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platelet-derived growth factor

. . N 2
regulation of tumoral angiogenesis.®

Platelet-derived growth factor receptor-o. is expressed in
several tyges of cancer on transformed cells and in tumor
PDGFRa expression is associated with disease pro-

gression, diminished patient survival, and metastases to lymph
nodes and bone.”'® Due to the effects of the PDGFRo/
PDGF axis on tumor growth and tumor-associated vasculature,
there is interest in developing therapeutic inhibitors of this

stroma.®”

Cancer Sci | July 2014 | vol. 105 | no.7 | 862-869

T he receptor
(PDGFR) consists of PDGFRo and PDGFRp." These
receptors and their ligands are involved in normal organ devel-
opment and function, wound-healing, and the pathogenesis of
malignant and non-malignant diseases.”’ The PDGFRov/plate-
let-derived growth factor (PDGF) axis is required for vascular
endothelial growth factor production by tumor stroma and the

Olaratumab (IMC-3G3) is a fully human IgG1 monoclonal antibody that selectively
binds the external domain of human platelet-derived growth factor receptor-o
with high affinity and blocks ligand binding. This was a single-center, dose-esca-
lation, phase | trial of olaratumab in Japanese patients with advanced/refractory
solid malignancies. Three to six patients were enrolled into each of three cohorts:
Patients received i.v. olaratumab: 10 mg/kg on days 1 and 8 every 3 weeks
(cohort 1); 20 mg/kg every 2 weeks (cohort 2); and 15 mg/kg on days 1 and 8
every 3 weeks (cohort 3). Doses were escalated from cohort 1 through cohort 3.
The primary objective was to establish the safety and pharmacokinetic profile of
olaratumab. Sixteen patients were treated across three cohorts. There were no
dose-limiting toxicities, so the maximum tolerated dose was not reached. The
most common olaratumab-related treatment-emergent adverse events (TEAEs)
were proteinuria (25.0%) and elevated aspartate transaminase (12.5%). One
patient (cohort 2) had two olaratumab-related Grade 3 TEAEs (increased aspar-
tate aminotransferase and tumor hemorrhage); otherwise, olaratumab-related
TEAEs were Grade 1/2. Seven patients (43.8%) had a best response of stable dis-
ease. Based on the pharmacokinetic concentration profile of olaratumab, the
trough concentrations following single and multiple doses at 15 mg/kg on days
1 and 8 every 3 weeks (cohort 3) and multiple doses at 20 mg/kg every 2 weeks
(cohort 2) were above the 155 pg/mL target. Thus, these two doses could repre-
sent an acceptable schedule for future trials in Japanese patients. Olaratumab
had an acceptable safety profile and was well tolerated.

pathway."'? Most of these inhibitors are small molecule
tyrosine kinase inhibitors (TKIs) that typically inhibit multiple
kinases.' 1%

Olaratumab (IMC-3G3) is a fully human IgGl monoclonal
antibody that selectively binds human PDGFRa with high affinity
(approximately 40 pM) and blocks ligand-binding."* This anti-
body inhibits the proliferation and growth of a variety of
human tumor cell lines both in vitro and in vivo.5%' Based
on its activity in preclinical models involving human cells,>*¥
olaratumab entered clinical development. One phase I trial in
patients with advanced tumors is complete (CP15-0601; ISB-IE-
JGDC)(M) and several phase II trials are ongoing. Here, we
report the results of a phase I trial of olaratumab in a cohort of
Japanese patients (CP15-0907; ISB-IE-JGDF) with advanced
solid tumors.

family

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Materials and Methods

Patients. Patients (>20 years old) with advanced primary or
recurrent solid tumors not responding to standard therapy, or
for whom no standard therapy was available, were eligible.
Other enrollment criteria included Eastern Cooperative
Oncology Group Performance Status of 0-1; estimated life
expectancy >3 months; and adequate hematologic, hepatic,
renal, and coagulation function.

Patients with known brain metastases were excluded due to
risk of bleeding. Other exclusion criteria included chemother-
apy or radiotherapy within 28 days (6 weeks for nitrosoureas
or mitomycin C) prior to entering the study or presence of
ongoing side effects >Grade 2 due to agents administered
>28 days prior to study entry; uncontrolled intercurrent illness;

Table 1. Baseline demographics and disease characteristics
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participation in clinical trials of unapproved agents within
4 weeks of study entry for small molecules or within 8 weeks
for monoclonal antibodies; and hepatitis B virus antigen,
hepatitis C virus antibody, or human immunodeficiency virus
antibody positivity.

This study was conducted in accordance with the Good
Clinical Practices, Japanese Good Clinical Practices, the
Declaration of Helsinki, and approval by the medical institu-
tion’s Ethical Review Board. Patients provided written
informed consent prior to inclusion. The ClinicalTrials.gov
identifier is NCT01199822.

Study design. This was a single-center, open-label, dose-esca-
lation, phase I trial. The primary objective was to establish the
safety and pharmacokinetic (PK) profile of olaratumab adminis-
tered on day I every 2 weeks (q2w) or on days 1 and 8 every

Number of patients, n (%) (unless otherwise indicated)

Cohort 1 (10 mg/kg) Cohort 2 (20 mg/kg) Cohort 3 (15 mg/kg) All cohorts
n=3 n=7 n==6 N =16

Age, years

Median (range) 69.6 (59.6-71.4) 60.9 (35.6-70.3) 59.1 (50.5-69.7) 60.7 (35.6-71.4)
Sex

Male 3 (100.0) 5(71.4) 2(33.3) 10 (62.5)

Female 0 2 (28.6) 4 (66.7) 6 (37.5)
Race

Asian (Japanese) 3 (100.0) 7 (100.0) 6 (100.0) 16 (100.0)
Type of cancert

Colorectal 1(33.3) 5(71.4) 1(16.7) 7 (43.8)

Gastric 1(33.3) 0 1(16.7) 2(12.6)

Gastrointestinal stroma 0 2 (28.6) 2 (33.3) 4 (25.0)

Head and neck 1(33.3) 0 1(16.7) 2 (12.5)

Sarcoma 0 0 1(16.7) 1(6.3)

Duration of disease, monthsi
Median (range)
ECOG performance status

45.6 (2.4-61.4)

66.3 (32.5-90.4)

48.5 (25.5-102.5)

49.6 (2.4-102.5)

0 3(100.0) 7 (100.0) 5 (83.3) 15 (93.8)
1 0 0 1(16.7) 1(6.3)
Metastatic site
Lung 2 (66.7) 2 (28.6) 3 (50.0) 7 (43.8)
Liver 1(33.3) 6 (85.7) 3 (50.0) 10 (62.5)
Lymph nodes 1(33.3) 2 (28.6) 3 (50.0) 6 (37.5)
Peritoneal 1(33.3) 1(14.3) 2 (33.3) 4 (25.0)
Pleural 1(33.3) 0 0 1(6.3)
Other 0 3(42.9) 3 (50.0) 6 (37.5)
Prior disease-related therapy
Chemotherapy$§ 2 (66.7) 7 (100.0) 6 (100.0) 15 (93.8)
Othery 0 2 (28.6) 1(16.7) 3(18.8)
Missing 1(33.3) 0 0 1(6.3)
Prior disease-related radiotherapy
Yes 0 0 1(16.7) 1(6.3)
No 3 (100.0) 7 (100.0) 4 (66.7) 14 (87.5)
Missing 0 0 1(16.7) 1(6.3)
Prior disease-related surgery
Yes 2 (66.7) 6 (85.7) 6 (100.0) 14 (87.5)
No 0 1(14.3) 0 1(6.3)
Missing 1(33.3) 0 0 1(6.3)

tNot coded and was presented as reported. tDuration of disease is time (in months) from date of histologic/cytologic confirmation of advanced
solid tumor to date of first dose. If the day of first confirmation of cancer is unknown, it was replaced by 15SMMMYYYY. §includes agents such
as cetuximab, sunitinib, imatinib, aflibercept, and bevacizumab. {Other than chemotherapy, hormonal therapy, immunotherapy, and biologic

therapy. ECOG, Eastern Cooperative Oncology Group.
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Table 2. Olaratumab-related treatment-emergent adverse events
across all cyclest,;

Number of patients, n (%)

Preferred term Cohort 1 Cohort 2 Cohort 3
(10 mg/kg) (20 mg/kg) (15 mg/kg)
n=3 n=7 n=6
Patients with any AE 1(33.3) 6 (85.7) 1(16.7)
Hematologic
Anemia 0 1(14.3) 0
Leukopenia 0 1(14.3) 0
Non-hematologic
Aspartate 0 2 (28.6) 0
aminotransferase
increased
Cough 1(33.3) 0 0
Dermatitis 0 0 1(16.7)
Diarrhea 0 1(14.3) 0
Fatigue 0 1(14.3) 0
Fibrin D-dimer 0 1(14.3) 0
increased
Hyperglycemia 0 1(14.3) 0
Hypertension 0 1(14.3) 0
Proteinuria 0 3(42.9) 1(16.7)
Rash 0 1(14.3) 0
Tumor hemorrhage 0 1(14.3) 0

tFor each preferred term, each patient is counted only once per pre-
ferred term. JAEs with missing relationship to study drug were consid-
ered as related. AE, adverse event.

3 weeks (q3w) in this patient population. Exploratory analyses
included preliminary assessment of antitumor activity and
assessment of the pharmacodynamic effect of olaratumab.

