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Fig. 5 CD133" tumor-specific LN T-cell treatment induced the
accumulation of CD4" T cells and activated DCs. a CD4 (upper
graphs) and CD8 (lower graphs) expression in gated CD45" cells.

indicate that CD133% tumor-specific antigens are highly
immunogenic and can induce tumor-specific CD41 and
CD8™ effector T cells to eradicate whole tumor cells.
Immunization with irradiated whole CD133" tumor
cells induced CD133* tumor-specific T-cell priming. It is
unclear why T cells were not primed by the majority of
antigens but were instead primed by the minority of
CD133" tumor-specific antigens. One possible explanation
is that CD133™ melanoma cells possessed molecules that
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b I-A” (upper graphs) and CD80 (lower graphs) expression on gated
CD11c™ cells. All cells were derived from tumor tissues harvested
15 days after T-cell treatment

stimulate DCs. However, co-culture of DCs with CD133%
or CD133™ melanoma cells showed no significant differ-
ences in the expression of MHC class T and I or
co-stimulatory molecules or in the production of IL-4, IL-12,
and IL-23 (data not shown). A second possibility is that the
counterparts of effector T cells that abrogate effector T-cell
expansion are not induced for CD133% melanoma epitopes.
It is reported that Tregs are maintained with antigen pre-
sentation by DCs that acquire apoptotic cells without
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Fig. 6 Induction of CD4* T cells that recognized CD133™ BI6
melanoma antigens in mice cured with D133 tumor-specific CD4™
LN T-cell infusion. a One million parental B16 melanoma cells were
subcutaneously inoculated. Isolated CD4* and CD8™" T cells derived
from LN T cells draining CD133% or CD133™ tumor antigens were
intravenously infused after sublethal whole-body irradiation. The
figures present the microfluorometer analyses showing forward and
side scatter plots of cells derived from digested tumor tissues 14 days
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infusion. In a 96-well plate, 1 x 10° CD62L°Y CD4™ T cells isolated
from the spleens were stimulated with 2 x 10* DCs pulsed with
tumor antigens in 200 pl CM for 48 h. DCs for stimulation were
purified with CD1lc microbeads after overnight co-culture with
irradiated tumor cells. IFN-y and IL-17A were measured with ELISA
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danger signals [26, 27]. Because the CD133™ tumor cell
population is so small and immortal that sufficient antigens
are not delivered for the DCs, it is possible that peripheral
tolerance is not well established for CD133" tumor-spe-
cific antigens. It is difficult to quantify antigen-specific
Tregs; however, because Th17 and Tregs have reciprocal
developmental pathways and affect each other’s generation
[25], the absence of Tregs likely results in Th17 cell
induction. This is consistent with our observation that
CD133™ tumor antigens tended to prime type Th17 CD4™"
T cells (Fig. 2c). Further, we observed that Treg induction
was significantly suppressed in the tumor tissues and
draining LNs of mice in the presence of CD133™" tumor-
specific CD4 T cells.

It is still unclear whether Th17 cells promote tumor
growth or regulate antitumor responses [28]. It has been
demonstrated that Th17 cells play critical roles in inflam-
mation and autoimmune discases since development of
Th17 cells is reciprocally related to Foxp3™t Treg cells, and
Th17 cells can shift to Thl lineage [25, 29]. Thus, the
microenvironment that promotes Thl7 differentiation
likely facilitates antitumor immunity. It is demonstrated
that Th17 cells promoted dendritic cell recruitment into the
tumor tissues and increased tumor-specific CD8* T cells
resulting in potent antitumor reactivity [21]. This is con-
sistent with our data that treatment with CD133" tumor-
specific CD4" T cells, which included Th17, resulted in
long-lasting accumulation of T cells and activated DCs in
tumors (Figs. 4, S, and 6). On the other hand, Th17-asso-
ciated cytokines, such as IL-17 and IL-6, may promote
tumor growth through tumor neovascularization and car-
cinogenesis via STAT-3 signaling [30, 31]. In patients with
prostate cancer, ovarian cancer, and small cell lung cancer,
it is revealed that Th17 differentiation inversely correlated
with tumor progression [23, 32, 33]. More recently, it was
demonstrated that treatment with antibody against cyto-
toxic T lymphocyte antigen 4 induces Th17 cells in patients
with melanoma and favors survival [34]. These data
strongly suggest that Th17 cells play a protective role in
human antitumor immunity [28].

