Walauda et al

American Journal of Clinical Oncology » Volume 00, Number 00, B8 2013

We divided the sensitive-relapse SCLC patients into 2
groups according to the second-line chemotherapy regimen,
The “rechallenge” growp comprised patients who received
rechallenge chemotherapy, which is defined in this study as
retreatment with the same induction tegimen. The “other”
group comprised patients who received regimens other than
rechallenpe chemotherapy, including monotherapy such as
amrubicin or itinotecan,

Evaluation and Statistical Analysis

We evaluated tdmors according to the Response Evaluo-
ation Criteria in Solid Tumors by performing computed
tomography of the chest and abdomen, and magnetic reso-
nance imaging of the head and a bone scintiscan,1? Alj patients
were evaluated every 2 cycles or every 2 months, All cate-
gorical variables were analyzed by %2 test or the Fisher exact
test, es appropriate. Clinical evaluation of progressicn-free
survival (PFS) and overall survival (0OS) after the start of
second-line chemotherapy was conducted by the Kaplan-Meier
method to assess the time of recurrence or death, The Jog-rank
test was used to compare cumulative survival in each group.
We asgessed toxicity by National Cancer Institute Common
Toxicity Criteria, version 2.0. All P values were reported as 2
sided, and values <0.05 were considered statxsucally sig-
nificant, All statistical analyses were performed using JMP
version 9.0 (SAS Institzte Inc., Cary, NC).

The study protocol was approved by the Institutional
Review Board of the Shizuoka Cancer Center.

TABLE 1, Sensitive-Relapse* SCLC Patlent Characteristics for
Rechiallenge Group and Other Group

Other Groap

Rechallenge Group
(n=19) n=46) P
Age gt second-line chemotherapy (¥) 024
Median 69 655
Range 51-83 43-80
Sex {n L) . .14
Male 17 (89) 34 (74)
Female 2{11) 12 {26)
P8 at recurrence [n (%)) 033
0-1 18 (95) 40 (87)
2-4 1(5) 6 (13)
Disease extent at dingnosis fn (%)) . 020
D 12 (63) 21 (46)
ED EEYS) 25 (54)
Chemoradiation [n (%)) ’ 8,77
Yes 5 (47) 20 (43}
Neo - 10 (53) . 26 (57
" “Prophylactic cranial irradiation {n (%] 0.0%
Yes 7(37) 8 (17
No 12 (63) 38 (83)
Response to first-line thcmpy [n (%)) 0.88
CR/PR 18 (95) 44 (96)
SD/PD 1(5)- 2{4)
Treatment-free interval (mo) 0.01
Median 7.1 4.8
Range 3.1-39.2 3.0-8.7
*Defined as TFI 2 96 days.,

CR, indicates cmnp)mmpunse ED, extended disedse; LD, limited disenss;
PD, progressive discase; PR, partial response; PS, performance status; SCLC,
smel} cel] fung cancer; SD, stable disease; TPL, tregtment-free interval,

RESULTS

Patient Characteristics

Of the 65 sensitive-relapse SCLC patients who received
second-line chemotherapy, 19 were placed in the rechallenge
group and 46 in the other grovp, including 21 patients treated
with smrubicin. The sensitive-relapse patient characteristics
are listed in Table 1. No significant differences in age, sex,
ECOG performance status at relapse, disense extent at diag-
nosis, or response to first-line treatment were found between
the 2 groups. PCI was more frequent in the rechallenge group.
TFI was siguificantly longer in the rechallenge group than in
the other group, In the rechallenge group, etoposide and plat-
inum were uwsed in 68% of the patients as second-line che-
motherapy. In the other gronp, 46% of the patients were treated
with amrobicin, and 11% were treated with topotecan
(Table 2).

Both groups inchuded 11 ex-sensitive-relapse patients;
their characteristics are listed in Table 3. There were also no
significant differences in patient characteristics and response to
first-line treatment.

Response

Response to second-line chemotherapy in sensitive-
relapse and ex-sensitive-relapse SCLC patients is shown i
Table 4. In the senmtive«relapse patients, there was no sig-
nificant difference in response between the rechallenge group
and the other group (ORR: rechallsngc group 37% vs. other
group 44%, P=0,62), ORR in patients treated with amrubicin
was 38% and was not sipnificently different compared with
the rechallenge group (P=0.93). In the ex-sensitive-relapse
patients, there was also no significant difference in ORR
between the 2 groups (rechallenge group 46% vs. other group
55%, P=0.67).

PFS and OS

In the sensitive-relapse patients, there was no significant
difference in OS from the start of second-line chemotherapy
between the 2 proups (MST: rechallenge group 14.4mo vs,

TABLE 2, First-Line and Second-Line Chemotherapy of Sensitive-
Refapse* SCLC Patients in Rechallenge Group and Other Group

Rechallenge Group Other Gronp
(n=19) (n=46)
First-line chemotherapy [n (%)} '
Cisplatin and 7(3 20 {43)
etopaside
Cerboplatin and 6 (32) 10 (22)
gtoposide
Cisplatin end 6 (32) 14 (30)
irinotecim
Other 2 (%)
Second-Tine chemotherapy {n (%}]
Cisplatin and 7 (36) 1(2)
etoposide
Caxboplatin and 6 (32) 28
etoposide
Cisplati and 6(32) LE(1)]
irinotecan .
Asmrabicin i 21 (46)
Irinotecan ] 106 (22)
Topotecan , 0 511
Other 0 7 (15)

*Defined 15 TF1 2 90 days.
SCLC indicates small cell Jung cancer; TFI, treatment-fres fnterval.
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TABLE 3. Ex-Sensitive flelapse SCLC Patient Characteristics In
Rechailenge Group and Other Group

Rechallenge Group Other Group
T (a=11) {(o=11) p
Age at second-line chemotherapy (y) 0.72
Median 69 54
Range 5279 48-79
Sex [n (%)] ' 0286
Male 16 (1) 8 (73)
Female 1{5) 421
PS§ at recurrence [n (%)] 0.26
0-1 10 (91) 8 (73)
24 1(9) 31N
Disease extent at diagnosis [n (%)) 0.65
LD 8 (73) 7 (64
ED 1027 4(36)
Chemoradiation [a (%)) 037
Yes 8 (73) 6 (55)
No 32N 5 (45)
Prophylactic cranial iradistion [n ¢.19
(%))
Yes 5(45) 3@n
-No 6 (55} 8(73)
Response fo firgt-line therapy [n (%)) 023
CR/PR 11 (1003 10 (91)
SD/PD ’ 0(0) 19
Treatment-frez interval {mo) 0.02
Median 268 207
Range 182-1176 6.0-262
*Defined ns TFI 2 180 days.

CR indicates cormsplets response; ED, extended diseaze; LD, limited diseass;
PD, progressive discnee; PR, partial respomse; PS, performance satos; SCLC,
small call lung cancer; SD, stable disease; TFL, treatment-free interval,

other group 13.1mo, P=0.51) (Fig. 14). There was also na
significant difference in PFS (median PFS 5.6 vs. 4.9mo,
P=0.15) (Fig. 1B). In the patients treated with amrubicin,
MST was 12,6 months and median PFS was 4.6 months.
Comparing the rechallenge group with the patients treated with
amrubicin, there were algo no significant differences in OS and
PFS (Figs. 24, B).