Patients received i.v. olaratumab (infusion rate not exceeding
25 mg/min) 2w or on days 1 and 8 g3w. One cycle was
defined as 6 weeks. Tumor response was evaluated radiographi-
cally every 6 weeks, starting from the first drug administration
and independently from the treatment cycle. After cycle 1,
patients experiencing a complete response (CR), partial response
(PR), or stable disease (SD) received olaratumab at their cohort
dose and schedule until there was evidence of progressive dis-
ease (PD) or until other withdrawal criteria were met.

Treatment cohorts. Olaratumab dosing was based on baseline
body weight; the dose was recalculated if there was a >10%
weight change from baseline. A minimum of three patients
were enrolled in each cohort. The cohort 1 dose was 10 mg/kg
administered on days 1 and 8 gq3w. Dose escalation from
cohort 1 to cohort 2 (20 mg/kg q2w) occurred after all cohort
1 patients completed the first cycle of therapy or discontinued
due to a dose-limiting toxicity (DLT). Enrollment into cohort
3 (15 mgrkg q3w) occurred after all cohort 2 patients com-
pleted the first cycle of therapy or discontinued due to a DLT.
Intrapatient dose escalations were not permitted. Patients who
did not complete the first 6 weeks (one cycle) of treatment for
reasons other than a DLT were replaced.

If one DLT was observed in any cohort during cycle 1, 3
additional patients were enrolled into that cohort. If no addi-
tional DLTs were observed, dose escalation continued. If a
patient did not recover from the DLT to < Grade 1 within
2 weeks, the patient was discontinued from the study.

A DLT was defined as one of the following conditions: if
considered by the investigator to be definitely, probably, or

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Table 3. Efficacy of olaratumab

Cohort 1 Cohort 2 Cohort 3
(10 mg/kg) (20 mg/kg) (15 mg/kg)
n=3 n=7 n=6
Best overall tumor response, n (%)
CR 0 0 0
PR 0 0 0
sD 2 (66.7)1 3(42.9)1 2 (33.3)§
PD 1(33.3) 3(42.9) 4 (66.7)
NE 0 1(14.3) 0
Objective response 0.0 0.0 0.0
rate (CR+PR), %
Disease control 66.7 42.9 333
rate (CR+PR+SD), %
95% CIy 9.4-99.2 9.9-81.6 4.3-77.7
Duration of SD, n (%)
Median, months 2.8 2.8 4.9
95% Cl - 2.8-N/A 4.2-56

tCarcinoid tumor of rectum; parotid tumor, $Colon cancer; gastroin-
testinal stromal tumor; rectal. §Hypopharyngeal cancer; leiomyosar-
coma of inferior vena cava origin. §Binomial exact confidence interval.
Cl, confidence interval; CR, complete response; N/A, not attainable;
NE, not evaluable; PD, progressive disease; PR, partial response; SD,
stable disease.

possibly related to olaratumab; grade 4 neutropenia lasting
>7 days; grade >3 thrombocytopenia with bleeding or requir-
ing platelet transfusions; grade >3 neutropenia associated with
fever; grade 3 or 4 non-hematologic toxicity; grade >3 skin
toxicity (despite pre-emptive and supportive care); and/or
grade >3 diarrhea, nausea, or vomiting (despite pre-emptive
and supportive care).

Dose adjustments. Dose reductions were not permitted. Dose
delays were permitted after cycle 1 for patients with non-life-
threatening, reversible grade 3-4 adverse events (AEs) that
resolved to grade <1 within 2 weeks. For these AEs, treatment
could resume within 2 weeks and could continue until PD or
other withdrawal criteria were met.

Determination of maximum tolerated dose. This trial used a
conventional 3 + 3 design. If >2 patients in cohort 1 experi-
enced a DLT, the study was to be discontinued. If >2 patients
in cohort 2 or 3 experienced a DLT, then the cohort 1 dose
was to be the maximum tolerated dose (MTD). If no MTD
was determined, both cohorts 2 and 3 were to be expanded to
six patients, with the goal of obtaining enough data for a PK
analysis.

Pharmacokinetic assessments. Serum olaratumab was quanti-
tated by using a validated ELISA. For the 10 mg/kg (cohort
1) and 15 mg/kg (cohort 3) (dosed on day 1 and day 8 every
3 weeks) q3w groups, PK samples were collected up to 168 h
post end of day 1 infusion and 336 h post end of day 8 infu-
sion. For the 20 mg/kg q2w group (cohort 2), PK samples
were collected up to 336 h post end of infusion following the
first (cycle 1, day 1) and fifth (cycle 2, day 1) infusions.
Beginning cycle 3, samples were collected prior to and 1 h
after completion of the first infusion in every subsequent cycle.
The PK parameters were calculated from individual serum
concentrations versus time profiles by noncompartmental
analysis method by using winnonLIN (Version 5.3; Certara,
St. Louis, MO, USA).

Pharmacodynamic assessments. Human PDGF-AA and
PDGEF-BB in sodium heparin plasma collected at pre-specified

Cancer Sci | July 2014 | vol. 105 | no.7 | 864
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time points was quantitatively determined by using an ELISA
at Intertek Laboratories (Houston, TX, USA).

For cohorts 1 and 3, PD markers were analyzed using
plasma samples (from approximately 7 mL of blood) obtained
prior to the first infusion; immediately after the first infusion;
and 1, 4, 8, 24, and 168 h following the completion of the first
infusion, prior to and 1 h following the completion of the fifth
infusion and ninth infusion, and prior to and 1 h following the
completion of the infusion every 6 weeks thereafter. A blood
sample for PD assessment was also taken at the end of study
Visit.

For cohort 2, PD markers were analyzed using plasma sam-
ples obtained prior to the first infusion; immediately after the
end of the first infusion; 1, 4, 8, 24, 168, and 336 h following
the completion of the first infusion; prior to and 1 h following
the completion of the fourth infusion and seventh infusion; and
prior to and 1 h following the completion of the infusion every
6 weeks thereafter. A blood sample for PD assessment was
also taken at the end of study visit.

Safety assessments. Adverse events were coded by the Medi-
cal Dictionary for Regulatory Activities and graded according
to the National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events, Version 4.02.4%

Disease assessment. Baseline tumor burden was assessed
within 28 days prior to study registration. Patients were evalu-
ated for response according to the Response Evaluation Crite-
ria in Solid Tumors (v 1.0) after every cycle."® Confirmatory
scans were obtained >4 weeks following initial documentation
objective response.

Data and statistical analysis. The anticipated sample size was
18 patients. This sample size was based on cohort size. Data were
analyzed using sas® software (Cary, NC, USA), version 9.2.

Analysis populations. The safety population included all
enrolled patients who received any olaratumab, regardless of
study eligibility, and was based on the actual initial therapy that

%Ww,w,,,,,m,mm.wﬁ
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a patient received, regardless of any other cohort to which the
patient was assigned. The safety population was used for the
analysis of baseline characteristics, safety data, and efficacy
data. The MTD population included all enrolled patients who
completed cycle 1 or discontinued during cycle 1 due to a DLT.

Results

Patient characteristics and treatment. Sixteen patients at one
Japanese center received olaratumab. One additional patient
signed an informed consent form and was enrolled in the study,
but was considered a screen failure and was not treated due to
pneumonia at the time of study entry. Across all cohorts, the
median age was 60.7 years (range 35.6-71.4). The majority of
patients were male (62.5%) and had colorectal or gastric type
cancers (81.3%); all patients were Asian (Japanese). Table 1
shows the baseline demographics and disease characteristics.

Dose. The median duration of treatment was 13.1 (range
7.0-13.6), 6.0 (range 3.0-13.4), and 7.0 (range 7.0-25.1)
weeks in cohort 1 (n = 3), cohort 2 (n = 7), and cohort 3
(n = 6), respectively. The median number of infusions was 8.0
(range 4.0-8.0), 3.0 (range 2.0-6.0), and 4.0 (range 4.0-16.0)
in cohort 1, cohort 2, and cohort 3, respectively. The median
relative dose intensity was >85% in all three cohorts.

Safety. There were no DLTs in this trial; therefore, the
MTD was not reached, consistent with the previous phase I
trial. " One patient experienced an AE that met DLT defini-
tions (grade 3 olaratumab-related tumor hemorrhage), but this
event occurred outside the DLT assessment period (patient
discontinued treatment prior to the completion of cycle 1
because, in the investigator’s opinion, continued treatment was
inappropriate); thus, the event was not considered a DLT.

There were four dose delays; two occurring in cohort 2 and 1
each occurring in cohorts 1 and 3. Two dose delays were caused
by AEs in cohort 2 (grade 1 olaratumab-related proteinuria) and
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cohort 3 (fatigue/anorexia/weight loss). There were no infusion
interruptions. No AE led to treatment discontinuation,

All patients experienced at least one AE of any grade.
Across all cohorts and cycles, the most frequently reported
treatment-emergent adverse events (TEAEs) regardless of
causality were pyrexia (4 [25.0%]), proteinuria (4 [25.0%]),
constipation (3 [18.8%]), and anorexia (3 [18.8%]). During
cycle 1, the most frequently reported TEAEs regardless of cau-
sality were pyrexia (4 [25.0%]), constipation (3 [18.8%]), and
proteinuria (3 [18.8%]).

Table 2 shows TEAEs that were assessed as olaratumab-
related occurring through all cycles. The most common olaratu-
mab-related TEAEs were proteinuria (4 [25.0%]) and elevated
aspartate aminotransaminase (2 [12.5%]). One patient (cohort
2) had two grade 3 olaratumab-related AEs (ie., increased
aspartate aminotransferase and tumor hemorrhage); both AEs
occurred in cycle 1.