CD133" melanoma-specific antigens preferentially
induce Th17 and Thl, but not Treg or Th2, cells. Immu-
notherapy with CD133"% tumor-specific T cells mediated
potent therapeutic efficacy, effectively curing mice of the
established parental tumors. These CD133™ tumor-specific
immune responses not only eradicated CD133™ tumor cells
but also promoted induction of T cells that recognized
CDI133" tumor antigens. It is still unclear why CD133%
cells are superior to CD133™ cells in inducing protective
immunity. We examined whether CD133™ cells possess
molecules that could stimulate DCs; however, no differ-
ences were observed in the surface expression of CD80,
CD86, CD40L, and OX40L (data not shown). Cytokines

that affect DC differentiation, such as IL-4, IL-12, and
1L-23, were also examined with ELISA. Either CD133% or
CD133™ tumor cells produced detectable cytokines. Fur-
ther, we conducted proteome analyses and found 4 proteins
that were preferentially expressed in CD133™" tumor cells.
Thus, it is possible that the CD133™ tumor-specific pro-
teins are immunogenic to induce antitumor protective
immunity. Taken together, CD133™ tumor-specific anti-
gens are ideal immunogenic targets and have important
implications in antitumor vaccination therapy.

Conflict of interest None.

References

1. Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, Hide T,
Henkelman RM, Cusimano MD, Dirks PB (2004) Identification
of human brain tumour initiating cells. Nature 432:396-401

2. LiC, Heidt DG, Dalerba P, Burant CF, Zhang L, Adsay V, Wicha
M, Clarke MF, Simeone DM (2007) Identification of pancreatic
cancer stem cells. Cancer Res 67:1030-1037

3. Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M, Todaro M,
Peschle C, de Maria R (2007) Identification and expansion of
human colon-cancer-initiating cells. Nature 445:111-115

4, O’Brien CA, Pollett A, Gallinger S, Dick JE (2007) A human
colon cancer cell capable of initiating tumour growth in immu-
nodeficient mice. Nature 445:106-110

5. Schatton T, Murphy GF, Frank NY, Yamaura K, Waaga-Gasser
AM, Gasser M, Zhan Q, Jordan S, Duncan LM, Weishaupt C et al
(2008) Identification of cells initiating human melanomas. Nature
451:345-349

6. Mimeault M, Batra SK (2007) Functions of tumorigenic and
migrating cancer progenitor cells in cancer progression and
metastasis and their therapeutic implications. Cancer Metastasis
Rev 26:203-214

7. Diehn M, Clarke MF (2006) Cancer stem cells and radiotherapy:
new insights into tumor radioresistance. J Natl Cancer Inst
98:1755-1757

8. Frank NY, Margaryan A, Huang Y, Schatton T, Waaga-Gasser
AM, Gasser M, Sayegh MH, Sadee W, Frank MH (2005)
ABCB5-mediated doxorubicin transport and chemoresistance in
human malignant melanoma. Cancer Res 65:4320-4333

9. Monzani E, Facchetti F, Galmozzi E, Corsini E, Benetti A,
Cavazzin C, Gritti A, Piccinini A, Porro D, Santinami M et al
(2007) Melanoma contains CD133 and ABCG2 positive cells
with enhanced tumourigenic potential. Bur J Cancer 43:935-946

10. Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland AB,
Dewhirst MW, Bigner DD, Rich JN (2006) Glioma stem cells
promote radioresistance by preferential activation of the DNA
damage response. Nature 444:756-760

11. Malanchi I, Peinado H, Kassen D, Hussenet T, Metzger D,
Chambon P, Huber M, Hohl D, Cano A, Birchmeier W et al
(2008) Cutaneous cancer stem cell maintenance is dependent on
beta-catenin signalling. Nature 452:650-653