In the ex-semsitive-relapse patients, there was no sig-
nificant difference in OS from the start of second-line che-
motherapy between the 2 groups (MST 15.7 vs. 26.9mo,
P=0.46} (Fig. 3A). There was also no significant difference in
PES (median PFS 7.8 vs. 4.9 mo, P=0.63) (Fig. 3B).
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FIGURE 1. (A) Overall survival and (B) progression-free survival in
sensitive-relapse SCLC patients in the rechallenge chemotherapy
group and other regimen group. SCLC indicates small cell tung
cancer,

Safety

Toxicity was evaluated in both group patients. The most
common .prade 3 or worse adverse events were hematologic
toxicity and included neutropenia (rechallenge group 94% vs
other group' 61%, P=0.02), thrombocytopenia (rechallenge
group 26% vs. other group 22%, P=0.76), and anemia
(rechallenge group 10% ve. other group 26%, P=0.29), Febrile
neutropenia was noted in 3 rechallenge group patients (16%)
and 2 other group patients {4%). No patients experienced
nonhematologic toxicities worse than grade 3,

DiSCUSSION
This study could not show the supmonty of rechalienge
chemotherapy over other regimens in sensitive-relapse SCLC
patients, As TFI is a prognostic factor,)»™ we analyzed
treatment efficacy after adjusting the value. Although TFI was

TABLE 4. Response to Second-Line Chemotherapy in Sensitive-Relapse and Ex-Sensitive-Relapse SCLC Patients

Sensitive Relapse (TFI > 90 d) [u (%))

Ex-Sensitive Relapse (TFI > 180 d) [n (%)]

Rechallenge Group Other group Amrubicin Rechallenge Group Other Group
Ck 1(5) 0 ) 0 (0) 1(9) 0 (0)
PR 6(32) 20 (44) 8(38) . 437 6 (55)
Sb 9 (47) 17 (37) 7(33) 327 327
PD ©0() 9 (19) 6 (29) 0 (0) 2(18)
NE 3 (16) 0 0 (0) 327) 0 (0)
ORR (%) 37 44 38 46 55
95% CI 1958 30-57 20-.59 2172 28-78
P —_ 0.62* 0.93* — 0.67*

aved with the rechallenge

proup.
95% Cl indicates 95% confidence interval; CR, complets response; NE, not evaluable; ORR, overall responss rmn. PD, progresaive discase; PR, partial response;

SCLC, small cd“ungcmSD.smb}edmc,m,mtmmtﬁwmwwaL
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Figure 2, {A) Overall survival and {B) progression-free survival in
sensitive-relapse SCLC patients In the rechallenge group and
those taking amrubicin in the other group, SCLC indicates small
cell lung cancer,

significantly longer in the rechallenge group than in the other
group, -techallenge chemotherapy did not show significant
differences in ORR, PFS, or OS compared with the other

chemotherapies. In our sdy, neutropenia was more frequently .

abserved in rechallenge group. Because s cure cannot be

expected in relapsed SCLC, the purpose of second-line.
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Figure 3. (A) Overalt survival and (B) progression-free survival in
ex-sensitive-relapse SCLC patients in the rechallenge group and
other group. SCLC indicates small cell lung cancer.
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chemotherapy is improvement of progoosis and quality of
Jife.!> When quality of life and treatment results are taken into
account, less toxic monotherapy may be reasonable.

Moreover, in comparing amrubicin with rechallenge
chemotherapy, similar results were obtained. In the rechallenge
group in this study, ORR was 37% whereas in previous reports
it was 50% to 62%.® In this study, median TFI in rechallenge
chemotherapy was 20 weeks, but in previous reports it wes 30
to 34 weeks. These results suggest that the difference in TFI
might have led to the difference in ORR.

At this time, clinical evidence of second-line chemo-
therapy for relapsed SCLC patients is limited, The number of
randomized tdals is small, and topotecan is the only estab-
lished drug*® Amrubicin is a synthetic 9-amino-anthracy-
cline, which showed response rates of 50% to 53% in 2 phase
I trals.’!7 In phase I trials comparing topotecan with
amrubicin, the efficacy of amrubicin was promising, % On the
basis of the resnlts, a phase III trial was conducted.*! However,
this trial was unable to show the superiority of ararubicin over
topotecan. MST with amrubicin was 9.2 months compared
with 9.9 months with topotecan (P=0.62; HR, 0.88).

Although several guidelines recommend rechallenge
chemotherapy for sensitive-relapse SCLC patients, the rec-
ommendation is not based on randomized trials. In addition,
the reported induction chemotherapy regimens were not plat-
inum based. Garassino et al'® evaluated the clinical outcomes
of SCLC patients who received second-line chemotherapy
after platimum-etoposide chemotherapy. In their report, plati-
num-based rechallenge showed significant better results in
ORR and OS than other chemotherapy regimens for sensitive-
relapse and refractory-relapse SCLC patients. A platinum-
containing regimen showed better results indspendently of the
time to second-line therapy. However, there it a difference in
subjects between our study and Garassino’s report. We eval-
usted only sensitive-relapse SCLC patients. In addition, 46%
of the patients received amrubicin in our study, whereas 44.8%
of the patients received anthracycline-based regimens such as
CAYV in Garassino’s report.

Our study had several limitations. First, the sample size
was small and the timing of response assessment was decided
by each physician; which might have resulted in variance of
ORR and PFS. Second, we did not assess the influence of PCI,
which is known to improve the proguosis.!® Although the
patients in the rechellenge group received more frequent PCI,
there was no significant difference in ORR, PFS, or O8
between the 2 groups. However, there are 2 fow reporis that
evaluated the rechallenge chemotherapy for sensitive-relapse
SCLC patients with the currently standard regimen.

In conclusion, superiority of rechallenge chemotherapy
over other chemotherapies could not be demonstrated. The
results suggest that monotherapy, mch ae amrubicin, mey be
reasonable as second-line chemotherapy for sensitive-relapse
SCLC patients.
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Abstract:

“S0LG whio wére tieated with ¢
-anhd tumor respanse with OS.y

1 RESULTS! Spearman raj

OBJECTIVES: The effects of first-line chemotherapy on overall survival (OS) might be confounded by subsequent
theraples in patients with smail call lung cancer (SCLG). We'examined whether prograssion-free survival (PFS),
post-progréssion survival (PPS), and tumor-response could be valid surragate erdpoints for OS after firstline
chemotherap;es for- pailents with-extensive SCLGC Using indlv!dua?-level data,

METHODS ‘BetWeen September 200 and:November2012, we analyzed 49 casos of patients with ‘extensive
rst-line.chematherapy. The, relationshrps of PFS, PPS,
‘_\ndual teve!

ar regression analysis showed mat PPS was strongly

.R?=0.24), and tumor shrink:

.| were hoth significantly agso

10: 4103'1817*1737 146885

correlated with OS {r= 0.

to second-line treatment, a;

GONCLUSION: PPSs a po
that subsequennreaimem aftel

Key words: - -

S was moderately cofrelated with OS (r= 0.88, p < 0.05,
ith OS {r=0.87, p< 0,085, R*=0.13), The best response
.mployed aﬂer progression beyond hrst-hne chemolherapy

atients with extensive SCLG, Our ﬁndings also suggest
n following first-fine chemothetapy may greatly influence OS,

Extensive small cell lung cancer, overall sumval post-progression suwtva! progression~free survival, tmor

response

- Lung cancer:is one of the leading causes of

cancer-related mortdlity worldwide. In 2007,
1.3 :million people were diagnosed with lung
cander; 15-20% of whom wete found to have small

1| icell lung cancer {SCLC).14 Overall survival (OS)
. | s considered the mostreliable endpoint in cancer

. stuches, and-when studies -can be conducted
to adequately assess survival, it is usually the -
| preferred endpoint? OSis a precise endpoint; is

‘| easy to meastire, and can be documented by the
| date of death. Surtogate endpoints such as tuimior -
+| response and progression-free gurvival (PFS) -
11 arealso-useful endpoints for phase I oncology
‘dliniedl trials because they can be measiited

earlier:and more conveniently. Events for these

| surrogateendpoints occur.more frequently than
‘do events for the main.endpoints of interest,
| whichate referred to a the true endpomts.

| The effects of first-line cheniotherapy on'OS

might be confounded by sibsequent therapies.