Two serious AEs, both occurring in cycle 1, were reported
during the trial (malignant neoplasm and tumor hemorrhage).
The tumor hemorrhage was considered by the investigator to
be olaratumab-related. There were no patient deaths due to
AEs on study or within 30 days of the last olaratumab dose.
One patient (cohort 3) died due to PD, approximately
2 months after the patient’s last olaratumab dose.
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Fig. 2. Arithmetic mean olaratumab serum concentration versus time
profiles following the first dose (a) and multiple (b) doses of olaratu-
mab. Semi-log scales are shown in each plot. h, hour; g2w, every
2 weeks; gq3w, every 3 weeks.
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Efficacy. The best overall response was SD (Table 3). The
disease control rate (CR+PR+SD) was 66.7% in cohort 1,
42.9% in cohort 2, and 33.3% in cohort 3. The median
duration of SD was 2.8 months in cohort 1 and cohort 2, and
4.9 months in cohort 3.

Of the seven patients with a best response of SD, two

patients in cohort 3 experienced disease stabilization
>4 months; these patients had hypopharyngeal cancer

(4.2 months) and leiomyosarcoma of inferior vena cava origin
(5.6 months). The others experienced disease stabilization that
lasted approximately 2.8 months each. Figure 1 shows time on
treatment for each patient.

Pharmacokinetics. Non-compartmental PK analysis was con-
ducted for three patients from cohort 1, six patients from
cohort 2, and six patients from cohort 3; one patient was
excluded from PK analysis due to a dosing error (protocol
deviation), The mean serum concentration versus time profiles
following the first and multiple doses of olaratumab infusion
are shown in Figure 2(a,b) respectively. The second peak,
occurring at approximately 169 h for the 10 mg/kg (cohort 1)
and 15 mg/kg (cohort 3) dose groups, is associated with the
second infusion of olaratumab given on day 8 (168 h).

The PK parameters following the first infusion and multiple
infusions of olaratumab at 10 mg/kg q3w (cohort 1), 15 mg/kg
q3w (cohort 3), and 20 mg/kg g2w (cohort 2) are summarized
in Table 4. After a single infusion, PK parameters, including
area under the serum concentration versus time curve from zero
to infinity (AUCg.), total body clearance of drug calculated
after intravenous administration (CL), and terminal phase
volume (V,), were not calculated for the 10 mg/kg (cohort 1)
and 15 mg/kg (cohort 3) dose groups; the terminal elimination
1y, was calculated following day 8 infusion because of the
unique dosing schedules of these cohorts (patients received first
infusion on day 1 and second infusion on day 8 q3w). The indi-
vidual terminal elimination t;,, following the first and multiple
doses ranged from 4.42 to 9.38 days and 4.06 to 8.83 days,
respectively, across all dose groups and dosing schedules. Due
to the relatively short PK sampling time (336 h) post end of
infusion, the true terminal elimination phase may not have been
completely captured and accurately estimated. Therefore, 1;,,
and its associated parameters, including AUCy._.) and CL,
should be interpreted with caution. The olaratumab maximum
observed serum drug concentration (Cp,x) following the first
infusion appeared to increase with dose.

Individual serum concentration-time profiles exhibited a
multi-phasic decline (data not shown). Following the multiple
doses (fifth dose for the 10 mg/kg [cohort 1] and 15 mg/kg
[cohort 3] dose groups and fourth dose for the 20 mg/kg [cohort
2] dose group), individual serum concentrations were higher than
the first dose, reflecting some accumulation of olaratumab
following multiple infusions (individual patient accumulation
ratio, calculated using AUC [R, AUC] ranged from 1.30 to
1.72) (data not shown).

Following multiple infusions of olaratumab at 10 mg/kg
g3w and 20 mg/kg g2w, the geometric mean trough concen-
trations (Cjas) Were close to or above the target trough concen-
tration (155 ug/mL) associated with antitumor activity in
preclinical xenograft studies.'* However, olaratumab infusion
at 15 mg/kg q3w generated geometric mean pre-dose serum
concentrations above 155 pg/mL (target trough concentration)
throughout the study (Table 4).

Comparative analyses of clearance (steady state clearance;
CLss) and exposure (area under the concentration versus time
curve during one dosing interval; AUCT), following multiple
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Table 4. Summary of olaratumab pharmacokinetic parameters

Original Article
Doi et al.

Geometric mean (CV%)+

Regimen 10 mg/kg (N = 3)4,§ 15 mg/kg (N = 6)§ 20 mg/kg (N = 6)
q3w q3w q2w

After the first dose
Conae (1g/mL) 362.322; 436.172 587 (40) 735 (29)9
tron ()T 1.20; 1.73 1.45 (1.18-9.14) 2.22 (1.27-3.28)"
Ciost (1g/mL) 203.320; 176.762 173 (46) 110 (19)
AUCo168 (1g/h/mL) NC 48 000 (47)§§ 63 400 (21)
AUC(o_s1ast) (1g/h/mL) 35 500; 35 600 43 600 (45) 92 500 (20)t+
AUCy (ug/h/mL) NC NC 126 000 (12)9
tys (days)it 5.33; 6.38 7.29 (6.04-9.38)1 6.42 (4.42-8.00)
CL (mL/h/kg) NC NC 0.159 (12)§

Geometric mean (CV%)7

Regimen 10 mg/kg (N = 3)i++ 15 mg/kg (N = 6)i ittt 20 mg/kg (N = 6)
q3w q3w q2w

After multiple doses
Conax (ng/mL) 658.391; 546.854§§§ 920.8325§§ 1160 (91)
tmax ()11 1.74; 2.218§§ 2.18§§§ 2.21 (1.70-3.30)
Clast (pg/mL) 151.101; 121.188 360.948 181 (37)
AUCg.168) (ng/h/ml) 53 500; 44200 82 800 77 400 (30)
AUC, (ug/h/mL) NC NC 123 000 (29)99(
taa (days)iii 4.06; 7.334+++ 8.25¢ 1 7.33 (5.42-8.83)
CLys (ML/h/kg) NC NC 0.163 (29)
Ra (AUQ)IT1T 1.55 1.38 1.46 (15)

+The single value is reported when n = 1; values are separated by semicolon when n = 2. in = 2 for all parameters. One patient, whose samples
were not collected for the initial 168 h, was excluded from PK analysis. §Crnax Caste AUCo 168, and AUCq 4.5 are calculated following the first
infusion (day 1) and t;/; is calculated following the second infusion (day 8) in day-1 and day-8 dosing in 21-day cycles (q3w). §n = 5. $tMedian
(range). 1{Geometric mean (range). §§n = 4. {Yn = 3. itiPatient received first infusion on day 1 and second infusion on day 8 in 21-day cycles
(g3w). fiin = 1 for all parameters. §§§Cmax tmax, and AUC_1egy are calculated following the first infusion (day 1) in day 1 and day 8 dosing in
21-day cycles (g3w). {4 Dosing interval (1) is 336 h. {111ty is calculated following the second infusion (day 8) in day 1 and day 8 dosing in 21-
day cycles (gq3w). fiftintercycle accumulation of olaratumab calculated as AUC(g_so4) (Cycle 2)/AUC o504y (Cycle 1) for 10 and 15 mg/kg (g3w)
and AUCo_336) (Cycle 2)/AUC 336 (Cycle 1) for 20 mg/kg (q2w). AUCq_1eg), area under the concentration versus time curve from zero to 168 h;
AUCo_z36), area under the concentration versus time curve from zero to 336 h; AUC_s04), area under the concentration versus time curve from
zero to 504 h; AUC._.), area under the serum concentration versus time curve from zero to infinity; AUC(_yast), area under the concentration
versus time curve from zero to time t, where t is the last scheduled sampling time point with a measurable drug concentration; AUC,, area under
the concentration versus time curve during one dosing interval; Ci.s, last quantifiable serum drug concentration; Cax, maximum observed serum
drug concentration; CL, total body clearance of drug calculated after intravenous administration; CLy, total body clearance of drug calculated
after intravenous administration at steady state; CV, coefficient of variation; N, number of patients with assessable PK; NC, not calculated; PK,
pharmacokinetic; g2w, every 2 weeks; q3w, every 3 weeks; Ra, accumulation ratio; t;,, terminal elimination half-life; tyax time of maximal con-
centration.

infusions of olaratumab 20 mg/kg q2w, were conducted Discussion

between this study of éi)ian patients and th? USp hqse I study Inhibitors of the PDGF/PDGFR axis are being sought as anti-
of non-Asian patients."” The results of this analysis are pre- cancer agents.(”’m Most of these agents are small molecule

Eeﬁted 121 FAlg[}lée 3. As shtow};n in the ﬁg&re’bthte PK }?ngmeter; TKIs that inhibit multiple kinases and have complex toxici-
5§ an © appear 1o be comparable berween Asian an ties.!121718) Monoclonal antibodies specifically targeting

non= As1an patients. However, due to the small sample size, a PDGEFR are expected to offer an advantage in terms of speci-
statistical analysis was not conducted. fici d minimizing AE
Circulating biomarkers. For PDGF-BB, all samples were below city and minimizing AES.
) ’ This is the first report of the use of olaratumab, a fully

the limit of quantitation, so no further analysis was performed. . . .
Prior to the initial olaratumab dose, the median PDGF-AA gﬁﬁzﬁ ;Sgll:R;“g?? Chllor}z;aﬁ:st;bigryme;h;;ﬁziltzag: IZn 1;lglgils

expression was 11.30 ng/mL for cohort 1, 11.00 ng/mL for antibod . . .