12. Copland M, Hamilton A, Elrick LJ, Baird JW, Allan EK, Jord-
anides N, Barow M, Mountford JC, Holyoake TL (2006) Dasat-
inib (BMS-354825) targets an earlier progenitor population than
imatinib in primary CML but does not eliminate the quiescent
fraction. Blood 107:4532-4539

13. Hemmati HD, Nakano I, Lazareff JA, Masterman-Smith M,
Geschwind DH, Bronner-Fraser M, Komblum HI (2003)

@ Springer

229



1608

Cancer Immunol Immunother (2011) 60:1597-1608

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cancerous stem cells can arise from pediatric brain tumors. Proc
Natl Acad Sci USA 100:15178-15183

Rappa G, Fodstad O, Lorico A (2008) The stem cell-associated
antigen CD133 (Prominin-1) is a molecular therapeutic target for
metastatic melanoma. Stem Cells 26:3008-3017

Sharma SV, Lee DY, Li B, Quinlan MP, Takahashi F,
Maheswaran S, McDermott U, Azizian N, Zou L, Fischbach MA
et al (2010) A chromatin-mediated reversible drug-tolerant state
in cancer cell subpopulations. Cell 141:69-80

Kagamu H, Shu S (1998) Purification of L-selectin (low) cells
promotes the generation of highly potent CD4 antitumor effector
T lymphocytes. J Immunol 160:3444-3452 )
Fujita N, Kagamu H, Yoshizawa H, Itoh K, Kuriyama H, Mat-
sumoto N, Ishiguro T, Tanaka J, Suzuki E, Hamada H et al (2001)
CD40 ligand promotes priming of fully potent antitumor CD4(+)
T cells in draining lymph nodes in the presence of apoptotic
tumor cells. J Immunol 167:5678-5688

Hiura T, Kagamu H, Miura S, Ishida A, Tanaka H, Tanaka J,
Gejyo F, Yoshizawa H (2005) Both regulatory T cells and anti-
tumor effector T cells are primed in the same draining lymph
nodes during tumor progression. J Immunol 175:5058-5066
Watanabe S, Kagamu H, Yoshizawa H, Fujita N, Tanaka H,
Tanaka J, Gejyo F (2003) The duration of signaling through
CDA40 directs biological ability of dendritic cells to induce anti-
tumor immunity. J Immunol 171:5828-5836

Kagamu H, Touhalisky JE, Plautz GE, Krauss JC, Shu S (1996)
Isolation based on L-selectin expression of immune effector T
cells derived from tumor-draining lymph nodes. Cancer Res
56:4338-4342

Martin-Orozco N, Muranski P, Chung Y, Yang XO, Yamazaki T,
Lu S, Hwu P, Restifo NP, Overwijk WW, Dong C (2009) T
helper 17 cells promote cytotoxic T cell activation in tumor
immunity. Immunity 31:787-798

Kryczek I, Wei S, Szeliga W, Vatan L, Zou W (2009) Endoge-
nous IL-17 contributes to reduced tumor growth and metastasis.
Blood 114:357-359

Koyama K, Kagamu H, Miura S, Hiura T, Miyabayashi T, Itoh R,
Kuriyama H, Tanaka H, Tanaka J, Yoshizawa H et al (2008)
Reciprocal CD4+ T-cell balance of effector CD62LIow CD4+
and CD62LhighCD25+CD4+- regulatory T cells in small cell
lung cancer reflects disease stage. Clin Cancer Res 14:6770-6779

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

230

Miyahara Y, Odunsi K, Chen W, Peng G, Matsuzaki J, Wang RF
(2008) Generation and regulation of human CD4+IL-17-pro-
ducing T cells in ovarian cancer. Proc Natl Acad Sci USA
105:15505-15510

Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M,
Weiner HL, Kuchroo VK (2006) Reciprocal developmental
pathways for the generation of pathogenic effector TH17 and
regulatory T cells. Nature 441:235-238

Steinman RM, Turley S, Mellman I, