HR, 1.43;95% CI,
1.13 to 1.82). RR was 72.3% (IP) versus 77.9% (AP; P = .33). Even
updated analysis, as of May 2012, showed OS to be inferior in the
AP arm (17.7 v 15.0 months; HR, 1.43; 95% CI, 1.10 to 1.85; Fig

Table 3. Toxicities

Regimen by Grade (%)
AP Arm (n = 140)1

IP Arm (n = 142)"

Toxicity All 3 4 All 3 4
Hematologic - " FU Y BB ; G
Leukopenia .. B87 204 0 21 986 464 257
Neutropenia -~ 958 359 225 993 - 164 793
“Anemia 859 169 63 914 236 129
- Thrombocytopenia 120 14 07 . B93 1570 114
Nonhematologic
FN 10.6 9.9 07 321 314 0.7
Fatigue 61.3 3.5 07 843 36 0.0
Nausea 78.9 6.3 0.0 79.3 4.3 0.0
Vomiting 37.3 3.5 00 343 2.1 0.0
Diarrhea 63.4 7.7 0.0 26.4 1.4 0.0
Hyponatremia 746 148 49 793 157 6.4

Cardiovascular events 0.0 0.0 0.0 0.0 0.0 0.0

Abbreviations: AP, amrubicin plus cisplatin; FN, febrile neutropenia; IP,
irinotecan plus cisplatin. .

“One treatment-related death (0.7%).

TTwo treatment-related deaths (1.4%).

www.jco.org
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Amrubicin/cisplatin 142 46 5 2 2 2 2 1 0

Fig 2. {A) Overall and (B) progression-free survival for intent-to-treat population
{n = 284). HR, hazard ratio.

2A). Median PFS was 5.6 (IP) versus 5.1 months (AP; HR, 1.42;
95% CI, 1.12 to 1.80; Fig 2B). The initial dose reduction in amru-
bicin had no impact on any efficacy results when the dose was
reduced to 35 mg (Table 4).

The QOL questionnaire was completed in most cases: 282 of 284
patients at baseline and 272 patients at the end of the second course.
The proportion of improvement in physical status in terms of QOL—
the primary metric used to analyze QOL—was 37.1% in the IP arm
versus 31.7% in the AP arm (odds ratio, 0.72;95% CI, 0.43 to 1.22; P =
.23). There was no significant difference in QOL improvement.

Poststudy Treatment

Table 5 summarizes poststudy treatment. Overall, 93.7% of
[P-arm patients and 92.1% of AP-arm patients received additional
therapy; 89.4% of patients in the IP arm and 87.1% of those in the
AP arm received second-line chemotherapy, whereas 59.2% of
those in the IP arm and 62.1% of those in the AP arm received
third-line chemotherapy, indicating no substantial difference in
the percentage receiving poststudy treatment. Nonetheless, 61 and
34 patients in the IP arm were administered single-agent amrubi-
cin in their second- or third-line therapy, respectively. These fig-
ures are higher than those observed in the AP arm.
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Table 4. Summary of Survival and Response

After Amrubicin Dose
Revision

Before Amrubicin Dose
Revision

P Arm
(n = 45)

AP Arm
(n = 48)

IP Arm
(n = 97)

AP Arm
(n = 94)

Survival/
Response

PFS
Median 6.0 5.3 5.4 5.0
95% Cl 551066 491057 481064

4.7105.7

12210NE 12410207

Abbreviations: AP, amrubicin plus cisplatin; [P, irinotecan plus cisplatin; NE,
not estimable; ORR, overall response rate; OS, overall survival, PFS,
progression-free survival,

*One patient excluded because of no measurable lesions.

The outcomes in our study did not satisfy the primary end point,
showing OS in the AP arm to be significantly inferior to that in the
IP arm. The MST for AP was favorable (15 months), reproducing
the outcomes obtained in the phase I/II study. The MST for IP was
approximately 5 months beyond that shown in JCOG 9511.
AP may simply be inferior to IP in the first line in that the
platinum~topoisomerase [ inhibitor partnership between cisplatin
and irinotecan may be more synergistic. Although there was only a
0.5-month difference in median PFS, the IP arm displayed a much
longer MST (ie, postprogression survival of IP arm was longer);
two conceivable reasons for this are the advancements in support
therapy and the influence of poststudy treatment.

Table 5. Poststudy Therapy

Third Line
IP Arm AP Arm

Second Line

IPArm AP Arm

Chemotherapy (n=127) (n = 122) (n = 84) (n = 87)
AR S T O T 0 e 3
Irinotecan 3 24 7 19
~Cisplatin; irinotecan, and etoposide = 10 13 i 2 20
Carboplatin plus irinotecan 1 4 0 9
Irinotecan plusiother o0 e e e B A
Amrubicin 61 2 34 12
Carboplatin plus amrubicin 1 0 0 0
‘Cisplatin plus etoposide " "= o0 9 e e A T
Carboplatin plus etoposide 22 29 25 24
“Etoposide - T 0 00
Carboplatin, etoposide, and other 0 1 0 0
‘Topotecan: /i i 120 23 - -6 5
Carboplatin 0 0 0 1
- Carboplatin plus other == = =0 - SO0 4
Other 0 0 2 2

Abbreviations: AP, amrubicin plus cisplatin; [P, irinotecan plus cisplatin.

1266 © 2014 by American Society of Clinical Oncology

The incidence of the greatest toxicity concern in JCOG 9511,
grade 3 to 4 diarrhea, was 7.7% in this study (16.0% in JCOG 9511).
The incidence of diarrhea was lower, which was most likely the
result of advances in support therapy. That said, the impact of
poststudy treatment should garner the most attention as a reason
for the inability to demonstrate survival extension or noninferior-
ity in our study.

Analysis of subsequent therapies administered in this
study revealed that ultimately, two thirds of all patients in the IP
arm received single-agent amrubicin as a subsequent therapy.
There was no difference between the two arms in terms of the
percentage of patients who received subsequent therapies,
suggesting that amrubicin, used in a large percentage of patients in
the IP arm as postprotocol therapy, contributed to an extension
in OS.