_Annals of Thoracic Metlfcine - Vol 10, Issue 1, January-March 2015
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Indeed, PFS improvements do not necessarily
result in an meroved OS, as shown by recent
randomized trials in patients with nan-SCLC
(NSCLC)H In recent years, a growing number
of active compounds‘have become available
as. second- or third-line chemotherapy for
brez}st, oyarian, ; and colorectal cancers®?, as

well as. advanced NSCLC However, with
. respect to ‘the treatment of SCLC, first-line

chemotherapy is often benefictal for patients with

.. poor. performance status (PS), in contrast thh
-NSCLC cases, albeit at the risk:of serious toxic
‘effects. SCLC s a distinet clinical and histological

entity within the range of Jung cancers. Only a
few drugs-are available for its treatment, and
fopotecan is currenily the only drug-approved
for the treatmeént of relapsed SCLC patients.in
‘the United States, B9 Second-line treatment is

-anvoption in only a few patents, owing to rapid

disease progtession and poor FS.

61
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Although PES following first-line chemotherapy has not been
validated as a surrogate endpoint for OS, post-progression
survival (PPS) has been shown to be strongly assoclated with
OS after first-line chemotherapy for advanced NSCLC 1
Furthermoreg, ithas been suggested that OS canbe approximated
as the sum of PPS and PFS,! Very few novel anticancer drugs
have become available for extensive SCLC, and the relationship
between PPS and OS in extensive SCLC remains unclear.

At the level of the individual patient, it is of interest to assess
the effect of therapy administered after disease progression
on survival, The validation of surrogate measures for OS
after first-line therapy in individual patients with advanced
NSCLC has been reported previously.™ Further, the surrogate
endpoint sometimes does not reflect the primary endpoint.
The significance of PPS in SCLC also remains unclear at the
level of the individual patient. Therefors, it is important to
establish whether PES, PPS, or tumor response could be valid
suxrrogate endpoints for OS after first-line therapy in patients
with extensive SCLC using individual-level data.

The first-line treatment of choice in extensive-stage SCLC
remains 4 to 6 cycles of platinum combination chemotherapy.!t
Although many patients initially achieve clinical remission or
disease control with first-line chemotherapy, mostsubsequently .
experience disease progression and eventually die of extensive

SCLC., We examined first-line cisplatin and irinotecan.: -

combination chemotherapy because it is considerédd thé-
standard fitst-line chemotherapy in these cases.M Previgusly;in"~
aphase3 study of extensive SCLC, firstdine chemothérhpy with.
irinotecan plus eisplatin was found to be more effégiive th
etoposide/ cisplatin (median survival of 12.8 monthsf’, ersis
months, p=0.002).14 The MST of patients with extensiye SC]
was approximately 1 year. For extensive SCLC patieits
shorter and options for subsequent chemotherapy are lii

In the present study, we analyzed the relationships of PES,
PPS, and tumor response with OS in patients with extensive
SCLC at the individual level. The patients recruited to this
study had only a limited number of options for subsequent-
line chemotherapy. We also explored the prognostic value of
baseline and tumor characteristics for PPS.

Methods

Patients

Between September 2002 and November 2012, 60 patients with
extensive SCLC were treated with eisplatin and irinotecan as
first-line chemotherapy and were enrolled in this study. The
tumor resporise was not evaluated in 10 cases, and PES data
were cengored in one case. These 11 patienis were excluded
from the analyses to maintain uniformity in patient background
characteristics. Thus, data from 49 patients wére analyzed. The
study protocol was approved by the Insttutional Review Board
of Shizuoka Cancer Center (#.25-]91-25-1-3).

The patients in this study were treated with cisplatin (60 mgm?-
day?for 1 day, followed by a pause of 28 days) and irinotecan
(60 mgm*day* on days 1, 8, and 15, followed by a pause of 28
days). This cycle was repeated every 28 days for a maximum
of six courses.

82

‘The best overall response and maximum tumor shrinkage were
recorded as tumor responses. Radiographic tumor responses
werae evaluated according to the Response Evaluation CriteriaIn
Solid Tumors,ver. 1.1 Complete response {CR), disappearance
ofall target lesions; partial response (PR), at least a 30% decrease
in the sum of the target lesion diameters with the summed
baseline diameters as a reference; progressive disease (PD), at
leasta 20% increase in thesum of the targetlesion diamebers with
the smallestsum observed during the study serving as reference;
andstabledls&se(SD),msuEﬁaentshrmkage to asPRand
insufficient expansion to qualify as PD. PF5 was calculated from
the start of treatment to the date of PD or death from any cause.

05 was recorded from the first day of treatrnent until death or
was censored on the date of the last follow-up consultation. PPS
was recorded as the time from tumor progression until death or
was cersored on the date of the last follow-up consultation. In this
study, we défined treatment-freeinterval (TFI} as the period from
the date of completion of first-line treatment to the first relapse.

When prophylactic cranial irradiation (PCT) was performed as
firsk-Tine treatment, the date of completion was defined as the
last day of these treatments, We defined sensitive relapse as TFI
= 90 days, based on the definition in several previous trials ¥}

_Statigtical analyses

To examine whether PFS, PPS, or tumor shrinkage was
correlated with OS, we used Spearman rank correlation
analysis and linear regression analysis. In order to identify
;mggx,ble prognostic factors for PPS, the proportional hazards
mog el\ﬁmth a stepwise regression procedure was applied.
Hazat, ;:a&os {HR) and 95% confidence intervals (CI} were

imafed using this model. Because the HR is defined
t difference, some factors were converted to an

: ‘nppro tely scaled unit, PPS values were compared using the

Iog-#4tiK test. A Pvalue of <0.05 was considered significant for
all,j:esis The two-tailed significance level was also set at 0.05.
Al statistical analyses were performed using JMP version 9.0
for Windows (SAS Institute, Cary, NC, USA}.

Results

Patient characteristics and treatment efficacy

Of the 49 patients included in the analyses, 43 patients died; the
median follow-up time was 14.0months (range, 0.7-36.8 months).

‘The characteristics of the 49 patients (median age, 63 years; range,
43-75 years) included in the present study are shown in Table 1.

Target lesions were not evaluated in one of the cases. One, 38,

5,and 4 patients showed CR, PR, SD, and PD, respectively. The
responserate was 79.6% and the disease control rate was 91.8%.

After progressing past fixat-line chemotherapy, 5 of the 49
patients did not receive further chemotherapy. The other 44
patients received subsequent chemotherapy after completing
their first-line chemotherapy. Among the 49 patients, the
median number of follow-up therapeulic regimens was 2
(range, 0-5 regimens). The chemotherapy regimens employed,
after progressing past the first-line chemotherapy regimen, are
shown:in Table 2. Amrubicin was the most-common second-
line chemotherapy agent, and paclitaxel was the most common
third-line chemotherapy agent.