. . y, olaratumab has the potential to induce antibody-
;? h(%rt t2,.a?d‘l7.3t5hng/m§7 forPlc)oélgrtAi Until 2‘.‘ h fpllowmg dependent cellular cytotoxicity;(Pg) however, this has not been
) 6421?5 Hé 2us31;)n, de4g1§:81an/mL f-r ;Xri’fissmr}‘l 1§cgease d experimentally tested. This report follows an earlier report of a
0 %229, B&2), 2 -0 Ng or cohort 1, conort =, an phase I trial conducted in the United States."* In the current

;fl) h(gt 3’a fgfi?\ljzle IZha}:OgZ\;zrf thlI?qetrE:rda:fascg}jleﬁlﬁidl igi report, 16 Japanese patients with advanced solid tumors, who
¢ biomar g T Y ort at fa had not responded to standard therapy or for whom no

tme  points. When analyzed by patient, the best overall standard therapy was available, were treated with olaratumab
responses did not seem to be related to the largest change from in an open-label. dose-escalation. phase 1 trial. This study met
baseline in PDGF-AA (data not shown). P : - P ‘ Y

Cancer Sci | July 2014 | vol. 105 | no.7 | 867 © 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd

on behalf of Japanese Cancer Association.

— 243 —



Original Article
Olaratumab in Japanese patients

0.25- 180 000
@ A A 160 000
0.20 % 140000 __
o}
B A 120000 E
% 0.5 8. £
- 160 000
E oe A 2
» 80000
LAl =
(&) 60 000 g
0.05 40000 <
- 20 000
0.00 0
CLss (mbLikg) AUC (1}
Fig. 3. Comparison of PK parameters clearance and exposure

between non-Asian and Asian patients following multiple infusions of
olaratumab. Shown are Clss (circles) and AUC, (triangles) for the
20 mg/kg-every-2-weeks groups. White circles (O) = CLss, non-Asian
patients; black circles (®) = CLss, Asian patients; white triangles
() = AUC,, non-Asian patients; black triangles (A) = AUC, Asian
patients. AUC,, area under the concentration versus time curve during
one dosing interval; CLss, total body clearance of drug calculated after
intravenous administration at steady state.

its objectives to establish the safety and PK profile of olaratu-
mab.

In this trial, most AEs were mild to moderate in severity.
The most frequently reported olaratumab-related AEs were
proteinuria (25.0%) and increased aspartate aminotransferase
(12.5%). These AEs were distributed across the three cohorts,
and thus did not appear to be dose-related. There were only
two grade 3 olaratumab-related non-laboratory AEs (elevated
aspartate transaminase and tumor hemorrhage) during the trial,
both occurring in cycle 1 and in the same patient. No infusion
reactions or interruptions were reported and the majority of
patients in the safety population received a relative dose inten-
sity of at least 80%.

In this trial, no fluid retention, ascites, or edemas were
reported. The PDGFR may be involved in the control of inter-
stitial fluid pressure through PDGF-BB.?? The use of small
molecule multi-kinase TKIs that inhibit PDGFR is sometimes
associated with fluid retention,”"”'® and blockade of PDGFR
in cancer patients by a humanized, pegylated di-Fab was asso-
ciated with ascites and fluid retention.”*" Fluid retention was
not observed in our trial with selective PDGFRa blockade,
even in patients with prolonged exposure (up to 25 weeks).
This observation supports the hypothesis that PDGFRa is less
likely to be involved in the fluid retention observed with non-
specific PDGFR blockade by small molecules or with a selec-
tive PDGFRJ blockade.

In this trial, there were no DLTs and the MTD was not
reached, which is consistent with the previous US trial.'¥
Over the three dose ranges, olaratumab had an acceptable
safety profile and was well tolerated in this patient population.

Based on the PK concentration profile of olaratumab, the
trough concentrations following single and multiple doses of
olaratumab at 15 mg/kg on days 1 and 8 every 3 weeks
(cohort 3), and multiple doses at 20 mg/kg every 2 weeks
(cohort 2), were above 155 pg/mL, the concentration that was

References
1 Heldin CH, Westermark B. Mechanism of action and in vivo role of plate-

let-derived growth factor. Physiol Rev 1999; 79: 1283-316.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

www.wileyonlinelibrary.com/journal/cas

efficacious in preclinical xenograft studies."® Thus, olaratu-
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The best overall response in this trial was SD, achieved by 7
of 16 patients (43.8%). Of these seven patients, four had
tumors that were located in the gastrointestinal tract; the
remaining three patients had tumors of diverse origins. Two
patients, both in cohort 3, experienced disease stabilization
>4 months (hypopharyngeal cancer [SD = 4.2 months]) and
leiomyosarcoma of inferior vena cava origin [SD = 5.6
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In nude mice, treatment with olaratumab inhibited the
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the previous phase 1 trial,(m olaratumab has advanced to
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in combination with other agents in several tumor types.
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ARTICLE INFO ABSTRACT
Article history: Objective: The clinicopathological characteristics and surgical results of young lung cancer patients were
Received 1 August 2013 investigated.
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Materials and methods: Seven hundred and four (6.0%) patients with lung cancer, aged up to 50 years, were
enrolled from among the 11,663 patients registered in the Japanese Lung Cancer Registry Study 2004, and
their clinical data were compared with those of 10,959 patients older than 50 years. This epidemiological

Keywords: study is based on the single year registration of surgically treated patients in the major institutes in Japan.
;‘;Zg cancer Results: The 5-year overall survival rate (5Y-0S) and the 5-year lung cancer-related survival rate was
Young patients 79.2%]69.0% (p < 0.001)and 81.3%/76.6% (p = 0.005) in the young/old groups, respectively. In the young/old
Surgery groups, lobectomy and pneumonectomy was performed in 76.9%/78.0% and 5.7%/3.2%, respectively; adju-
Survival vant therapies were given preoperatively in 10.4%/4.7% (p <0.001) and postoperatively in 31.4%/24.5%
Prognosis (p<0.001). The proportions of patients with p-stage IlIA (18.2%) and adenocarcinoma histology (78.7%)

were higher in the young group. The 5Y-0S was 94.8%/86.2% for p-stage IA (p<0.001), 87.0%/73.2%
for p-stage IB (p=0.001), 61.0%/61.6% for p-stage A (p=0.595), 71.0%/48.4% for p-stage 1IB (p=0.003),
49.6%/39.4% for p-stage lIIA (p=0.020), and 80.0%/24.8% for p-stage IlIB (p=0.012); it was 83.5%/80.7%
for females (p=0.106) and 75.1%/62.3% for males (p<0.001) in the young/old groups. The postopera-
tive survival was significantly better with all operative procedures in the young group. The 5Y-0S after
recurrence was 17.9%/13.4% in the youngjold groups (p=0.016). In the young group, the 5Y-OS was bet-
ter in females (83.5%) than in males (75.1%, p=0.002), and for patients with adenocarcinoma (80.3%)
than for those with squamous cell carcinoma (68.5%, p=0.013). Age up to 50 years was identified as an

independent better prognostic factor on multivariate analysis.

Conclusions: The postoperative survival in lung cancer patients aged up to 50 years was better than that

in patients older than 50 years.

© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Lung cancer is a leading cause of malignancy-related death. The
American Cancer Society estimates that 226,160 people will be
diagnosed and 160,340 patients will die of lung cancer in the United
States in 2012 { i 1. Lung cancer occurs mainly in older people, and
fewer than 2% of all cases are found in people younger than 45
years in the USA [t} The Ministry of Health, Labor, and Welfare,
Japan, reported that 69,813 people died of lung cancer in 2010 in
Japan, and the number is still increasing. According to the Japanese
Lung Cancer Registry Study, the number of patients younger than
50 years ranged from 5.0% to 8.2% of all resected cases since 1994
{21, Because of the small size of the young population, the clinical
features of young lung cancer patients remain unclear.

Better survival of lung cancer patients in the middle-aged group
(45-60 years) as compared to the young (<45 years) or old group
(>60 years) was reported by a multicenter study {31 Several pre-
vious studies also revealed better postoperative survival rate in
the young lung cancer patients {4-&}, while other reports showed
equivalent survival outcome to the old patients {7.£1. So, the sur-
vival superiority of the young patients is still controversial in lung
cancer. Active treatment with multiple modalities was recom-
mended in young patients in association with these results, while
the study cohort included all lung cancer patients treated with
surgery, chemotherapy, and irradiation {3}. However, the clinico-
pathological characteristics and surgical results of young patients
with lung cancer have not yet been identified. Recent develop-
ments in chemotherapy and molecular targeted therapy might
contribute to prolonged survival and improvement of results with
multimodality management, especially in young patients, who are
expected to be able to tolerate active treatments.