Several studies have examined the use of amrubicin as second-
ary treatment for SCLC.">'® A phase II study by Inoue et al'®
comparing amrubicin with topotecan, considered to be standard
secondary treatment, indicated the possibility that amrubicin
might be superior to topotecan. A phase III study conducted by
Jotte et al'® did not show any significant difference between topo-
tecan and amrubicin as second-line chemotherapy in terms of OS
(MST: amrubicin, 9.2 months; topotecan, 9.9 months; HR, 0.89;
95% CI, 0.73 to 1.06); however, outcomes with amrubicin were
significantly better in terms of RR and PFS, and OS was better in
subanalysis only among patients experiencing refractory relapse
(MST: amrubicin, 6.2 months; topotecan, 5.7 months; HR, 0.77;
95% CI, 0.79 to 1.0; P = .047). Although topotecan is the most
evidence-based second-line therapy for SCLC,'**° amrubicin has
come into widespread use in Japan as a result of many reports on its
use among Japanese patients (ie, RR and PFS compare favorably,
and survival is quite respectable).

Amrubicin is a topoisomerase II inhibitor, suggesting that it
may not be effective in patients for whom etoposide (also topi-
somerase II inhibitor) or EP has failed. Irinotecan is a topoisomer-
ase I inhibitor, and amrubicin may be effective in those for whom
IP has failed (unlike in those for whom EP has failed). Accordingly,
the possibility remains that the frequent use of amrubicin in post-
study treatment may have extended survival even beyond that
expected. This may be a reason why IP therapy showed significantly
better survival than AP therapy in our study. In this phase III trial,
AP proved to be inferior to IP, but the results seen here do not
negate the activity of this agent in SCLC and perhaps underscore
the particular value of amrubicin as second- or third-line therapy
in this setting.

The AP arm showed reproducible, favorable survival in the
form of 15-month MST and noninferiority to EP in a phase III
study conducted in China (MST: AP, 11.79 months; EP, 10.28
months),?’ suggesting that AP is rather effective. However, consid-
ering that hematotoxicity and FN, even after reduction of the dose
to 35 mg/m?, were relatively serious, and considering the excellent
effect of amrubicin monotherapy in relapse treatment, we are
unable to recommend AP as standard first-line therapy for ED-
SCLC. Therefore, IP therapy showed favorable OS and toxicity
profile, indicating, as expected, its continuing presence as one of
the standard first-line therapies for ED-SCLC in Japan.
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g Topoisomerase I: An enzyme that acts on the topology of Topoisomerase I1: An enzyme that catalyzes the ATP-dependent !
i native DNA by changing the supercoiled structure of DNA. To- transport of one segment of DNA duplex through another DNA duplex. i
! poisomerase I makes a nick in one DNA strand, twists it around Topoisomerases change the topology of DNA by controlling the essen- {
| the other, and religates the nicked strand. tial functions of separating intertwined daughter chromosomes. |
H ]
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Appendix

Overall survival (OS) was defined as the time from random assignment to death resulting from any cause and censored at the last
follow-up date. Progression-free survival (PES) was defined as the interval from random assignment to diagnosis of progression or death
resulting from any cause and censored at the last date on which progression-free status was evaluated.

The response rate was the proportion of patients evaluated as having a complete or partial response as overall response among all
eligible patients with evaluable lesions. Proportion of grade 3 to 4 diarrhea was defined the number of patients who experienced at least one
grade 3 to 4 diarrhea event by Common Terminology Criteria for Adverse Events (version 3) from the first day of protocol treatment to
30 days after protocol treatment. Quality of life was compared in terms of a proportion of patients whose quality-of-life scores improved
during protocol treatment.

Cls for OS and PES proportions were estimated using Greenwood’s formula, and those of median OS and median PFS were estimated
using the method of Brookmeyer and Crowley. Hazard ratios were estimated using Cox regression.
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Abstract

OBJECTIVES: Adenocarcinoma in situ (AIS), which is considered to be pathologically non-invasive in the new International Association for
the Study of Lung Cancer/the American Thoracic Society/the European Respiratory Society classification, might be present in patients who
show a part-solid nodule on thin-section computed tomography (CT) scan.

METHODS: Between 2008 and 2011, 556 clinical Stage IA (c-Stage IA) lung cancer patients underwent pulmonary resection. For all the
patients, the findings obtained by preoperative thin-section CT were reviewed and categorized as pure ground-glass nodule (GGN),
part-solid nodule or pure-solid nodule based on the findings on thin-section CT, i.e. based on the consolidation/tumour ratio (CTR). A
part-solid nodule was defined as a tumour with 0 < CTR < 1.0, which indicated focal nodular opacity that contained both solid and GGN
components. All the patients were evaluated by positron emission tomography (PET), and the maximum standardized uptake value
(SUVmax) was recorded. Several clinicopathological features were investigated to identify predictors of AlS in clinical Stage IA lung cancer
patients with a part-solid nodule radiologically, using multivariate analyses.

RESULTS: One-hundred and twelve c-Stage |A lung cancer patients showed a part-solid appearance on thin-section CT. Among them, AIS
was found in 10 (32%) of the tumours with 0 <CTR 0.5, in contrast to 3 (5%) with 0.5 < CTR < 1.0. According to multivariate analyses,
SUVmax and CTR significantly predicted AlS in patients with a part-solid nodule (P = 0.04, 0.02). The mean SUVmax of the patients with
AlS was 0.57 (0-1.6). Moreover, in the subgroup of part-solid nodule with a SUVmax of <1.0 and a CTR of <0.40, which were calculated as
cut-off values for AlS based on the results for a receiver operating characteristic curve, 6 (40%) patients with these criteria showed a patho-
logical non-invasive nature, even patients with a part-solid nodule.

CONCLUSIONS: Among c-Stage |A adenocarcinoma with a part-solid nodule on thin-section CT scan, an extremely low level of SUVmax
could reflect a pure GGN equivalent radiologically and AlS pathologically. The preoperative tumour SUVmax on PET could yield important
information for predicting non-invasiveness in patients with a part-solid nodule.

Keywords: Lung cancer « Part-solid nodule - Adenocarcinoma in situ * Positron emission tomography

INTRODUCTION peripherally located adenocarcinoma of the lung, and several
authors have reported that lung cancers with a wide area of
Lung cancer is the most common cause of major cancerand mor-  ground-glass nodule (GGN) on thin-section CT scan have a good
tality worldwide [1]. Adenocarcinoma is the most common histo- prognosis, and in most cases, their pathological features are min-
logical subtype of lung cancer in most countries and accounts for imally invasive [4~7]. Thus, these tumours are considered to be
approximately half of all lung cancers. Moreover, recent develop- feasible candidates for limited surgical resection, as revealed by
ments in imaging technology and the widespread use of thin- the prospective JCOG 0201 study in Japan [8]. Nonetheless, there
section computed tomography (CT) for screening have made it are still some discrepancies between CTR and the degree of
possible to detect small-sized lung cancers [2, 3]. Most of these are pathological behaviour in patients with early stage lung cancer.