The median PES and OS were 5.5 months and 13.9 months,
respectively [Figure 1a, 1b].
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Table 1: Baseline patient characteristics

Characteristlc
Gender

Maleffemale 4415
Median age at treatment (years) 63 (43-75)
Performance Status {PS)

of/=2 1343214
Histology

Small cell carcinoma/others 49/0
Stage

neav 0/49
Number of first-ine chemotherapy courses

1/2/3/4/5/6 1/4/3/38/21

Median {range) 4 (1-8)
Number of regimens after progression
following first-line chemothsrapy

0/1/2/314/5 5/18/18/8/3/2

Medlan {range) . 2(0-B)
Medlan sum of target leglon diametsts 112 (28-287)
[mm} {range}
Prophylactio cranfal Irradiation

Yes/No 8/46
Medlan treatment-free (ntervat {days] (range) 68 (28-287)

100~
o~
X 80-
Z n=49
'5 60"
©
n
O 40+
a
& 204
o
0 ] 1 [ ] L3
¢ 3 6 9 12
Time (months)
Median progression-free survival: 5.5 months
100+

]
<o
1

Percent survival (%)
o
o

o ] 1 i t 1 i {

0 6 12 18 24 30 3/ 42
08§ {months)

Median overall survlval: 13.9 months, median follow
up duration: 10.0 months

Flgure 1: {a) Kaplan-Meler plots showing progresston-free susvival (PFS}
{b) Kaplan-Maler plots showing overalf survival (08)
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Relationship between OS and PFS, PPS, and tumor shrinkage
The relationship between OS5 and PTS, PPS, and tumor
shrinkage is shown in Figure 2a, 2b, and 2¢, respectively, PPS

36

G
[~
3

L
L

&
°

08 {months)
- -k
B o«

o ¢ :ﬁ .9 r=0.58"
- R2= 0.24**
c 1 ] i 1
0 3 6 9 12
a PFS {months)

_* The rvalues represent Spearman's rank correlation coefficlent
** The R? values represent linear regression

36+

n=49

124 »
6 r=0.97*
R2=0.94*
0( L] L 1 1 1 1 L 3 ¥ ]
0 3 6 9 12 156 18 21 24 27 30
PPS (months)

* 'rhe rveiues represent Speaman's rank comelation cosfficient
** The R2 values represent linear regression

36+
* —
304 . = n=49
’ ’ [ ] r= '0-37*
24- * ] R2=0.13*

0S {months)
®
@,

®
8- » o“.*" »
0 . — )
«480 -50 0 60
Tumor shrinkage (%)

* The rvalues represent Spearman's rank comelation cosfiiclont
c| **Tha R? values represent inear regression

Figure 2: {a) Comelation betwsen overall suivival (OS] and progression-free
sumviva! (PFS) {b) Comelation betwean ovarall survival (08) and post-progresdsion
survival {PPS) (c) Corelation between overall survival (OS) and kumor shrinkage

63
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was strongly associated with OS (r = 097, p < 0.05, R*=0.94),
based on Spearman’s:rank correlation ¢oefficient and linear
regression, whereas PFS was moderately correlated with O
(r=0.58, p < 0,05, R*= 0.24). Furthermore, tumor shrinkage was
only weakly correlated with OS (r=0.37, p < 0.05, R*= 0.13),

Factors affecting post-progression survival
PPSwas strongly associated with OS. Therefore, the assoclation
between PPS and various clinical factors was assessed. In
the univariate analysis [Table 3}, PS at the end of first-lirie
treatment, at the beginning of second-line treatment, and
TFI (290/<90 days) as well as the best response at first-line
treatment, ﬂxebestresponse from the second-line treatment, and
the number of regimens employed after progression beyond
first-line chemotherapy were found to be associated with PPS
{p <0.05). Next, a multivariate analysis for PPS was conducted
[Table 4]. This revealed that the best response after second-
line freatment (non-PD/PD), and the number of regimens
employed after progression following first-line chemotherapy
were significantly associated with PPS {p < 0.05). Thelog-rank
tests confirmed that PPS was significantly associated with the
best response at second-line treatment (non-PD/PD), and the
nuimber of regimens employed (p < 0.05; Figure 3a and 3b),
Based on the best response at second-line treatment, patients
with non-PD had a median PFS of 13.1 months, which was
Ionger than that of their counterparts, who had a median PD
of 7,2 months (log-rank p = 0.05; Figure 3a). Accordmg to the
number of regimens employed after progression followitig
first-line chemotherapy, the median PPS for those who were
not administered additional regimens was 3.5 months, with .
1 additional regimen, the median PPS was 5.5 moéths; and
with 22 regimens, the median PPS was 14.1 months; (Iog-rat\gv
test, p < 0.01; Figure 3b). These results remained qonsxstm’i“
after adjustment using the Cox proportional hazar:i@moae]s
[Table 4].

;,

Discussion

We examined the relationships of O8 with PFS, PPS, and tumor
shrinkage at the individual level in patients with extensive
small cell lung cancer.PPS was strongly associated with OS,
whereas PFS and tumor shrinkage were moderately and
weakly correlated with OS, respectively. In addition, the best
response to second-line treatment (non-PD vs. PD), and the
number of regimens employed after progression following
first-line chemotherapy, independently affected PPS.

Table 2: Chemotherapy regimens employed after
progression folowing first-line chemotherapy

Second-line 2Third-ine Total
CDDP+rinotecan 3 1 4
re-chatlengs
CDDP+VP16 2 1 3
CBDCA+VP16 2 4 8
CBDCA+PTX 0 3 3
Amrublcin 27 10 a7
Topotecan 3 4 7
Paclitaxel 3 12 16
Irinctecan 0 2 2
Qemchabine 3 7 10
Others 1 1 2
84

The validity of surrogate endpoints has been previously
determined through meta-analyses."®¥! In recent years,

Table 3: Univariate Cox regression analysis of
baseline patient characteristics for post-progression
survival

Factors Post-progression survival
Hazard 95%Cl pvalue
ratio
Gender 1068 0.42-3.56 0.807
Age (years) at the beginning of first-
fins treatment 0.87 0.98-1.02 0,341
P8 at the begirming of first-line
treatment 1.20 0.70-205 0480
Number of coursss of first-line
treatment administered 067 046-1.02  0.068
Sttin of target leston diameters 1.00 0.88-1.00 0,102
Best response at first-line treatmant :
PRMon-PR 065 081-1.58 0.308
Non-PD/PD Q.22  0,08077 0.021
PS at the end of first-line treatment 445 2.22-9.35 <0.001
Prophylactic cranlal Irradiation 081 0.28-3.36 0.738
;‘;?lggmem-ﬂee Interval (280/<80 207 1.10-485 0.023
Age at the beginning of second-line .
‘r eatment 0,96 092101 0,19
RSt the beglnning of second-line
tr eatm am 204 1,26-332 0,003
.' nse following second-line
PRmontPH 0.82 0.341.78 0,627
Non-PﬂlPD 048 0.24-092 0.028
Numbaf:of regimens after
. qugresslon beyond first-line 050 035070 <0.00%

... .CHiimotherapy

85% O} = 85% Confidenca intarval, PS = Performance status,
PR = Pariial masponse, PD = Progiressive disease

Table 4: Multivarlate Cox regression analysis of
performance status (PS) at the end of flrst-line
treatment, P'S at the beginning of second-line
treatrnent, best response at first-line treatment, best
response at secand-line treatment, and number of
reglmens employed after progression bieyond first-line
chemotherapy for post-progression survival

Factors Post-progression survival
Hazard ratia  95% Gl pvalue

PS at the end of first-line
wreatment 1.81 0.60-6.10 0.29
PS at the beginning of second-
live traaln g 100 044210 089
Best response at first-line
treatmant

Non-PD/PD 0.50 0.14-234 034
Best response at second-line
{reatment .