Patients aged up to 50 years extracted from the Japanese Lung
Cancer Registry Study 2004 who underwent surgical resection
were evaluated in order to clarify their clinicopathological char-
acteristics and the results of surgical intervention in the present
study {21

2. Materials and methods
2.1. Patients

A total of 704 lung cancer patients aged up to 50 years were
extracted from among the 11,663 patients listed in the Japanese
Lung Cancer Registry Study 2004, which was conducted as a multi-
center surveillance study of patients who underwent surgery by the
Japanese Joint Committee of the Lung Cancer Registry (JJCLCR) {Z1.
JJCLCR is officially authorized by The Japan Lung Cancer Society,
The Japanese Association for Chest Surgery, The Japanese Respi-
ration Society, and The Japan Society for Respiratory Endoscopy.
Of the 605 teaching hospitals certified by the Japanese Board of
General Thoracic Surgery, 253 participated in this registry. All
patients analyzed in the present study underwent surgery in 2004
and the single year registration included the following data: (1)
demographic background (age and sex), (2) preoperative status
(Eastern Cooperative Oncology Group performance status (ECOG
PS), preoperative comorbidity, smoking status, tumor markers), (3)
clinical TNM, (4) induction therapy, (5) operative procedure, (6)
postoperative morbidity, (7) tumor histology, (8) adjuvant ther-
apy, (9) pathological TNM. The clinicopathological characteristics
and the results of surgical intervention in patients aged up to 50
years were analyzed in detail and compared to those of 10,959
patients older than 50 years. The data collected using the UICC-
TNM staging system (version 6) were converted to the UICC-TNM
staging system (version 7) to assess the extent of lung cancer
191
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Fig. 1. The overall and lung-cancer related survival rates for patients aged up to and
older than 50 years with surgical intervention. The postoperative survival rate was
significantly better in the young group.

2.2. Statistical analyses

All data were extracted and analyzed by a JJCLCR member bio-
statistician (EM). Survival after pulmonary resection was estimated
according to the Kaplan-Meier method, and survival differences
were tested using the log-rank test. The prognostic effect of
variables on survival was analyzed using the multivariate Cox
regression model with variables of sex, ECOG-PS, smoking history,
comorbidity, operative procedure, p-stage, histology, adjuvant
chemotherapy. The y2-test was used to compare the rates between
groups. A p value less than 0.05 was considered significant.

3. Results

Patients’ characteristics, with a comparison of patients aged up
to 50 years and older than 50 years, are shown in Tabie 1. The pro-
portion of females was significantly higher in the young group than
in the old group (p<0.001). Performance status (ECOG) was sig-
nificantly better in the young group (p<0.001). Smoking history
and preoperative comorbidity were significantly more frequent in
the old group (p <0.001). The operative procedure was significantly
different (p=0.013) and the rate of pneumonectomy was higher
in the young group. The distribution of p-stage showed the sig-
nificant difference, and the proportion of p-stage IB and IIA was
lower and that of locally advanced disease with p-stage IlIA was
higher in the young group as compared to the old group. The pro-
portion of histopathology was significantly different (p<0.001) and
the rate of adenocarcinoma was higher in the young group. Young
patients received both preoperative and postoperative adjuvant
therapy more frequently than old patients.

The 5-year overall survival rate (5Y-0S) was 79.2% and 69.0%
in the young and old groups, respectively (p<0.001), as shown
in fig. 1. The 30-days mortality was 1/704 (0.1%) and 47/10959
(0.4%), and the hospital mortality was 2/704 (0.3%) and 134/10959
(1.2%)in the young and old groups, respectively. The morbidity was

— 247 —



248

p-stage IA < 50 years
1.0 7
oy
:f§, 8 > 50 years
€ 6
S
o
w4
=z
S .
vi p<0.001
0 1 2 3 4 5 Years
Patients at risk
<SOvyears 331 313 310 300 282 225
>50 years 4647 4392 4141 3898 3526 2902
p-stage 1A
1.0
=z
= 8 <50 years
]
o 6
(=9
g 4 > 50 years
c
> 2
v p=0.595
1 2 3 4 5 vears

4]
Patientsat risk
<50 years 39 38 33 31 23 17

>50years 902 802 678 583 505 400
p-stage I11A
1.0
Z
= .8
LQ
8
o 6 < 50 years
&
® 4
Z > 50 years
g 2
o 3 .
n p=0.020
1 2 3 4 5 Years

g
Patients at risk
<S50 years 128
>50 years 1676

109 85 71 60 48
1338 1005 757 608 456

M. Inoue et al. / Lung Cancer 83 (2014) 246-251

p-stage IB
1.0 < 50 years
o
. \t\?\\\x\\\‘——
el
% 6 > 50 years
a
s 4
2
£ 2
&» p<0.001

1 2 3 4 5 Years

.0
Patients atrisk

<50 years 119 114 107 102 86 70
>S50 vyears 2433 2228 2007 1805 1560 1255
p-stage 118
. 1.0
= <50 years
B 8
f©
Ee]
S 6
o
2 4 > 50 years
5
2 2
p=0.003
Patients at risk O 1 2 3 4 S Years

<50 vyears 49 43 40 36 29 28

>50years 799 646 504 428 345 257
p-stage HIB
1.0
2 I
tg 8
2 6 <50 years
o .
S
& > 50 years
© 4
2
£,
p=0.012
1 2 3 4 5 Years

Patients at risko
<50years 6 6 5 5 4 4
>50 years 100 69 52 36 27 21

Fig. 2. The survival curves of patients aged up to and older than 50 years with surgery according to p-stage using UICC version 7. The postoperative survival was significantly

better in the young group for each p-stage IA - 11IB except stage lIA.

58/704 (8.2%) and 1921/10959 (17.5%) in the young and old groups,
respectively (p <0.001). When analyzing disease-specific outcome,
the 5-year lung cancer-related survival rate was 81.3% and 76.6%
in the young and old groups, respectively (p=0.005), as shown in
Fig. 1. According to p-stage, the 5Y-0S was 94.8% and 86.2% for IA
(p<0.001), 87.0% and 73.2% for IB (p<0.001), 61.0% and 61.6% for

A (p=0.595), 71.0% and 48.4% for 1IB (p=0.003), 49.6% and 39.4%
for A (p=0.020), and 80.0% and 24.8% for llIB (p= 0 012), in the
young and old groups, respectively, as shown in Fig. 2

Among male patients, the 5Y-OS was 75.1% and 62 3% in the
young and old groups, respectively (p <0.001), although there was
no significant difference among female patients and the 5Y-0S was
83.5% and 80.7%, respectively (Fig. 3). The cause of death, preoper-
ative comorbidities, smoking history, and adjuvant therapy were
examined by age and sex. Lung cancer-unrelated death was higher
(25.3%) in the old group than that in the young group (6.8%) in
males (p<0.001), while no significant difference was observed in
females. Preoperative comorbidities were frequent in the old group
in both male and female patients. Smoking history was significantly
more frequent in the old group in males, while it was less fre-
quent in females. Male patients in the young group more frequently
had both preoperative and postoperative adjuvant therapies as

compared to the old group, while no significant difference was
found in female patients.

According to operative procedure, the 5Y-0OS was better in the
young group than in the old group for all procedures: 59.1% and
42.0% for pneumonectomy (p=0.050), 79.9% and 71.7% for lobec-
tomy (p<0.001), 87.3% and 73.1% for segmentectomy (p=0.034),
and 93.5% and 65.9% for wedge resection (p <0.001), in the young
and old groups, respectively (¥ig. 4). According to histological type,
the 5Y-0S for adenocarcinoma was 80.3% in the young group which
was significantly better than 74.5% in the old group, though no
significant survival difference was observed for squamous cell car-
cinoma. The 5Y-OS after recurrence was 17.9% and 13.4% in the
young and old groups, respectively (p =0.016). In the young group,
the 5Y-0S was significantly better for female patients (83.5%) than
for male patients (75.1%, p=0.002). 5Y-0S was better for the histol-
ogy of adenocarcinoma (80.3%) than for squamous cell carcinoma
(68.5%, p=0.013).

Since the comparison of survival difference between young and
old patients might be affected by patients older than 70 years, who
are expected to have poor long-term survival, another comparison
of survival difference between patients aged up to 50 years (n=704)
and those 50-70years (n=6152), which was a young elderly cohort,
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Fig. 3. The survival curves of patients aged up to and older than 50 years with
surgery according to sex. Among male patients, the overall survival in patients aged
up to 50 years was significantly better than that in patients older than 50 years. No
significant difference was found in female patients.
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were also performed. The 5Y-0S was 79.2% and 73.7% in the young
and young elderly groups, respectively (p=0.002). According to p-
stage, the 5Y-0S was 94.8% and 90.6% for IA (p=0.022), 87.0% and
79.0% for IB (p=0.027), 61.0% and 66.9% for 1IA, 71.0% and 54.7%
for IIB (p=0.027), 49.6% and 44.7% for 11IA, and 80.0% and 27.7% for
IIB (p =0.023),in the young and young elderly groups, respectively.
These differences showed a similar tendency to have a better sur-
vival rate in the young group as seen with the comparative results
between those aged up to and those older than 50 years shown
above. However, survival after postoperative recurrence did not
show a significant difference between the young and young elderly
groups.

The prognostic factors were tested by multivariate analyses
using the variables of age, sex, ECOG-PS, smoking history, comor-
bidity, operative procedure, p-stage, histology, adjuvant therapy
(Yabie 2). Age up to 50 years was identified to be an indepen-
dent prognostlc factor with a hazard ratio of 1.451. Female, good
ECOG-PS, no smoking history, no comorbidity, early p-stage, and no
preoperative adjuvant therapy were also identified as predictors of
a better prognosis. When analyzing age as continuous variable in
multivariate analysis, age was identified as an independent pro-
gnostic factor with the hazard ratio 1.026 (CI: 1.022-1.030).

4. Discussion

The postoperative survival of young lung cancer patients
remains unclear due to their low numbers, though several studies
have been reported so far {3-7¢!. Radzikowska et al. and Minami
et al. investigated patients younger than 50 years and showed sig-
nificantly better survival as compared to old patients {4.51. Among
several studies with definition of the young group as up to 40
years, Tian et al. reported higher 5Y-0S in young patients, though
no superior survival was shown in the study by Hanagiri et al. or
by Maruyama et al. {5.7.81. In the present epidemiological study,
cancer patients aged up to 50 years who underwent surgery were
extracted from the Japanese Lung Cancer Registry Study 2004 {2,
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Fig. 4. The survival curves of patients aged up to and older than 50 years with surgery according to operative procedure. The postoperative survival was significantly better

in the young group for each procedure.
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Table 1
Patients’ characteristics.