On the other hand, the maximum standardized uptake value

'Presented at the 21st European Conference on General Thoracic Surgery, (SUVmax) on p°'°;'§'°" emlstsmn t°m93’aphy (PET) with F-]Sflupr-
Birmingham, UK, 26-29 May 2013. odeoxyglucose (*°F-FDG) is a promising modality for predicting

© The Author 2013. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Figure 1: Thin-section CT scan and PET-CT reveal lung adenocarcinoma with a radiologically part-solid appearance and a wide range of grades of malignancy.
(A) shows low-grade malignancy based on SUVmax on PET-CT. In contrast, (B) shows high-grade malignancy based on PET-CT despite the findings of thin-section CT.

the prognosis and invasiveness of lung adenocarcinoma [9, 10].
Lung adenocarcinoma with a radiologically part-solid appearance
exhibits a wide range of grades of malignancy (Fig. 1). To predict
the biological behaviour of a part-solid nodule, preoperative find-
ings with PET and thin-section CT must be correlated with the
pathological features of these lesions, since these observations
could provide more precise clues regarding proper treatment
strategies for small adenocarcinoma with a part-solid appearance.
In the current retrospective study, we focused on the relationships
between SUVmax on PET, CTR on thin-section CT scan in clinical
Stage |A (c-Stage IA) lung cancer with a part-solid nodule and its
pathological invasiveness, especially regarding adenocarcinoma in
situ (AlS), to develop criteria for identifying candidates for limited
surgical resection by predicting pathological non-invasiveness in
patients with a part-solid nodule.

MATERIALS AND METHODS

This protocol was approved by the ethics committee at our insti-
tute. ‘All the patients provided their written informed consent
before trial enrolment.

Between January 2008 and December 2011, 556 c-Stage IA
lung cancer patients underwent pulmonary resection at our insti-
tute. For all the patients, the findings of preoperative CT were
reviewed by the authors (A.H., T.M. and K.S.). A contrast-enhanced
CT scan was performed to evaluate the entire lung for preopera-
tive staging. The size of the tumours was determined preopera-
tively based on the findings of thin-section CT scan. In addition,
all tumours were subsequently evaluated to estimate the extent of
GGN with a thin-section CT scan with 2 mm collimation. The lung
was photographed with a window level of -500 to -700 H and a
window depth of 1000-2000 H as a ‘lung window'. The solid com-
ponent was defined as an area of increased opacification that
completely obscured the underlying vascular markings. Ground-
glass nodule was defined as an area of a slight, homogeneous in-
crease in density that did not obscure the underlying vascular
markings. According to the radiological findings on thin-section
CT, tumours were divided into three groups: pure GGN, part-solid
nodule and pure-solid nodule based on the ratio of the maximum
diameter of consolidation to the maximum tumour diameter
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(consolidation/tumour ratio, CTR). According to thin-section CT
findings, pure GGN was defined as a tumour of CTR = 0, pure-solid
nodule was defined as a tumour of CTR=1.0 and part-solid
nodule was defined as a tumour of 0 < CTR < 1.0, which indicated
focal nodular opacity that included both solid and GGN compo-
nents. The pure GGN and pure-solid nodule groups were
excluded from this study.

With regard to PET-CT scanning, 112 patients underwent a
PET-CT scan at the Yotsuya Medical Cube (Tokyo, Japan). The
technique used for '8F-FDG-PET/CT scanning at the Yotsuya
Medical Cube was as follows. All patients were asked to fast for at
least 6 h before '8F-FDG injection to minimize their blood insulin
level and normal tissue glucose uptake..The subjects were
injected intravenously with 3.5 MBq/kg of "®F-FDG, and static
emission images were obtained 60 min after injection. Image ac-
quisition was performed using a Discovery ST PET/CT scanner (GE
Medical Systems, Waukesha, W1, USA). After CT image acquisi-
tion, emission scanning was performed from the head to the mid-
thighs in six bed positions. The acquired PET data were
reconstructed to volumetric images with a 2D-OSEM algorithm
(2 iterations/15 subsets) incorporating a CT-based attenuation
correction.

All PET-CT images were interpreted by one or two experienced
nuclear medicine radiologists. A workstation (Xeleris; Elegems,
Haifa, Israel) was used for image display and analysis, and the
SUVmax of the primary tumour was obtained.

With regard to pathological evaluations, the histological
subtype of lung adenocarcinoma was determined according to a
new international multidisciplinary classification published by
Travis et al. [1] under the sponsorship of the International
Association for the Study of Lung Cancer (IASLC), the American
Thoracic Society (ATS) and the European Respiratory Society
(ERS). Adenocarcinoma in situ (one of the lesions formerly known
as bronchioloalveolar carcinoma (BAC)) was defined as a localized
small (<3 cm) lung adenocarcinoma with growth restricted to neo-
plastic cells along pre-existing alveolar structures (i.e. lepidic
growth), which lacked stromal, vascular or pleural invasion.

Ultimately, 112 patients showed c-Stage IA lung cancer with a
‘part-solid’ appearance on thin-section CT scan. All the patients
were evaluated by PET, and the SUVmax was recorded. The
medical record of each patient was reviewed with regard to
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gender, sex, pack-year smoking, clinical T-status (c-T1a vs c-T1b),
radiological pleural involvement, presence of air bronchogram in
the tumour, serum carcinoembryonic antigen level (ng/ml, the
cut-off value in our institute is 3.0) and SUVmax on PET. The rela-
tionships between these factors and pathological status were
investigated to identify significant predictors of AlS in c-Stage 1A
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~ Clinical factors

No. of patients

No. of patients

P-value*

patients with a part-solid nodule on thin-section CT scan. Fisher's with AIS (%)
exact test or x° test was used to compare two factors. Univariate
and multivariate analyses were used to identify the clinical factors Total 12 13(12)
that predicted AIS in c-Stage |A part-solid lung cancer. Ge&i?; " 37 028
Furthermore, a receiver operating characteristic (ROC) curve for Female 7 10212) ”
predicting AIS was generated using SPSS Statistics 20 (SPSS, Inc.) © Age (years)
by plotting sensitivity vs 1-specificity for various thresholds of 270 33 2(6) 0.24
several clinical factors. Regarding the way to select the optimal <70 ) 79 11(14)
B Pack-year smoking
cut-off value from the ROC curve, we calculated the distance 220 26 ®) 048
between the point (0, 1) and each observed cut-off point on the <20 36 1(13)
ROC curve. The optimal cut-off value was obtained from the point Clinical T-status
at which the distance is minimum. A multivariate analysis was per- ¢Tla 66 12(18) <0.01
formed by logistic regression analysis using SPSS Statistics 20 ol c-Tib 46 1@
X eural involvement