Non-PD/PD 0.49 0.23-1.00 0.05

. Number of raglmens employed .

after prograssion beyand first- 0.61 0.41-0.86 <0.01

{ing chemotherapy
95% Cl =85% Confidenca Interval, PD = Prograssiva diseass:
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Flgure 3: (a)Kaplan-Malor plots showing post-progression survival (PPS), k
accanding to the best response following second-line reatment Nod-
progressive disease {non-PD}, median = 13.1 months; prograssive disegse

(PD), median = 7.1 months. (b) Kaplan-Meler plots showlng post-progression.  *

survival (PPS), accordlng to the numbar of regimans after progresslan No
further regimen, median = 3,6 months; 1 regimen, median = 5,5 months; 2
regimens, medlan = 14,1 months

biostatisticians have proposed a wide variety of measures
for validating surrogate endpoints,®?} Although PFS (s a
potential surrogate endpoint for OS in extensive stage SCLC®,
its validity remains controversial, Broglic &f al. recently focused
on PPS, which they termed suxvival post progression (defined
as OS5 minus PFS), in a hypothetical clinical trial setting under
the assumption that treatment affected PFS but not PPS.
Recently, PPS was found to be strongly assaciated with OS
after fixst-line chemotherapy for advanced NSCLC ina clinical
triall", and we have previously reported the significance of
PPS for advanced NSCLC based on an analysis of individual
patients.B3!

In contrast with the findings of a previous study™, we did
not observe that PF5 was a surrogate endpoint for OS in
extensive stage SCLC, although PPS was not evaluated in the
previous study. Weanalyzed our results pertaining to first-line
therapy, which suggested that PF5 and tumor response did not
adequately reflect OS in such settings. We found that PFS was
mich shorter than PPS, and thus, PPS was closely related to
O5 — the relationship was linear. The fact that PPS accounted
for the majority of OS suggests that the chemotherapy used was

Annals of Thoracic Madicine - Vol 10, Issue 1, January-March 2015

not sufficiently effective for PFS to be a significant component
of O8, Thus, in clinical trials with patients expected to havea
short PES after first-line chemotherapy, for example those with
extensive SCLC, as was the case in our study, factors thataffect
PPS need to be considered,

Based on trialevel data for advanced NSCLC, a long PPS is
associated witha good PSand the use of first-line monotherapy
with a molecular targeted agent.") Studies based onindividual
advanced NSCLC patients revealed that a long PPS was
associated with the P5 at the beginning of second-line treatment,
the best response after second-line freatment (non-PD/PD), and
the number of regimens employed after disease progression
following first-line chemotherapy.”” To date, however, no
predictive factors for PPS in cases of extensive SCLChave been
identified. We studied the prognostic value of baseline factors
for PPS in individual patients. We found that the best response
after second-line treatment, and the number of regimens
emplayed after progression following first-line chemotherapy
were strongly assodated with PPS, Moreover, we confirmed
the significance of these relationships using log-rank tests.
Our findings suggest that patients for whom the disease has
been controlled with second-line treatment achieve prolonged
PPS after progression following first-line chemotherapy, These
patients are also likely to be able to continue chemotherapy
and achieve prolonged PPS, which is associated with a longer
05S. The number of treatment regimens used after progression
foflowing first-line chemotherapy probably reflects the
incfeaging number of available drugs, such as amrubicin,
paclitaxel, and topotecan, which are available as second- or
ithird-line chemotherapy for extensive SCLC. In fact, a number
1of different agents were used to treat our patients, as shown
inTable2.

This study has several limitations. First, the sample size
was small. However, because relatively few extensive SCLC
patents are treated with first-line cisplatin and irinotecan
at our institution, this limitation is difficult to overcome,
especially as the patients needed to have similar background
characteristics. Nevertheless, our institution treats the relatively
largest number of such cases, and the practice policy islargely
unified simply because this is a single institution. There is of
cowrse some bjas, but understanding the nature of this bias
ensures that the results are still meaningful. In a future study,
we will include a larger patient cohort, and more detailed
examination is warranted. Second, we could not thoroughly
evaluate treatinents after progression following second-line
chemotherapy, although only a few patients received third-line
or subsequent chemotherapy. Third, the date on which a
response was recorded was decided by each physician, which
mighthave introduced variance in the PFS and tumor response
rate, Fourth, chemotherapy regimens differ between Japan and
the USA. In Japan, based on the results of a Japanese phase
I trial'™, standard first-line chemotherapy for extensive
SCLC currently is cisplatin combined with irinotecan. This
combination is also described in the National Comprehensive
Cancer Network guidelines as a suitable treatment option.
Amrubicin is an effective second-line chemotherapy drug in
a number of cancers including SCLC. In a phase I trial, it
resulted in a significantly improved response rate compared
to topotecan and also improved survival, especially in the
subgroup of refractory patients.”™ On the basis of this trial,
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amrubicin isnow the standard second-line chemotherapy agent
for extensive SCLC in Japan.

In conclusion, using individual patient data, PFS.and tumor
response were not found to be ideal surrogates for OS in
patients with extensive SCLC who had limited options for
subsequent chemotherapy. However, in these patients, PPS,
rather than PES, was strongly associated with GS. In addition,
thebest responseafter second-fine treatment (non-PD/PD), and
the number of regimens employed after disease progression
following first-line chemotherapy were prognostic factors for
PPS. Thus, the treatment course after progression following
first-line chemotherapy greatly influences S, Webelieve these
findings ]ustzfy ‘further study to validate PPS as a surrogate
marker of OS in patients with extensive SCLC.
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Abstract

Background: During bronchoscopy, small biopsy forceps
are increasingly used for the diagnosis of peripheral pulmo-
nary lesions. However, it is unclear whether the formalin-
fixed paraffin-embedded specimens sampled with the small
biopsy forceps are suitable for the determination of geno-
types which become indispensable for the management de-
cision regarding patients with non-small celt lung cancer,
Objectives: The aim of this study was to evaluate the feasibil-
ity and accuracy of molecular testing in the specimens ob-
tained with 1.5-mm small biopsy forceps. Methods: We ex-
amined specimens in 91 patients, who were enrolled in our
previous 3 studies on the usefulness of thin bronchoscopes
and given a dlagnosis of non-small cell lung cancer by bron-
choscopy with the 1.5-mm biopsy forceps, and then under-
went surgical resection, An experlenced pathologist exam-
ined paraffin-embedded specimens obtained by broncho-
scopic biopsy or surgical resection in & blind fashion on
epidermal growth factor receptor (EGFR} mutations, ana-
plastic lymphoma kinase (ALK} rearrangements and KRAS
mutations, Results: Twenty-five (27%), 2 (2%} and 5 (5%) pa-
tients had an EGFR mutation, ALK rearrangement and KRAS

mutation, respactively, based on the results in surgical spec-
imens, EGFR, ALK and KRAS testing with bronchoscopic spec-
imens was feasible in 82 (90%), 86 (95%) and 83 (91%) pa-
tients, respectively, If molecular testing was feasible, the ac-
curacy of £GFR, ALK and KRAS testing with bronchoscopic
specimens for the results with surgical specimens was 98,
100 and 98%, respectively. Conclusion: The resuits of mo-
lecular testing in the formalin-fixed paraffin-embedded
specimens obtained with the small forceps, in which the
genotype could be evaluated, correlated well with those in
surgically resected specimens. © 2015 S. Karger AG, Basel