Table 2
Results of mulrivariate analysis in lung cancer patients with surgical resection.

Age <50 years  Age>»S50years  pvalue Variables Hazard ratio  95% Confidence Interval ~ p value

Sex p<0.001 Age
Male 370(52.6%) 6999(63.2%) <50 years 1.000
Female 334{47.4%) 3960(36.8%) >50 years 1451 1.211-1.739 <0.001

PS p<0.001 Sex
0 G665 (94.5%) 8943 (81.6%) Male 1.000
1 27(3.8%) 1661(15.1%) Female 0.664 0.593-0.744 <0.001
Others 12{1.7%) 355(3.3%) ECOG PS

Smoking history p<0.001 PS 0O 1.000
No 308(43.8%) 3777(34.5%) PS 1 1.582 1.441-1.736 <0.001
Yes 334(47.4%) 6290(57.4%) Ps2 2.041 1.600-2.604 <0.001
Unknown 62(8.8%) 892 (8.1%) PS3 2.706 1.717-4.266 <0.001

Comorbidity p<0.001 Smoking history
No 562(79.8%) 7151(65.3%) No 1.000
Yes 79(11.2%) 3048(27.8%) Yes 1.150 1.026-1.289 0.016
Unknown 63(8.9%) 760(6.9%) Comorbidity

c-stage p=<0.001 No 1.000
Stage IA 420(59.7%) 5875(53.6%) Yes 1.232 1.135-1.338 <0.001
Stage IB 88(12.5%) 2700(24.6%) Operative procedure
Stage [IA 36(5.1%) 167(1.5%) Pneumaonectomy 1.000
Stage lIB 45(6.4%) 854(7.8%) Bilobectomy 1.089 0.873-1.358 0.450
Stage HIA 84(11.9%) 856(7.8%) Lobectomy 0.782 0.665-0.920 0.003
Stage 1lIB 13(1.8%) 394(3.6%) Segmentectomy 0.978 0.786-1.218 0.844
Stage IV 18(2.6%) 113(1.0%) p-stage

Operative procedure p<0.001 1A 1.000
Pneumonectomy 40(5.7% 354(3.2%) 1B 1.958 1.741-2.203 <0.001
Bilobectomy 18(2.6%) 357(3.3%) A 2.878 2.488-3.329 <0.001
Lobectomy 523(74.3%) 8184(74.7%) 1B 4.031 3.505-4.637 <0.001
Segmentectomy 42(6.0%) 770(7.0%) A 6.940 5.288-9.108 <0.001
Wedge resection 71(10.1%) 1091(10.0%) Histology
Others 10(1.3%) 203(1.9%) Pre-invasive lesion 1.000

p-stage p<0.001 Squamous cell carcinoma 1.280 0.318-5.151 0.728
Stage 1A 331(47.0%) 4647 (42.4%) Small cell carcinoma 1.961 0.481-7.994 0.348
Stage IB 119(16.9%) 2433(22.2%) Adenocarcinoma 1.166 0.291-4.682 0.828
Stage 1A 39(5.5%) 902(8.2%) Large cell carcinoma 1.721 0.425-6.978 0.447
Stage IIB 49(7.0%) 799(7.3%) Adjuvant therapy
Stage A 128(18.2%) 1676(15.3%) Preoperative No 1.000
Stage llIB 6(0.9%) 100(0.9%) Yes 1.169 1.018-1.342 0.027
Stage IV 32(4.5%) 402(3.7%) Postoperative  No 1.000

Histology p<0.001 Yes  0.923 0.850-1.002 0.055
Adenocarcinoma 554(78.7%) 7367 (67.2%) X X o
Squamous cell carcinoma 52(7.4%) 2548(23.3%) ECOQ. Elaztem Cotopgrattrlve On&ology Gm(t;p. g;i,tl?erf?;mance Status; Adjuvant ther-
Large cell carcinoma 30(43%) 357(3.3%) py includes systemic chemotherapy and radiation therapy.

Small cell carcinoma 11(1.6%) 232(2.1%)

Prgggigme adjuvant therapy 57(8.0%) 455(4.1%) p<0.001 The results of .the_prese‘nt study might indicat‘e the importance
Yes 73(10.4%) 520(4.7%) given to curative Intention over the preservatlon of pulmonary
No 631(89.6%)  10,439(95.3%) function in young patients. The superior 5Y-OS in young group

Postoperative adjuvant therapy i p<0.001 treated with a pneumonectomy in the present study could suggest
;‘;5 fé;g;'gg ;ggggggg that pneumonectomy is still a considerable option for resectable

Total 704(100%) 10,059 (100%) locally advanced disease in the young patients.

PS, Eastern Cooperative Oncology Group performance status; Smoking history,
including both current and ex-smokers; Comorbidity, including current smoking
history, obesity with BMI>30kg/m?, cerebrovascular disease, chronic obstructive
pulmonary disease, interstitial pneumonia, ischemic heart disease, renal dysfunc-
tion with creatinine> 2.0 g/dL, liver cirrhosis with Child-Turcotte classification>B,
diabetes mellitus with HbA1c > 8%, anemia with Hb <8 g/dL, and treatment for other
malignancy within a year.

and better postoperative survival was observed in these young
lung cancer patients, although the proportion of advance disease
was higher as compared to the old group. It was also found that,
among young patients, women and those with adenocarcinoma had
a better survival, which was similar to the results of all-generation
analyses [2].

The higher proportion of young patients who underwent pneu-
monectomy could imply that they were better able to tolerate
surgery, as a previous report showed similar results {%i. Pneu-
monectomy was, however, reported to increase the perioperative
morbidity in elderly patients in a case-control study | i1}, and sleeve
lobectomy, if possible, is recommended as an alternative procedure
to pneumonectomy, with lower mortality and better survivals { 1Z1.

Higher rates of both preoperative and postoperative adjuvant
therapy in the young group could reflect the higher proportion of
stage [lIA advanced disease, which is a prime indication for induc-
tion therapy {13}, in addition to the ability of young patients to
tolerate such treatment. Radzikowska et al. also reported similar
results with more aggressive treatment in young patients {41 The
rate of preoperative adjuvant therapy in the young group was more
than 2-fold that in those old group (Tabie 1). These results indi-
cate a planned active multimodal strategy in young patients with
good performance status, while the clinical effect to the survival is
unclear. Since postoperative adjuvant chemotherapy was adopted
as an evidence-based treatment in a practice guideline for lung
cancer treatment in 2005 in Japan, quoting several meta-analyses
and randomized studies | 14~ 17}, only a proportion of patients with
stage IB-IlIA analyzed in the present study had received adjuvant
therapy. Thus, it might be expected that postoperative survival in
patients with locally advanced disease has potentially become bet-
ter with postoperative chemotherapy, though further investigation
is necessary to identify the issue.

The overall survival rates for patients with stages IA, IB, IIB,
1A, and I1IB were better for patients aged up to 50 years than for
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patients older than 50 years. We added another comparison of sur-
vival between patients aged up to 50 years and those 50-70 years,
because it is expected that patients older than 70 years could have
more frequent lung cancer-unrelated death. The similar results to
the comparison between patients aged up to and older than 50
years might suggest other factors in addition to the natural aging
bias. Though we could not analyze the treatment after recurrence
in the present study, young patients with good performance sta-
tus might have more chance to receive second and third lines of
chemotherapy. Further investigation is required to clarify the clin-
ical impact on survival of the aggressive multimodality therapy in
young patients with postoperative recurrence using recent cases.

The worse postoperative survival in males older than 50 years
was probably due to the greater number of lung cancer-unrelated
deaths in that group. This cohort with more comorbidities and
smoking history could have cardiopulmonary diseases or second
primary malignancies related to tobacco exposure. The poor gen-
eral status of the old patients might also be related to the less
frequent use of adjuvant therapies. As a result, the young male
patients without comorbidity or smoking history might improve
the survival of the entire patient group. The death rate of male is
reported to be twice higher than that of female in 30-84 year-old
population by Statistics and Information Department, Minister’s
Secretariat, Ministry of Health, Labor and Welfare, Japan. Thus, such
natural biological bias might also influence to the results.

The tendency for favorable survival in female patients and in
patients with adenocarcinoma histology was the same as that
seen with all-generation analyses {2]. Bronchioloalveolar carci-
noma (BAC) showing ground glass opacity on CT scanning, which is
currently classified as adenocarcinomainsitu or minimally invasive
adenocarcinoma {78}, is generally recognized to be a slow grow-
ing, low-grade adenocarcinoma and a unique subtype related to
a never-smoking history, female sex, and Asian race { 1% Though
CT findings were not analyzed in the present study cohort, higher
proportions of adenocarcinoma and females in the Japanese young
patients’ group might change the patients’ characteristics, with
a higher rate of BAC and low-grade malignant behavior. Further
investigations including CT findings are necessary to resolve these
issues.

The present epidemiological study has several limitation and
speculation for the results. The retrospective study cannot clarify
the prognostic effect of multimodal therapy in young patients due
to the lack of data for chemotherapy regimens or molecular target
therapy. Younger age is well-known better prognostic predictor
in other malignancies and the influence of other factors except
the variables analyzed in this study cannot be completely denied.
Further prospective analyses using high volume surgically and non-
surgically treated lung cancer patients are required to clarify the
cause for the better prognosis of young patients treated surgically.