(SPSS, Inc.). Forward and backward stepwise procedures were Absent 59 9(15) 0.20
used to determine the combination of factors that were essential -~ Present 53 4(8)
for predicting the prognosis. Statistical analysis was considered to - Air bronchogram
be significant when the probability value was <0.05. Absent 30 6(20) 0.09

Present 82 7(9)

Preceding malignancies

Absent 101 10(10) 0.09

RESULTS Present n 3(27)
CEA

There were 112 c-Stage IA lung cancer patients who showed a fg ;g 3%; 0.97
part-solid appearance on thin-section CT scan. Forty-one patients CTR
were male and 71 were female. The patients ranged in age from <035 13 3(23) 0.16
35 to 86 years, with an average of 66 years. Pathologically, all of >035 99 10(10)
them were adenocarcinoma. Among them, AIS was found in 13 <040 26 7(27) <0.01
(12%) patients with a part-solid nodule on thin-section CT scan. ;gﬁg gg gg;) <001
Conversely, postoperative nodal involvement was found in 3 (3%) >0.45 79 4(5) ’
of these patients (2 in N1 station and 1 in N2 station). The overall SUVmax
characteristics of c-Stage 1A lung adenocarcinoma patients with a 1.0 43 9(21) 0.02
part-solid nodule are summarized in Table 1. AlS was found in 10 :}g gg 1‘:2?7) 003
(32%) tumours with 0 < CTR £ 0.5, in contrast to 3 (5%) with 0.5 < 15 49 2(4) )
CTR< 1.0 (P<0.01). Regarding the relationship between AlS and <20 81 13(16) 0.02
the SUVmax value on PET, all patients with AlS showed a SUVmax >2.0 0(

of 2.0 (P=0.02).

According to a multivariate analysis in c-Stage IA lung cancer
patients with a part-solid nodule on thin-section CT scan, the fol-
lowing factors significantly predicted AlS pathologically: preceding
malignancies, CTR and SUVmax level (P=0.04, 0.02 and 0.04;
Table 2). The mean SUVmax and mean CTR of the patients with
AlS were 0.57 (0-1.6) and 0.47 (0.30-0.85), respectively.

Regarding SUVmax on PET and CTR on thin-section CT scan,
the ROC curve revealed that the optimal cut-off value for predict-
ing AIS in patients with a part-solid nodule was a SUVmax of 1.0

o AIS adenocarcmoma in s;tu, CEA carcmoembryomc antngen, CTR:
,;consohdatlon/tumour ratio; SUV: standardized uptake value o
"P-value in x test or F:sher’s exact test

; Table 2 Results of multnvanate analysus for pred|ctors of
AlS in clinical Stage lA Iung cancer patlents with a part~ olid

(area under the curve 0.728; standard error 0.057) (Fig. 2) and a o nodule o

CTR of 0.40 (area under the curve 0.702; standard error 0.075) o « Do :

(Fig. 3), respectively. These cut-off values yielded a sensitivity of i ) . X
O.6g92 and 5 specificity of 0.677 for SUVmax, and a sensitivig of  Variable 2225 ?nig’s;"ﬁdence P-value
0.769 and a specificity of 0.697 for CTR. Based on these results, in

the subgroup with a part-solid nodule with both a SUVmax of .- Preceding malignancies  0.16 0.03-0.96 0.04
<1.0 and a CTR of <0.40, 6 (40.0%) of the 15 patients with these cri- CTR 497 1.26-19.62 ggi

SUVmax 432 1.05-17.68

teria showed AlS, i.e. a pathological non-invasive nature, even
patients with a part-solid nodule. Moreover, by combining these
predictors, we identified subgroups with different frequencies of
pathological lymphatic vessel invasion (LVI) among c-Stage 1A
lung cancer with a part-solid appearance on thin-section CT scan

i AIS adenocarcmoma in situ; kCT R: consohdatnon/t mour
© standardized uptake value. . T
7 *P-value in log«stlc regressnon analys:s S
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Figure 2: The ROC curve of SUVmax on PET for the prediction of AlS in clinical

Stage IA lung cancer patients with a part-solid nodule, with a cut-off value of
1.0.
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Figure 3: The ROC curve of CTR on thin-section CT scan for the prediction of
AlS in clinical Stage IA lung cancer patients with a part-solid nodule, with a
cut-off value of 0.40.

(Table 3). The results showed that none of the patients with a part-
solid nodule who showed both a SUVmax of <1.0 and a CTR of
<0.40 had LVI. On the other hand, ~26% of patients with c-Stage
IA lung cancer with a part-solid nodule who did not have either of
these predictors had LVI.

DISCUSSION

Recently, limited surgical resection has been actively indicated for
multiple primary lung cancers and/or very early lung cancers that
are located peripherally and show a GGN appearance on thin-
section CT scan. Based on rapid advances in clinical, radiological,
pathological and molecular aspects of lung adenocarcinoma, a
new international multidisciplinary classification was published in
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Subgroups No. of
patients

No. of patients
with LVI (%)

Total number 112

19(17)

Presence of SUVmax < 1.0 and CTR £ 0.40
with both factors 15 0(0)
with either factors 39 4(10)
with neither factors 58 15 (26)

2011 under the sponsorship of IASLC/ATS/ERS [1]. In this classifica-
tion, AlS is a newly defined concept that refers to a localized non-
invasive adenocarcinoma with lepidic growth, which lacks stromal,
vascular or pleural invasion. Adenocarcinoma in situ is best
demonstrated typically as a pure GGN on thin-section CT, but is
sometimes seen as a part-solid or occasionally a pure-solid
nodule (Fig. 4). Since several studies have demonstrated that AlS
with pure lepidic growth was associated with 100% disease-free
survival [11-14], the ability to predict non-invasiveness in c-Stage
IA lung cancer patients with a part-solid nodule could be import-
ant for identifying appropriate surgical treatments.