{ntroduction

Bronchoscopy has been widely used for the diagnosis
of peripheral pulmonary lesions; however, the diagnostic
yield of conventional bronchoscopy for peripheral pul-
monary lesions, particularly small lesions, has not been
satisfactory [1, 2]. Recent modifications of this procedure
using some new devices, such as endobronchial ultra-
sound {3-12], thin bronchoscopes [8, 11, 13], navigation

Preliminary data were previously presented at the ATS 2013 Annual
Meeting in Philadelphia, Pa., USA.
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devices [3, 4, 6, 7, 10], or a guide sheath [3-5, 7, 9, 10},
dramatically increased the diagnostic yield of bronchos-
copy, and seem to be reasonable as a first diagnostic test
in terms of accuracy and safety [1, 2]. Traditionally, bron-
choscopes with a 2.0-mm working channel have been

consmlered standald and so 1 8- or 1.9-mm bmpsy for-
have been most w1dely used [14] On the othe1 hand, sev-
eral investigators reported the usefulness of a thin guide
sheath for the 2.0-mm working channel [3-5, 7, 9-12] or
thin br onchoscopes with a 1,7-min wmlung ¢channel [8,
11, 13]. The standard-sized biopsy forceps are not avail-
able for such modified bronchoscopy, and so 1.5-mm bi-
opsy forceps have been used. The small biopsy forcepsare
now commercially available and increasingly used in clin-
ical practice. Although the size of samples obtained with
the forceps is relatively small, many investigators have
reported its good ability to sample tissues for definitive
diagnosis [3-5, 7-13].

Recent advancemetit in the field of genomics has en-
abled the development of some useful molecular targets
such-as epidermal growth factor receptor (EGER)-tyro-
sine kinase inhibitors or anaplastic lymphoma kinase
(ALK) inhibitors. EGFR mutations and ALK rearrange-
ments have been demonstrated to be a reliable predic-
tive biomarker of the efficacy of the EGFR-tyrosine ki-
nase inhibitors and ALK inhibitors, respectively [15-
18]. Thus, the determination of genotypes has become
mdlspensable fox the management decision in patients
potentxally benefit from these molecuhr targets Asa
consequence, the dmgnesw of NSCLC should include
genotypmg as well as subtype classification [1, 14, 19~

22). Although various bronchoscopic specimens are
available for genotyping [23-30], formlin-fixed paraf-
fin-embedded specimens have been most widely em-
ployed in clinical practice because of their easy use,
long-time storage and low costs [14], Although the fea-
sibility and reliability of genotyping in formalin-fixed
paraffin-embedded bronchoscopic specimens obtained
with standard-size forceps are well-established [23]; it
remains unclear whetheér the specimens sampled with
the small biopsy forceps are suitable for genotyping. As
a consequence, the clinical use of the small biopsy for-
ceps in place of the standard-sized biopsy. forceps during
brofichoscopy has not yet been justified. The aim of this
study was to evaluate the feasibility and accuracy of ge-
notyping inthe relatively small specimens obtained with
the 1:5-mm small biopsy forceps by comparing large
siirgical specimens,

» 36 ;Re;j)iration 2015;89:235-242
R . ‘DO 10.1159/000369860

Patients and Methods

Patients

Wereviewed our previous 3 studies {8, 11,.13] conducted froin
2005 to 2009, which evaluated the diagnostic yield of thin bron-
choscopy or bmnchoscopy with a thin guide sheath for peripheral
pulmonary lesions. In those studies, 1.5-mm small biopsy forceps
(FB-32D/XBO1-951/FB-233D; Olympus; Tokyo, Japan) were
used for samipling specimens. Of the 372 patients analyzed in those

studies, 94 were given a diagnosis of NSCLC by bronchéscopy and

underwent surgical resection. Informed consent was obtained
from live patients, and 3 patlents refused to participate in this
study, Thus, a total of 91 patients were enrélled and analyzed. The
Institutional review board of Nagoya Medical Center approved
this study (identifier: 2011-482).

Molecular Testing

At the Department of Pathology? Nagoya Medical Center,
six 4-pm-thick unstained sections from bronchoscopic biopsy and
corresponding surgical specimens were preparéd, and were sent to
the Molecular Pathology Laboratory of the Aichi Cancer Center
Hospital. Because this study was conducted simulating the routine
diagriosis, individial samples Were processed as usual, The un-
stained slides, of which identification numbers were randomly Ja-
beled, were submitted to the pathologists. Although the specimens
could be d'ffgr@thated as to whether they were obtained by surgery
oi bronchoseopy, thie coirespondences between surgical and bron-
choscopic specimens were completely blinded. After confirmation
of tumor cell contents on re-sectioned slides for molecular testing,
genotypes of EGFR, KRAS and ALK were assessed. For EGFR mu-
tation, the Cycleaye polymerase chain reaction (PCR): techmque
and fragment analysis were used for the detection of EGFR L858R
and éxan 19 deletion, réspectively, d@s described previously {31].
Snmahrly, KRAS mutdtion was-analyzed by the Cycleave PCR tech-
nique. ALK gene rearrangements were screened with immunohis-
tochemistry using sensitive ALK antibody (clone 5A4, Santa Cruz,
Calif, USA) and the EnVision ELEX+ detection system (Dako,

. Copenhagen, Denmark), When positive or equivocal results were

obtained with the immunochistochemiistry, further conﬁunatory
fluprescent in sita hybridization was carried out using an ALK

break-apart probe (Vysis LSI ALK Dual Color, Breal Apart Rear-

rangement Probe; Abbott Molecular, Abbott Patk, 1ll, USA) as
previously described [32, 33},

Rasults

Patients

Bronchoscopic specimens and surgical specimens
from a total of 91 Japanese patients (63 males and 28 fe-
males; mediari age 65; range 25-83 years) were retrospec-
tively evaluated ucty-fom patients had adenocarcinoma,
21 had squamous ¢ell carcinoma, 3 had large cell carci-
noma; 2 had 4 combination of adenocarcinoma and squa-
mous cell carcinoma, and 1 had a combination of small
cell carcinoma and adenocarcinoma, The median lesion
size in the longest diameter on GT was 28 mm (range

Oki/Yatabe/ Saka/I(xtagawa/Kogure/
Ichihara/Moritani

270 -




Table 1. Results of EGFR testing

Table 2. Results of ALK testing

Variable Type of specimens Variable ‘Type of specimens
bronchoscopic  surgical bronchoscopic surgical
specimens specimens specimens specimens

Specimens examined 86 91 Spﬁt:fmens examined 86 91

Specimens with EGFR mutations 21 25 Specimens with ALK rearrangements 2 2

Fragment analysis HG

Exon 19 13 15 ﬁgzﬂ%‘;ﬂ : 2 2
gﬂgg{pe icat 7; 75 Negative 83 87
o PCR amplification 1 FISH (for IHC positive or

Cycleave PCR equivocal cases)

I.8“58R 8 10 Positive 2 2
Wild type 74 81 Negative 1 2
No PCR amplification 4 0

Data are presented as number.

11-65 mth). Routine hematoxylin and eosin stain had
been performed, followed by further immunohistochem-
ical stains for definitive diagnosis in bronchoscopic spec-
imens at the time of diagnosis in 20 of 91 (22%) patients.
After NSCLC was diagnosed with bronchoscopic biopsy
using a 1.5-mm biopsy forceps, 77 patients underwent
lobectomy, 9 segmentectomy, and 5 wedge resection. The
pathological tumor and nodal stages based on the surgical
procedures were as follows: T1 in 33, T2 in 40, T3 in 16
and T4 in 2; NO in 52, N1 in 18, N2 in 12 and no nodal
dissection or sampling in 9.