5. Conclusion

In conclusion, surgically treated young lung cancer patients
showed the highest rate of locally advanced disease and received

active multimodality therapies. Their postoperative survival was
better than that of patients older than 50 years, and age was
identified as an independent better prognostic factor. Even when
comparing cancer-related survival, the outcome was significantly
better in young lung cancer patients.
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Abstract

OBJECTIVES: A new pathological classification for pre- and minimally invasive adenocarcinoma has been established, with distinction
prior to surgery crucial because of the extremely good prognosis.

METHODS: Of 412 patients who underwent surgery for lung cancer from 2008 to 2011, 110 classified as c-stage | had each of the following
four parameters assessed for predictive power for pre- or minimally invasive adenocarcinoma and relapse-free survival (RFS): (i) whole tumour
size (WS) shown by computed tomography (CT) , (ii) size of the solid (SS) component in CT findings, (iii) maximum standard uptake value in
fluorodeoxyglucose positron emission tomography (FDG-PET)/CT scan images (SUVy,,) and (iv) serum level of carcinoembryonic antigen.

RESULTS: For prediction of pre- or minimally invasive adenocarcinoma, the area under the receiver-operating curve was >0.7 for all the
four parameters, while only SS was found to be an independent factor in multivariate logistic regression analysis. In Cox proportional
hazard model analysis, SS and SUV ., were statistically significant, and SS was exclusively independent in multivariate analysis. Differences
in RFS between T1a and T1b were more pronounced when using SS compared with WS. In the sub-classification of T1a, we used a break-
point of 1.0 cm in SS (T1a-c and T1a-B), which resulted in a 2-year RFS rate of 1.00 for T1a-o (n=21), 0.89 for T1a-f (n=27) and 0.68 for
T1b (n=26) (P=0.002 between T1a-f and T1b).

CONCLUSIONS: The SS parameter was useful to distinguish pre- and minimally invasive adenocarcinoma from other types of lung cancer,

and set a T1a sub-classification.

Keywords: Non-small-cell lung cancer - Computed tomography - Invasive adenocarcinoma * SUV,,., * Carcinoembryonic antigen -

Surgery

INTRODUCTION

Among patients with lung cancer who undergo surgery, the pro-
portion of those with an adenocarcinoma or small lesions has
been increasing, while the prognosis of clinical stage |
non-small-cell lung cancer (NSCLC) has improved [1]. The histo-
logical classification of pulmonary adenocarcinoma has been
revised according to the extent of invasiveness, such as pre-, min-
imally invasive and invasive {2], and is similar to the method used
to calculate tumour size in breast cancer [3]. This is because the
prognosis of pulmonary adenocarcinoma is well distinguished
by the amount of invasion [2], which dominantly appears as a
solid region in computed tomography (CT) findings, contrary to
the ground glass opacity (GGO) appearance of a lepidic adenocar-
cinoma [2, 4]. In addition to CT findings, other clinical parameters
including maximum standard uptake value (SUV,) in fluoro-
deoxyglucose positron emission tomography (FDG-PET) images
[5] and serum carcinoembryonic antigen (CEA) level [6, 7] are

used as predictors of aggressiveness and/or prognosis in cases
of NSCLC. Therefore, it is crucial to evaluate those clinical para-
meters prior to surgery in order to distinguish patients with a pre-
or minimally invasive adenocarcinoma, because of the extremely
good survival [2].

MATERIALS AND METHODS

Of 412 patients with lung cancer who underwent surgery from
2008 to 2011 at Osaka University Medical Hospital, 110 classified
as clinical stage | underwent a segmentectomy or lobectomy
(video-assisted thoracic surgery in 72 cases) with removal of
lymph nodes, which was greater than the minimal requirement
noted in Union for International Cancer Control (UICC) Tumor
Node Metastasis (TNM) classification ver. 7, which states the fol-
lowing: 'Histological examination of hilar and mediastinal lympha-
denectomy specimens(s) will ordinarily include 6 or more lymph

© 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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nodes/stations. Three of these nodes/stations should be medias-
tinal including the subcarinal nodes and 3 from NT nodes/stations’
[3]. The number of lymph nodes removed ranged from 6 to 31,
with a median of 20. The tumour histology of the p-N2 cases
varied (invasive adenocarcinoma n =3, squamous cell carcinoma
n=1 and pleomorphic carcinoma n=1). Cyto-pathological
staging of the affected lymph nodes was not performed prior to
surgery, and thus clinical staging was accomplished mainly using
CT and FDG-PET findings. In these cases, each of the following
four parameters was assessed for their predictive power for pre-
or minimally invasive adenocarcinoma and relapse-free survival
(RFS): (i) WS shown by thin section CT, (ii) size of the solid (SS)
component in CT findings, (iii) SUVay in FDG-PET/CT scan find-
ings (SUVmax) and (iv) CEA (Tables 1 and 2). For the WS parameter,
the size (mean = standard deviation (SD)) according to tumour
histology was 2.9+ 1.0 cm for adenocarcinoma and 3.1+1.3 cm
for non-adenocarcinoma. There were no missing data for any of
the four parameters. Representative appearances in thin-sliced CT
are shown in Fig. 1. The pathological diagnosis of each tumour
was defined according to clinical records, except for adenocarcin-
oma lesions that required rediagnosis according to the new classi-
fication [2], which was performed by a pathologist (E.M.). Adjuvant
therapy was carried out in 17 cases (oral administration of
tegafur-uracil for pathological stage 1B in 9, platinum doublet for
pathological stage Il or 1l in 8).

The follow-up periods ranged from 12 to 44 months, with a
median of 23 months. In the follow-up examinations, all the
patients were evaluated at 3-month intervals, which included a
physical examination, chest X-ray and blood tests including
tumour markers, while additional thoraco-abdominal CT scans
were generally performed at 6-month intervals. During the follow-

" up period, cancer relapse occurred in 19 cases ( pathological stage
IAin 9 cases, IBin 6, 11Ain 2,1lIAin 1,and Vin 1), which included
local recurrence in 8, distant recurrence in 6, local plus distant re-
currence in 5 and death in 8 (original lung cancer in 6, heart attack
in 1 and suicide in 1).

Assessment of prediction of pre- or minimally
invasive adenocarcinoma

The area under the curve (AUC) of the receiver-operating curve
(ROC) was calculated using JMP 9 (SAS Institute Japan, Tokyo,
Japan) for WS, SS, SUVmay and CEA. In addition, the relative risk
(RR) of the four parameters was calculated by logistic regression
analysis, while multivariate analysis was performed using variables
that showed statistical significance in the individual analysis using
StatView 5.0 (HULINKS, Tokyo, Japan).

Assessment of survival

RFS was defined as the period from the day of initial surgery to
the day of relapse shown in clinical findings (primarily radiog-
raphy). Survival curves were figured with the Kaplan-Maier
method and a log-lank test was used to assess statistical signifi-
cance. The hazard ratio (HR) was calculated using Cox proportion-
al hazard model analysis and multivariate analysis was performed
using variables that showed statistical significance in the individual
analysis. These analyses were done using StatView 5.0 (HULINKS,
Tokyo, Japan).

Table 1. Patient characteristics

Total number 110
Gender
Male 63
Female 47
Age in years
Median 69
Minimum 40
Maximum 88
Mean + SD 67.8+9.8
Tumour histology
Adenocarcinoma 81
preinvasive 8
Minimally invasive 12
Invasive 61
Squamous cell carcinoma 23
Other 6
GGO status by CT
Pure GGO 4
Mixed GGO 33
Pure Solid 73
c-T factor
Tla 26
Tib 38
T2a 41
- T2b 5
. c-stage
A 72
1B 38
p-T factor
Tla 38
Tib 31
T2a 39
T2b 0
T3 2
p-N factor
NO 102
N1 3
N2 5
p-M factor
MO 109
Mla 1
p-stage
1A 64
1B 35
1A 2
1B 3
HA 5
: I\ 1
~ Operation
~ Lobectomy 103
Segmentectomy 7

f atypical adenomatous hyperplasia.
aclty, CLscomputed tomogtaphy,

- *There were no cases
. GGO:gro d;fglass‘”o‘p

This retrospective investigation was approved by the institution-
al review board of Osaka University Medical Hospital.

RESULTS

RFS curves for pre- or minimally invasive
adenocarcinoma

The present pre- and minirﬁal]y invasive cases had 100% RFS, con-
firming extremely good prognosis (Fig. 2).
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Prediction of pre- or minimally invasive
adenocarcinoma

For prediction of pre- or minimally invasive adenocarcinoma, the
AUC of the ROC was >0.7 for all the four parameters (0.80 for WS,
0.95 for SS, 0.91 for SUVay and 0.70 for CEA) (Fig. 3). In logistic
regression analysis, each parameter was statistically significant
(Table 3), while SS was exclusively independent in multivariate ana-
lysis (Table 4).