Notably, a prospective trial of the Japan Clinical Oncology
Group, JCOG 0201 [8], revealed proper candidates for limited
surgery based on the results of radiological findings to predict
non-invasive lung cancer, which was defined as an adenocarcin-
oma of 2 cm or less with a CTR of <0.25. This indicates a significant
correlation between CTR and pathological findings. The prognos-
tic significance of a solid part in small-sized GGN adenocarcinoma
has already been addressed in the literature [15, 16]. Nonetheless,
as indicated in this study, there are still some discrepancies
between CTR and the degree of pathological behaviour in patients
with early stage lung cancer. Lung adenocarcinoma with a part-
solid appearance has a wide range of pathological characteristics,
since the solid part on thin-section CT scan represents various fea-
tures, such as collapse of the alveoli, the subsequent formation of
an active fibrotic focus and the proliferation of cancer cells
[15, 17). Actually, delayed loco-regional recurrence after limited
resection has been reported even for GGN adenocarcinoma [18].

On the other hand, a previous report suggested that a higher
SUVmax may indicate aggressive malignant behaviour in small-
sized adenocarcinoma, which was independent of the in situ com-
ponents pathologically [19-21]. An elevated SUVmax on PET
reflects cellular proliferation and the aggressiveness of the primary
lung cancer; however, the sensitivity of PET for AIS is usually very
low due to the lower metabolic activity of cancer cells and the
likelihood that they will escape detection with the use of FDG [22].
Therefore, the efficacy of PET for predicting the biological features
of small-sized adenocarcinoma, especially AIS, remains unclear.
However, this disadvantage of FDG-PET for detecting very early
lung cancer could provide more important information.
By combining the latest radiological imaging of CTR on thin-
section CT scan and SUVmax on PET, more precise clues for pre-
dicting a pathological non-invasive nature can be obtained for
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Figure 4: Adenocarcinoma in situ is sometimes seen radiologically as a part-solid nodule or occasionally as a pure-solid nodule. The CTRs are: (A) 0.31, (B) 0. 40 and

(C) 0.85.

lung cancer patients with part-solid lesions, and this could aid in
the selection of appropriate candidates for sublobar resection.

According to the present results in 112 part-solid lung adenocar-
cinoma patients of c-NO status, both CTR on thin-section CT scan
and the SUVmax level on PET of primary tumours were significantly
correlated with AlS, i.e. pathologically non-invasive, by a multivari-
ate analysis. Our results showed that, if they had both a SUVmax of
<1.0 and a CTR of <0.40, even patients with radiologically part-solid
tumours had an extremely high incidence of AIS (40%).
Furthermore, LVI was never found in patients who had both a
SUVmax of <1.0 and a CTR of <040, even if they had a
part-solid nodule. On the other hand, if patients had neither of
these predictors, we found an extremely high incidence of LVI
(26%) in c-Stage 1A lung cancer with a part-solid nodule. Our results
suggest that limited surgical resection could be an effective therapy
for these patients with a SUVmax of 1.0 and a CTR of <0.40, due to
the significantly non-invasive nature of these cancers. Thus, our
findings regarding the combination of CTR on thin-section CT and
SUVmax on PET more accurately reflect the pathological nature of
lung cancer with a part-solid appearance. These findings may be
applicable to a specific surgical approach, such as a sublobar resec-
tion for early stage lung cancer, the extent of lymph node dissection
and the treatment of multiple small-sized lung cancers. In addition,
these findings to predict AIS in patients with a part-solid nodule
could be used more effectively in our daily practice when we con-
tinue the close observation for small-sized lung cancer with GGN
predominance as well as selecting appropriate operative modes.

Basically, it is certain that AIS is found in patients with a pure
GGN on thin-section CT scan, and the information about the rela-
tionship between pure GGN and AlS is an interesting matter. In
contrast, AlS is found very occasionally in patients with a part-solid
nodule [1]. Actually, we encounter AlS in resected patients with
lung cancers showing part-solid nodules on thin-section CT scan.
The important point is that 100% disease-free survival is expected
if AlS is completely resected. Moreover, lung adenocarcinoma
with a radiologically part-solid appearance exhibits a wide range
of grades of malignancy. So it is worth investigating the clinical
predictors of AIS in patients with part-solid nodules on thin-
section CT scan. These data would be informative for deciding the
appropriate treatment strategies of part-solid nodules.
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The improved quality of CT images and the frequent application
of CT examinations in screening programmes have enhanced the
capability to detect small-sized lung cancers, which has raised sur-
gical issues that do not yet have definitive answers. Lobectomy
has been recommended as a standard surgical procedure [23],
even for small-sized lung cancers, since lymph node metastasis
can be found in ~15% of lung cancers that are 2 cm or smaller
[24, 25]. Nevertheless, our radiological criteria that combine thin-
section CT and FDG-PET could be used more precisely to predict
pathological non-invasiveness for patients with a part-solid ap-
pearance. These patients would be feasible candidates for limited
surgical resection, such as wide wedge resection or segmentect-
omy. In the future, however, whether or not limited surgical resec-
tion is an appropriate therapy for lung cancers with a GGN
appearance on thin-section CT could be strictly based on the
results of three randomized trials (JCOG 0802 and JCOG 0804 in
Japan and CALGB 140503 in North America).

This study was limited by a short median follow-up period. And
the number of patients with AlS was relatively small, because our
cohorts were composed by c-Stage 1A lung adenocarcinoma with
a ‘part-solid’ appearance on thin-section CT scan. Further investi-
gations are warranted in the future. Moreover, c-Stage 1A lung
adenocarcinoma is a heterogeneous cohort. Basically, AlS reveals
pure GGN radiologically [1]. On the other hand, like some radio-
logical findings we indicated in this study, we encounter AlS that
presents sometimes a part-solid or occasionally a solid nodule in
our daily practice. Actually, lung adenocarcinoma with a radio-
logical part-solid appearance exhibits a wide range of grade of
malignancies. Generally, radiological part-solid lesions reveal ex-
cellent prognosis. Nonetheless, there are some discrepancies
among CTR, SUVmax and pathological status. To predict the bio-
logical behaviour of a part-solid nodule, preoperative findings
with PET and thin-section CT must be correlated with pathological
features of these lesions. So in this study, we aimed to predict AIS
in c-Stage IA lung cancer patients with a part-solid appearance on
thin-section CT scan, since these observations could provide
more precise clues regarding proper treatment strategies for
small-sized adenocarcinoma with a part-solid appearance. In con-
trast, regarding c-Stage |A pure-solid lung cancer, the most im-
portant topic is the appropriate operative strategy for resectable
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NSCLC <2 cm in size [25]. From this point, a Phase Il trial as to the
feasibility of segmentectomy for lung cancer 2 cm or less in size is
now ongoing in Japan (JCOG 0802) and the USA. But historically,
lung cancers with a pure-solid appearance on thin-section CT scan
are considered to be of invasive nature with a high incidence of
nodal involvement of >20%, despite their small size [5, 25].
Regarding the proper indication of segmentectomy for pure-solid
lung cancer, some controversies are still surrounded such as possible
high local recurrence rate and insufficiency of interlobar lymph
node dissection in patients who underwent segmentectomy. So the
study to investigate radiological features for negative nodal involve-
ment and to elucidate the candidate for limited surgery even in
patients with radiologically pure-solid lung cancer is warranted.
Therefore, in the future, we have to address the identification of the
clinical and radiological factors to stratify the prognosis of c-Stage 1A
lung cancer patients. Further studies are needed.