Re-Evaluation of Sectioned Slides for Molecular

Testing

All specimens essentially contained tumor cells diag-
nosed as cancer, but tumor cells might have disappeared
with slides re-sectioned for molecular analysis. There-
fore, we checked and confirmed sufficient contents of tu-
mor cells for molecular testing in 86 of 91 (95%) biopsy
specimens, and all (100%) surgical specimens.

Mutations

Results of EGFR mutation detection are shown in ta-
ble 1. EGFR mutations were detected in the surgical spec-
imens in 25 patients (27%; exon 19 in 15 patients and
L858R in 10 patients}. Of the 25 patients, EGFR mutation
could not be detected in the bronchoscopic specimens in
4 patients including 2 without analysis of mutations be-
cause of specimens with no tumor cells; thus, EGFR mu-
tations were detected in the bronchoscopic specimens in
21 (239%) patients. All patients with EGFR mutations had

Genotyping in Small Biopsy Specimens

Data are presented as number, IHC = Immunohistochemistry;
FISH = fluorescent in situ hybridization,

adenocarcinoma. In the surgical specimens, PCR ampli-
fication failed in one patient, and so gene analysis for both
exon 19 and L858R was feasible in 90 of 91 patients (99%).
In the bronchoscopic specimens, gene analysis was fea-
sible in 82 (excluding no tumor cells in 5 and no PCR
amplification with either fragment analysis or Cycleave
PCR technique in 4) of 91 patients (89%). In 81 patients
in whom gene analysis with both bronchoscopic and sur-
gical specimens was feasible, the sensitivity, specificity
and accuracy for detection of EGFR mutations with bron-
choscopic specimens based on the results with surgical
specimens was 91, 100 and 98%, respectively.

Results of ALK gene rearrangement detection are shown
in table 2. ALK rearrangements were detected in the surgi-
cal specimens in 2 patients (2%), which corresponded to
the results in the bronchoscopic specimens. The 2 patients
had adenocarcinoma. The feasibility of ALK testing was
100% (all 91 patients) in surgical specimens and 95% (86
of 91 patients) in bronchoscopic specimens. In patients in
whom ALK testing was feasible, the accuracy of ALK test-
ing in the bronchoscopic specimens was 100%.

Results of KRAS mutation detection are shown in
table 3. KRAS mutations were detected in the surgical
specimens in 5 patients (5%; G12 mutation in 5 pa-
tients). The analysis with bronchoscopic specimens
proved KRAS negative in 1 of the 5 KRAS-positive pa-
tients in surgical specimens. In addition, KRAS testing
with bronchoscopic specimens resulted in KRAS posi-
tive in 1 patient who was judged as KRAS negative in the
testing with the surgical specimens (fig. 1). All but 1
KRAS-positive patient with squamous cell carcinoma .
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Eig. 1. Bronchoscopic and surgical spedimens in a patient showed
discordant results in KRAS mutation, A few adenocarcinoma cells
were clustered in the bronchoscopic specimen (upper left), appear-
ing to ‘be degenerative, Hematoxylin and eosin staining, %200,
original magnification. The result of KRAS mutation assay (upper
right) showed a slight increase in the KRAS G12 mutation signal

Table 3, Results of KRAS testing

Variable Type of specimens
bronchoscopic  surgical
specimens specimens

Specimens examined 86 91

Specimens with KRAS mutations ~ 5° 5

Cycleave PCR

G12 5 5
Wild type 78 85
No PCR amplification 3 1

Data are presented as number, ® Suspected false-positive result
in L.

had-adenocarcinoma. Testing for KRAS mutations with
surgical specimens and bronchoscopic specimens was
 feasible in 90 of 91 (99%). patients and 83 of 91 (91%)
patients, respectively. In 82 patients in whom gene anal-
yses with both bronchostopic specimens and surgical

 Respiration 2015;89:235-242
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that reached the cutoff value of 50 fluorescence intensity, In con-
trast, the surgical specimen had a sufficient number of tumor cells
(lower left). Hematoxylin and eosin staining, %200, original mag-
nification, The same specimen had no increase in the signal of
KRAS G12 mutation (lower right).

specimens were feasible, the sensitivity, specificity and
accuracy of KRAS mutation analysis with bronchoscop-
ic specimens based on the results with surgical speci-
mens were 80, 99 and 98%, respectively.

A flow chart of patients for molecular testing is shown
in figure2.

Rinally, a total of 13 patients had incorrect results with
bronchoscopic specimens (no tamor cells in 5, no PCR
amplification for either genotyping in 4, and a fdlse-pos-
itive or false-negative result of genotypes based on the
results with surgical specimens in 4). Thus, molecular
testing using bronchoscopic specimens could be-correct-
ly performed in 78 of 91 (86%) patients (bronchéscopic
specimens: 78 of 91 vs. surgical specimens: 90 of 91, p=
0.001, Fisher’s exact test). Immunochistochemical stains
with bronchoscopic specimens had been performed at the
time of diagriosis in 14 of 78 (18%) patients with concor-
dant results with surgical specimens and 6 of 13 (46%)
patients with infeasible molecular testing or discordant
results with surgical specimens (p = 0.03, Fisher's exact
test).
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Patients with NSCLC who underwent successful diagnostic bronchoscopy
with 1.5-mm biopsy forceps, followed by surgical resection

{n = 94}

Patients refused and excluded

(n=3)

"
Patients enrolled
{n=91)

1

{

No motecular testing because (n=51)

Branchoscopic specimens screened

Surgical specimens screened
{n =91)

specimens did not contain tumor cells o
(n=5 Molecular testing
(n = 86)

) I
| 1 1

Molecular testing

EGFR testing {n = 86)
Positive (i = 21)
Wild type (n = 61)
No PCR amplification (n = 4)

KRAS testing (n = 86)
Posltive (nt = 59)
Wild type {n = 78)
No PCR amplification {n = 3)

ALK IHC

{n = 86}

n=91)
i
I I 1
EGFR testing {n = 91) KRAS testing {n = 91) ALK IHC
Positive {n = 25) Positive (n = 5) (n=91)

wild type {n = 65)
No PCR amplification (n = 1)

Wild type (n = 85)
No PCR amplification (n = 1)

ALK HC
Negative (n = 83)

4 ALK IHC
' Positiva (n = 2)
Equivacal {n = 1)

I
ALK FiSH
Positive {(n = 2)
Negative (n = 1)

ALK HC
Negative {n = 87)

ALK [HC
Positive {(n =2}
Equivocal (n = 2)

|
ALK FISH
Positive (n = 2)
Negative (n = 2)

Fig. 2. A flow chart of patients for molecular testing. * One suspected false-positive result is included. FISH = Fluorescence in situ hy-

bridization; IHC = immunohistochemistry,

The results of 6 patients with positive but discordant
results of genotypes between bronchoscopic and surgical
specimens are summarized in table 4.

Discussion

In this study, we investigated the feasibility and accu-
racy of genotyping within the limited size of specimens ob-
tained with the 1.5-mm biopsy forceps by comparing sur-
gical specimens. Our study demonstrated the high feasibil-
ity of approximately 90% for genotyping in the specimens
obtained with the small biopsy forceps notwithstanding
the use of samples which had been preserved for several
years, In addition, the results of genotypes in the speci-
mens, which conld be examined for the genotypes, corre-
lated well with the results from large specimens obtained
with surgical resection. To our knowledge, this is the first
study to evaluate the feasibility and accuracy of genotyping
in the samples obtained with the small forceps.