Table 2: Variables examined as clinical ‘progno,s'tic‘
indicators L o

WS (n=110)

Median 26

Minimum 0.9

Maximum 6.6

Mean + SD 28+11
S5 (n=110)

Median 2.2

Minimum 0

Maximum 6.6

Mean +SD 2414
SUVynax (1= 110)

Median 29

Minimum 0

Maximum 206

Mean * SD 42:40
CEA(n=110)

Median

Minimum

Maximum

Mean + SD

imour i e of the solid comp
stand e in FDG-PET/CT |

RFS based on clinical-T classification using WS or SS

When analysing survival, SS provided a better distinction between
T1b and T2a compared with WS. In our assessment of RFS accord-
ing to clinical T classification based on WS, the 2-year RFS rate was
89% for T1a (n = 26), 79% for T1b (n = 38), 78% for T2a (n = 41) and
80% for T2b (n=5). There were no statistically significant differ-
ences between any neighbouring groups. As for assessment of RFS
according to clinical T classification by SS, the 2-year RFS rate was
95% for T1a (n = 48), 68% for T1b (n = 26), 72% for T2a (n = 32) and
75% for T2b (n = 4). There was no statistically significant difference
between any neighbouring groups, except between T1a and T1b
(P=0.002).

In the sub-classification T1a, we used 1.0 cm as the breakpoint
to provide a suitable sensitivity of 0.91 and specificity of 0.85 for

wﬂ_\ﬁﬁu&-—‘

e 1

Pre Min

.64 Non-Ad

ACTUARIAL RELAPSE FREE SURVIVAL
S

2
0 -
0 .5 1 L5 2 25 3 35VEAR
Patients at risk
Pre. 8 8 8 7 6

Min 12 12 12 11 10
inv 61 56 52 40 22
Non-ad 29 26 24 15 i1

Figure 2: RFS curves according to histology type. Pre: preinvasive adenocarcin-
oma (n=8); Min: minimally invasive adenocarcinoma (n=12), Inv: invasive
adenocarcinoma (n = 61); Non-AD: non-adenocarcinoma (n = 29). The 2-year
RFS rate (95% CI) was 1.00 (1.00-1.00) for Pre, 1.00 (1.00-1.00) for Min, 0.79
(0.67-0.91) for Inv and 0.74 (0.54-0.94) for Non-AD.

N 0O N
oo o

Figure 1: Representative appearances of pure GGO lesion (A), GGO with solid component lesion (B} and pure solid lesion (C) in thin-sliced CT. Whole size of the
lesion is 1.8 cm in (A), 2.8 cm in (B) and 2.8 cm in (C), and size of the solid component is 0 cm in (A), 1.5 cm in (B) and 2.8 cm in (C).
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Figure 3: Receiver-operating curves. The AUC was 0.80 for the entire size of the tumour in CT findings (A), 0.95 for the SS (B}, 0.91 for SUV a in FDG-PET)/CT images
(C) and 0.70 for serum level of CEA (D).

 Table
Variables Univariate Multivariate
RR 95% Ci P-value RR 95% Cl P-value
WS (n=110) 0.217 0.095-0.497 0.0003 0.377 0.105-1.351 0.1
SS(n=110) 0.051 0.013-0.198 <0.0001 0.067 0.011-0.421 0.004
SUVmax (n=110) 0.239 0.108-0.529 0.0004 0.725 .0322-1.631 04

CEA (n=110) 0.647 0.443-0.957 0.03 0.702 0.440-1.119 0.1

i thetumour nCT; SS: & of the solid componen in CT; 5LV, :maxim\jmkstanda’rd' valtie i PET/CT;mages CEA serumlevel
/onic ,nt!gen €} towﬁdéncézrtewal : : . i o o .

hazards model analysis for disease-free survival

Table 4: Results of Cox prdpohséha

Variables Univariate Multivariate

HR 95% Cl P-value HR 95% Cl P-value
WS (n=110) 1.397 0.089-1.908 0.2
SS(n=110) 1574 1171-2.115 0.003 1434 1.006-2.044 0.04
SUVmax (n=110) 1.123 1.035-1.219 0.005 1.063 0.959-1.178 0.2

CEA (n=110) 1.006 0.948-1.066 0.9

'kWS whole size of the tumour in CT; SS: size of the sohd component in CT SUVmax maxqmurn standard uptake va¥ue in FDG PET/Cl' xmages CEAEk serydyr',n kikeve'l"
of camnoembryomc antxgen HR hazard ratao Cl conf dence mterval : ‘ S
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.81 Tia-p
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ACTUARIAL RELAPSE FREE SURVIVAL
=
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0 .5 1 1.5 2 2.5 3

Patients at risk
Tia-o 21 20 18 16 i1 3 0
Tia-§ 27 27 27 18 12 3 0
Tib 26 22 20 14 g 3 ¢}

Figure 4: RFS curves according to clinical T1 sub-classification. T1a-o, SS< 1.0
cm (n=21); T1a-B, SS< 2.0 cm (n=27); T1b, SS < 3.0 cm (n=26) in CT findings.
The 2-year RFS rate (95% Cl) was 1.00 (1.00-1.00) for T1a-c, 0.89 (0.74-1.04) for
T1a-B and 0.68 (0.48-0.88) for T1b. There was a statistically significant differ-
ence between T1a-Band T1b (P = 0.002).

T Y

3.5 YEAR

the SS parameter (T1a-o and T1a-B) (Fig. 4). As a result, the 2-year
RFS rate was 1.00 in the TT1a-o group (n=21), 0.89 in the T1a-B
group (n=27) and 0.68 in the T1b (n=26) group (P=0.002
between T1a-B and T1b).

DISCUSSION

Pre- and minimally invasive are known to be associated with scant
cancer spreading and a very low chance of recurrence following
surgery [2], and thus, prediction of such histology type is crucial
for important decisions related to surgical treatment. In this inves-
tigation of clinical parameters reported to be predictive indicators
of cancer spread and recurrence, we found that SS, which indi-
cates the SS, was an independent predictor and indicated a sub-
classification of T1a.

At present, the entire tumour size without exclusion of the GGO
region in CT findings is employed for detecting the clinical T factor
[3]. However, the GGO region corresponds to the lepidic compo-
nent of an adenocarcinoma and possesses a very low level of inva-
siveness, and thus has a very low chance of causing cancer relapse
[8]. Okada et al. [9] reported results of a multicentre prospective
study and showed that SUV,,a and bronchioloalveolar carcinoma
ratio, tumour disappearance rate and GGO ratio mirrored the
pathological aggressiveness of tumour malignancy, nodal metasta-
sis, recurrence and prognosis. In addition, Tsutani et al. [10] found
that cases with a pure solid adenocarcinoma had inferior prognosis
compared with those with a mixed GGO adenocarcinoma, though
when SUV . and solid component size were matched, the differ-
ences in pathological prognostic parameters and disease-free survi-
vals between patients with solid and mixed tumours disappeared.
Those results led us to consider SS as an effective parameter for
tumour invasiveness and prognostic factor, in addition to SUV yay.

Some have reported that SUV,,,,, is a predictive indicator of the
aggressiveness of pulmonary carcinoma as well as prognosis [5, 11,
12], even though SUV .y is difficult to calculate with GGO lesions
[5] and underestimated in small tumours [13]. The strong clinical
implication of SUV a noted above [9, 10] may be due to use of an
absorption revision technique for small lesions. In the present
study, SUVnax Was shown to be a predictive indicator of pre- and
minimally invasive adenocarcinomas as well as poor prognosis,

though it was not found to be an independent factor. This may
have been because our specimens included a large number of
lesions with SS <1 ¢cm and we did not employ an absorption revi-
sion technique. Tsutani et al. [10] reported the clinical usefulness
of both SS and SUVnax using an absorption revision technique for
patients with a large number of exclusive pulmonary adenocarcin-
oma tumours. However, that technique is not universally applied.

Tumour markers are also predictive indicators of the aggressive-
ness of pulmonary carcinoma and patient prognosis [14], with CEA
the most frequently employed. Sawabata et al. [15] reported a
concept that used a sub-normal level of less than half of the
maximum point of normal and showed that a low serum CEA level
can be useful clinically to predict prognosis. Their observations
may indicate a relationship between serum CEA and adenocarcin-
oma invasiveness. In the current study, serum CEA level was
shown to be a predictive indicator of a pre- or minimally invasive
adenocarcinoma, even though serum CEA levels were normal in a
large number of our patients.

We performed an intentional segmentectomy procedure in
cases with small peripheral GGO dominant lesions and that on an
emergency basis in high-risk patients. In all cases, sufficient
tumour margin distance and negative margin cytology are man-
dated based on a concept of previous reports [16-18].

For the present study, we used the clinical parameters: entire
size of the tumour in thin section CT findings, SS in CT findings,
SUVax In FDG-PET/CT findings and serum level of CEA, as they
have been reported to be predictive factors of tumour aggressive-
ness and prognosis. Among those, only SS was shown to be an in-
dependent predictive factor of pre- or minimally invasive (RR,
0.067; 95% Cl, 0.011-0.421 and P-value, 0.004 in multivariate ana-
lysis), and chance of recurrence (H.R., 1.434; 95% C.l., 1.006-2.044
and P-value, 0.04 in multivariate analysis).

Since this is a retrospective clinical investigation with a limited
number of patients and the observation period was rather short,
there are some limitations that must be seriously considered.
Above all, care should be taken with assessing prognosis using
only RFS. In addition, analysis of RFS using a specific T factor or
1.0 cm as the breakpoint for solid portion size may not show a sig-
nificant distinction between RFS curves. Therefore, additional ana-
lysis of a greater number of patients is mandatory prior to
establishment of a classification. Although this is a very crucial
limitation of this study, we consider that our findings may be
helpful for a future prospective investigation.

In summary, in our assessment of surgical patients with clinical
stage | NSCLC, the SS showed high potential to distinguish pre-
and minimally invasive adenocarcinoma from other types of lung
cancer, and may provide important information for a sub-
classification of T1a.
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