In conclusion, the radiological diagnosis of non-invasive lung
cancer using the CTR on thin-section CT scan and SUVmax on PET
correlated well with pathological AlS. Our results support the
notion that limited surgical resection is an effective therapy even
for lung cancers with a part-solid appearance, in patients who
have both a SUVmax of <1.0 and a CTR of <0.40.
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Does the Mode of Surgical Resection Affect the
Prognosis/Recurrence in Patients With Thymoma?
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Background: Among the various controversies in the treatment strategies for patients with thymoma, the optimal mode of resection needs to be
defined. To explore whether or not the mode of resection affects the prognosis/recurrence in patients with thymoma, we evaluated the treatment
outcome of patients with resected thymoma.

Methods: One hundred seventy-three nonmyasthenic patients with stage I or Il resected thymoma were studied. Patients were divided into two groups:
a thymomectomy (resection of thymoma without total thymectomy) group (n= 100) and a thymothymomectomy (resection of thymoma with total
thymectomy) group (n="73). The differences in the clinicopathological characteristics and prognosis between the two groups were examined.
Results: Myasthenia gravis developed postoperatively in three patients (3%) in the thymomectomy group and in 6 (8%) in the thymothymomectomy
group. The 5- and 10-year overall survival rates in the thymomectomy group were 96.7% and 92.2%, and those in the thymothymomectomy group
were 94.0% and 86.2%, respectively (P =10.755). Two patients (2%) in the thymomectomy group and 4 (5%) in the thymothymomectomy group
experienced recurrence,

Conclusions: There was no difference in prognosis/recurrence between the two groups. Thymothymomectomy might not always be necessary for
nonmyasthenic patients with stage I or II thymoma.

J. Surg. Oncol. 2014;109:179-183. © 2013 Wiley Periodicals, Inc.

Key Worps: thymoma; surgery; thymomectomy; thymothymomectomy

INTRODUCTION

Surgical resection is considered to be the mainstay of treatment for
thymoma. With regard to the extent of resection, recent guidelines and
reviews have recommended complete en-bloc resection of the tumor with
the entire thymus gland (thymothymomectomy) [1-4]. Among several
approaches for the surgical treatment of thymoma, median sternotomy is the
most appropriate, since it can be difficult to easily and precisely perform
thymothymomectomy through other approaches [5-7].

These surgical methods are standard treatment for thymoma with
myasthenia gravis (MG), but the usefulness and necessity of these surgical
methods for thymoma without MG have not been fully evaluated [8-10]. In
fact, there has never been a prospective study on the surgical treatment of
thymoma. Furthermore, several reports have shown that total thymectomy
(thymothymomectomy) has not been performed in every patient with
thymoma [11-13]. Therefore, as some authors have pointed out [13-15],
the optimal surgical treatment for thymoma without MG remains unclear.

Most recently, Tseng et al. [16] compared the surgical results in early-
stage nonmyasthenic thymoma patients who underwent thymomectomy
with and without extended thymectomy and concluded that thymomectomy
without thymectomy is justified in early stage nonmyasthenic thymoma
patients. Further investigations are needed to evaluate their findings.

To explore whether or not the mode of resection affects the prognosis/
recurrence in patients with thymoma, we evaluated the surgical outcome
of nonmyasthenic patients with resected stage I or II thymoma.

METHODS
Patients and Clinical Evaluation

We reviewed the records of 219 patients who underwent resection for
thymoma at the National Cancer Center Hospital in Tokyo, Japan,

© 2013 Wiley Periodicals, Inc.
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between January 1962 and December 2011. Of these 219 patients, those
with stage III (n=26) or stage IV (n=17) thymoma were excluded.
Among patients with stage I or stage II thymoma, three patients who had
MG preoperatively were also excluded. The remaining 173
nonmyasthenic patients who had stage I or II thymoma were included
in this study. The patients were divided into two groups: a
thymomectomy group (n=100) and a thymothymomectomy group
(n="73). With regard to the mode of resection, thymomectomy was
defined as resection of thymoma leaving residual thymic tissue behind;
thymothymomectomy was defined as resection of thymoma with the
entire thymus as well as mediastinal fatty tissue between both phrenic
nerves. There was indeed a trend for performing thymomectomy or
thymothymomectomy. Before the 1980s, thymomectomy was
performed in almost all patients with thymoma. From the early 1980s
to the mid 1990s, thymothymomectomy through median sternotomy
was mainly performed. After the introduction of VATS in the 1990s,
thymomectomy by VATS was sometimes performed for patients with
thymoma smaller than 5 cm. Over the past 10 years, thymomectomy by
VATS or through an anterolateral mini-thoracotomy has been a standard
procedure for nonmyasthenic patients with radiologically non-invasive
thymoma smaller than 5 cm. Complete resection (R0) was defined as no
macroscopic/microscopic residual tumor. Incomplete resection was
defined as evident microscopic (R1)/macroscopic (R2) residual tumor.
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TABLE 1. Characteristics of the Patients

Nakagawa et al.

Thymomectomy  Thymothymomectomy
Characteristic (n=100) (n=73) P
Age (years) 57.7+£13.1 55.1+£12.5 0.108
Gender 0.453
Male 33 (33%) 29 (40%)
Female 67 (67%) 44 (60%)
Tumor size (cm) 0.094
Mean 5727 6324
Range 1.2-16.0 1.5-17.0
ITMIG stage 0.303
I 46 (46%) 27 37%)
I 54 (54%) 46 (63%)
WHO histologic type 0912
A 12 (12%) 9 (12%)
AB 53 (53%) 40 (55%)
Bl 17 (17%) 9 (12%)
B2 16 (16%) 14 (20%)
B3 2 (2%) 1 (1%)

ITMIG, International Thymic Malignancies Interest Group.