Genotyping in Small Biopsy Specimens

Discovery of driver mutations such as EGFR, ALK and
KRAS in the specimens from patients with NSCLC has
revolutionized the management of NSCLC, especially ad-
enocarcinoma. EGFR mutations have been proved to be
a reliable predictive biomarker of both progression-free
survival as well as tumor response to treatment with
EGFR-tyrosine kinase inhibitors [15-17]. Similarly, ALK
rearrangements are associated with progression-free sur-
vival and tumor response to treatment with ALK inhibi-
tors [18]. In contrast to these molecular abnormalities,
the clinical value of knowing KRAS mutations is still lim-
ited since the targeted therapies are still not available, al-
though some promising agents which inhibit part of the
KRAS pathway are now being investigated [22, 34]. A re-
cent molecular testing guideline recommended EGFR
mutation testing or suggested ALK rearrangement testing
at the time of diagnosis in patients with advanced-stage
disease who are suitable for therapy [22]. Moreover, even
in patients with early-stage disease, the EGFR mutation
or ALK rearrangement testing at diagnosis is encouraged..
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Table 4. Cases with discordant genotypes between bronchoscopic and surgical specimens

Type of specimens

0 B

No. Sex Age, Histology Mutation Interpretation of results in bronchoscopic
years bronchoscopic  surgical Specimens
specimens specimens

F 80 ADC EGER (exon19) notexamined  positive no tumor cells

M 62 ADC EGFR (exon19)  notexamined  positive no tumor cells

F 55 ADC EGFR (L.858R) negative positive false-negative result for few tumor cells

B 65 ADC EGER (L858R} negative positive false-negative result for small ratio of tumor

: cells to non-tumor cells

5 M 75 ADC KRAS (G12) hegative positive false-negative result for few tumor cells
6 M 61 ADC KRAS (G12) positive negative false-positive result for equivocal fluorescerice

ADC = Adenocarcinoma,

intensity in bronchoscopic specimen

as the results may provide some benefits in terms of pox-
tability [22]. Thus, not only high yield for definitive diag-
nosis butalso hlgh feasibility and rehablhty for molecular
‘testing is indispensable as a first diagnostic test, Nowa-
days, numerous types of cytologic and histologic samples
«can be used for molecular testing [35]. Above all, forma-
lin-fixed paraffin-embedded samples, as we used in this
study, have been most widely used for molecular testing
as they have numerous advantages such as ease of use,
long-time storage and low costs [14]. In fact, we used par-
affin-embedded specimens preserved for more than
2 years without any special storage techmques The fedsi-
bility of molecular testing in long-time stored specimens
seems to,be very important because new driver mutation
genes and targeted therapies are developing one after an-
other, The feasibility and reliability of molecular testing
using bronchoscopic specimens such as ‘specimens ob-
tained with aspiration standard biopsy forceps or aspira-
tion needles are well establishied [35]. Our study further
‘demonstrated the usefulness of relatively smaller bron-
choscopic specimens with fewer tumor cells obtained by
small biopsy forceps for molecular testing.

In this study, 5 patients failed. genotyping with bron-
choscopic specimens due to an insufficient number of
tumor cells, Although we regularly biopsied 8-10 tissue
samples in individual patients [8, 11, 13], the specimens
in the 5 patients only had a few tumor: cells that did not
allowmolecular testing. Resectioning of the tissue blocks
:could wagste the tissues, and might reduce a number of
tumor cells in some instances. Because diagnostic hema-
toxylin and eosin staining slides are made of unstained
slides, preparation of additional unstained slides might

serve to increase the feasibility. Therefore, it might be.

) Rcsplrahon 2015:89: 235»-242
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an alternative way to submit the specimens with order-
ing simultaneous histological diagnosis and molectilar
testing, based on the potential benefit of molecular test-
ing. In terms of PCR failure, it is well known that the
PCR based on formalin-fixed paraffin-embedded sam-
ples is affected by fixation time, fixation solution, and
the duration of ischemic time and tissue processing
techniques including decalcification using strong acids
(14, 21, 22, 29]. In. fact, the surgical specimen in the pa-
tient showing PCR failure contained the costal bone
where the tumor cells invaded, suggesting that the tis-
sues were treated with decalcification solution. In the
case of bronchoscopic specimens, inadequate fixation
duration might cause PCR failure. Because biopsied tis-
sues are usually tiny in contrast to the surgical speci-
mens, the fixation that is optimized for surgical speci-
mens could be too long for biopsy specimens. Careful
management according to the sample size might be

. needed [14, 19-22].

~ As shown in table 4, the result of genotyping in the
strgical specimens afd bronchoscopic specimens was
discordant in 6 patients. EGFR mutations in the broncho-
scopic specimens were not analyzed in 2 patients as the
specimens did not contain tumor cells, Two patients (1
KRAS—negauve patxent and 1 EGFR»negatlve patient in
the bronchoscopic specimens but positive in surgical
specirnens) had bronchoscopic specimers with few tu-
mor-cells in which the mutated signal might be below the
detection threshold for mutations. As shown in figure 1,
1 patient with bronchoscopic specimens with a slight in-
crease in fluorescence intensity was judged as KRAS pos-
itive; however, this result was regarded as-false-positive
from the negative result in surgical specimens. The re-
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maining patient was judged as EGFR negative in bron-
choscopic specimens with a sufficient amount of tumor
cells. Although the reason is unclear, this might be due to
the small ratio of tumor cells to hontumbor cells. Mutant
DNA needs to comprise approximately 1% of the total
DNA usmg DNA-based assays to detect mutations [36].

If the specimen contains a high percentage of nontumor
cells, false-negative results may occur, even in specimens
with a sufficient amount of tumor cells [37], Certainly,
the number of tumor cells would be associated with the
sticcess/failure of rolecular testing. Folch et al, [28] com-
pared the amount of tumor cells in the cell block speci-
mens sampled by endobronchial ultrasound-traiisbron-
chial needleaspiration between the molecular testing fail-

ure group and the success group, and found that a
specimen with less than 100 tamor-cells per slide was as-
sociated with the failure of molecular testing. However,
the detection threshold varies according to the detection

methods. Actually; a clear posifive reaction ifi a single cell

is consiflered to be positive with ALK immunohisto-
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‘The’ performance of scientifically and ethxca%ly valid prospective clinical trials is the only
means by which to obtain reliable clinical evidence that can improve clinical practice and
thus th ome ofp'\uents with lung cancer. The efficacy of treatment for advanced lung
cancer yemains limited; many . cooperative mdy ‘groups for lung cancer havé beén
estabhshed in. Japau ‘since 1990s, oy ‘hava .completed several landmark
invesugator-lnmated clinieal tefals. 'rhis higmlgl:ts eight ‘active Japanese ‘coopera-
tive study groups for hmg cancer and sumimarizes ‘their achievements made through
clinical als. In addition to their beneﬁts, the existence of multiple study groups for:a
shngle dispase such ag lung cancer presents several challenges including the provision of
mfrastructure to ensure the scientific integrity of trial results, the unnecessary duplication
of effort and the wasting of limited resources, and the accrual and completion-of large-
seale phase 11 trials in the shortest poss;ble time. Collaboration among Japanese
cqoperat;ve,groups has recently increased in order to overcome these chanenges Although

. new lung cancer therapies
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