We defined recurrence as any evidence of tumor recurrence detected
either by imaging or by pathologic examination during follow-up. The
site of recurrence was defined according to the International Thymic
Malignancies Interest Group (ITMIG) recommendation as either local
(anterior mediastinum), regional (intrathoracic recurrence not
contiguous with thymus or previous thymoma), or distant disease [17].

Histologic Type and Stage

In this retrospective study, the histologic type of thymoma was
determined according to the WHO (2004) histologic classification,
which includes six histologic subtypes for thymoma: Type A, B, AB,
B1, B2, and B3 [18]. The tumor stage was determined according to the
ITMIG stage classification [19], which can be summarized as follows:
Stage I, grossly and microscopically encapsulated (i.e., the tumor has not
spread beyond the thymus); Stage /I, the thymoma invades beyond the
capsule (outer boundary of the thymus) and into the nearby fatty tissue or
the pleura (outer covering of the lung); Stage 11, macroscopic invasion
of neighboring organs; Stage IVA, pleural or pericardial dissemination;
and Stage IVB, hematogenous or lymphatic dissemination.

Statistical Analyses

The associations between variables in each group were analyzed by
either a Chi-square test or Mann—Whitney and Wilcoxon tests. Overall
survival was defined as the time from the date of surgery to the date of
death from any cause. Disease-free survival was defined as the time from

the date of surgery to the date of the first recurrence of thymoma or death
from any cause. Freedom-from-recurrence was defined as the time from
the date of surgery to the date of the first recurrence. The survival curves
were estimated by the Kaplan-Meier method, and the differences in
survival were tested by the log-rank test. Reported P values were two-
sided and those less than 0.05 were considered to indicate statistical
significance. Statistical analyses were performed with the SPSS 11.0
statistical software program (Dr. SPSS II for Windows, standard version
11.0, SPSS, Inc., Chicago, IL).

RESULTS

The clinicopathological backgrounds of the two groups are
summarized in Table I. There was no significant difference in age,
sex ratio, tumor size, histologic subtype, or stage between the two
groups.

With regard to the surgical approach, median sternotomy,
anterolateral thoracotomy, or video-assisted thoracotomy (VATS) was
planned based on the tumor size, location of the disease, and the presence
or absence of invasion to neighboring structures. In the thymomectomy
group, 58 patients (58%) underwent anterolateral thoracotomy, 41
(41%) underwent VATS, and 1 (1%) underwent median sternotomy. In
the thymothymomectomy group, 72 patients (99%) underwent median
sternotomy, and 1 (1%) underwent VATS.

None of the patients in either group received preoperative therapy.
One patient (1%) in the thymomectomy group received postoperative
radiation therapy at 50 Gy. Two patients in the thymothymomectomy
group received postoperative radiation therapy: 1 at 40Gy and 1 at
50 Gy.

MG developed postoperatively in 3 patients (3%) in the
thymomectomy group and in 6 (8%) in the thymothymomectomy
group. The clinical characteristics of these nine patients with
postoperative myasthenia gravis are summarized in Table II. Of these
nine patients, eight patients were treated with anti-cholinesterase or
steroids and improved. The clinical course of the other one patient was
unknown.

The mean follow-up time was 9 years (range: 0.1-32 years) in the
thymomectomy group and 9 years (range: 0.1-23 years) in the
thymothymomectomy group. Overall survival curves according to the
mode of resection are shown in Figure 1. The 5- and 10-year survival
rates in the thymomectomy group were 96.7% and 92.2%, and those in
the thymothymomectomy group were 94.0% and 86.2%, respectively,
and the difference between the two groups was not statistically
significant (log-rank test, P = 0.755). Figure 2 shows the disease-free
survival curves. The 5- and 10-year survival rates in the thymomectomy
group were 95.4% and 90.8%, and those in the thymothymomectomy
group were 92.5% and 83.6%, respectively, and the difference between
the two groups was not statistically significant (log-rank test, P = 0.371).
The freedom-from-recurrence curves are shown in Figure 3. The 5- and
10-year freedom-from-recurrence rates in the thymomectomy group

TABLE II. Clinical Characteristics of the Patients With Postoperative Myasthenia Gravis

Patient Gender Age Size (cm) Mode of resection WHO histologic type Stage Interval (months) Recurrence
1 Female 63 8.0 Thymomectomy AB 1 3 None
2 Female 73 6.5 Thymomectomy Bl I 12 None
3 Male 29 7.0 Thymothymomectomy A I 18 None
4 Female 63 4.8 Thymomectomy B2 I 24 None
5 Female 72 7.0 Thymothymomectomy AB it 44 None
6 Female 58 6.0 Thymothymomectomy B2 I 50 None
7 Female 51 6.0 Thymothymomectomy AB I 60 None
8 Female 28 11.0 Thymothymomectomy B2 I 72 Local
9 Female 62 7.0 Thymothymomectomy AB I 102 None
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Overall survival curves according to the mode of resection

Thymomectomy group (n = 100)

Thymothymomectomy group (n = 73)

Overall Survival
o

49 P=0.755
2
0.0
0 5 10 15 20
Years After Resection
Fig. 1. Overall survival curves for the thymomectomy and

thymothymomectomy groups.

were 98.7% and 98.7%, and those in the thymothymomectomy group
were 98.5% and 94.1%, respectively, and the difference between the two
groups was not statistically significant (log-rank test, P = 0.266). Two
patients (2%) in the thymomectomy group and 4 (5%) in the
thymothymomectomy group experienced recurrence. The sites of
initial recurrence in the thymomectomy group were local in one
patient and distant in 1, and those in the thymothymomectomy group
were local in 1, regional (pleural dissemination) in 1, and distant in 2.
The details of the patients with recurrence are shown in Table IIl. Only
one (1%) patient in the thymomectomy group had a local recurrence, and
the details have been described previously [20].

During the follow-up period, 16 deaths occurred in the
thymomectomy group. Of these, 6 died of another malignancy, 2 of
pneumonia, 2 of heart disease, 1 of renal failure, and 5 of unknown
causes. In contrast, 11 deaths occurred in the thymothymomectomy
group. Of these, 3 died of another malignancy, 2 of heart disease, 1 of
pneumonia, | of brain disease, and 4 of unknown causes. None of the
patients died of thymoma-related causes.

Disease-free survival curves according to the mode of resection

—1.04 Thymomectomy group (n = 100)
=
2
2 s
@ o
8 64 .* .,.';-l-bl °
f.’ Thymothymomectomy group (n = 73)
% 41 P=0.371
[
R
0O 21

0.0

0 5 10 15 20

Years After Resection

Fig. 2. Disease-free survival curves for the thymomectomy and
thymothymomectomy groups.

Journal of Surgical Oncology

181

Freedom-from-recurrence curves according to the mode of resection

Mode of Resection for Thymoma
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Fig. 3. Freedom-from-recurrence curves for the thymomectomy and

thymothymomectomy groups.

DISCUSSION

In 1936, Blalock performed the first trans-sternal thymectomy for a
19-year-old woman with MG and a thymic tumor [21]. Since then, his
Jandmark resection has been a standard surgical procedure for patients
with thymoma. Median sternotomy is thought to be the most suitable
approach, and other approaches can prove challenging for total
thymectomy (thymothymomectomy) [5-7]. Therefore, complete
surgical resection of the entire thymus gland through median
sternotomy is strongly recommended for the resection of thymoma [2-4].

However, these recommendations were established based on
retrospective  cohort studies, and there have never been any
prospective trials that focused on prognostic differences between
thymomectomy and thymothymomectomy. Furthermore, with regard to
the mode of resection in several previous reports, total thymectomy
(thymothymomectomy) was not performed in every patient with
thymoma [11-13], especially in those without MG.

To date, there has been only one study on the mode of resection for
thymoma (22], and the authors concluded that limited thymectomy
(thymomectomy) that avoided total thymectomy (thymothymomectomy)
can be indicated for stage I or II thymoma. In our previous report, there
was no difference in survival between patients who underwent total
thymectomy (thymothymomectomy) and those who underwent
thymomectomy [20]. Since then, thymomectomy by VATS or through
an anterolateral mini-thoracotomy has been the standard procedure for
nonmyasthenic patients with radiologically non-invasive thymoma
smaller than S5cm in our institution. As several authors have
mentioned, the optimal mode of resection for thymoma without MG
remains controversial [13—15]. Most recently, Tseng et al. compared the
surgical results in early stage nonmyasthenic thymoma patients who
underwent thymomectomy with and without extended thymectomy.
They concluded that thymomectomy without thymectomy, through
thoracotomy or VATS, is justified in early-stage nonmyasthenic
thymoma patients [16]. Their findings need to be verified.

Meanwhile, it is not yet clear why thymothymomectomy should be
performed in nonmyasthenic patients with thymoma. We think that there
are at least three arguments for the necessity of thymothymomectomy in
patients with thymoma.

The first argument is the occurrence of MG after the resection of
thymoma. Several authors have stated that the prevention of postoperative
MG is the most important rationale behind the necessity for
thymothymomectomy in every patient with thymoma [23,24]. In fact, in
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TABLE III. Clinicopathologic Features of the Patients Who Had Tumor Recurrence

Mode of WHO Interval to recurrence Treatment for

Patient Gender Age Size (cm) resection histologic type Stage  Site from operation recurrent tumors Outcome

1 F 36 8.5 Thymomectomy A I Local 16 years Resection Alive at 32 years
3 F 58 7.0 Thymomectomy AB )i PM 3 years Resection Alive at 19 years
4 F 28 11.0 Thymothymomectomy B2 I Local 6 years Resection and RT  Alive at 11 years
2 M 59 100 Thymothymomectomy A 1 PM 3 years Resection and CT  Alive at 9 years
5 M 47 55 Thymothymomectomy B3 i PM 10 years Resection Alive at 20 years
6 F 46 8.5 Thymothymomectomy B2 I PD 6 years Resection Alive at 16 years

PM, pulmonary metastasis; PD, pleural dissemination; CT, chemotherapy; RT, radiation therapy.

the present study, MG developed in six patients (5%) after thymomectomy,
but this incidence was not as high as that in the thymothymomectomy group
(8%). Kondo and Monden [25] and Sun et al. [26] examined the frequency
of postoperative MG according to the mode of resection and concluded that
total thymectomy (thymothymomectomy) did not prevent postoperative
MG. Furthermore, for the treatment of postoperative MG, the remnant
thymus can be removed by complete (extended) thymectomy via median
sternotomy. Thus, from the perspective of preventing postoperative MG,
thymothymomectomy is not always necessary for nonmyasthenic patients
with thymoma.

The second argument is the possibility of an increase in the rate of
local recurrence in the remnant thymus gland. In several previous
reports, the rate of local recurrence after the resection of thymoma
was less than 5% [20,27-31]. In this study, only one patient (1%) in
the thymomectomy group experienced local recurrence. If we
consider its indolent nature, when the tumor is completely
encapsulated, it should be possible to achieve curative resection by
only thymomectomy.

The third argument is the presence of multiple thymomas, especially
those that are microscopic. Suzuki and colleagues reviewed 16 patients
with multiple thymomas [32]. Of these patients, 14 had macroscopic
multiple thymomas. The remaining two patients had both a macroscopic
tumor and a microscopic tumor. One patient had two tumors that
measured 23 and 2 mm in diameter. The other patient had two tumors
that measured 58 and 0.5 mm in diameter. None of the patients in the
present study had a microscopic tumor. The incidence of patients
who have both a macroscopic and a microscopic thymoma seems to
be extremely low. Furthermore, we repeatedly emphasize that
metachronous thymoma can be resected by complete thymectomy
after thymomectomy. Hence, thymothymomectomy may not be
appropriate for all patients with thymoma based on the potential for
multiple thymomas.

This study has several limitations, including its retrospective nature
and the long observation period (almost 50 years). In addition, the mode
of resection was determined depending on the tumor size, location of the
tumor, the presence or absence of invasion to neighboring structures, and
each surgeon’s decision at the time of the procedure. Furthermore,
similar to several previous reports [16,22], this study included a
relatively small number of patients. Thus, the findings in all of these
studies should be tested and validated in a larger population.

There was no difference in prognosis/recurrence between the
thymomectomy and thymothymomectomy groups, although there
might be a selection bias regarding the mode of surgical resection. To
precisely define the role of the surgical mode of resection on the
prognosis of patients with thymoma, a prospective study might be
necessary.

CONCLUSION

Patients with thymomectomy had an outcome equivalent to that in
patients with thymothymomectomy. The results of the present study
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suggest that thymothymomectomy might not always be necessary as the
surgical mode for nonmyasthenic patients with stage I or II thymoma.
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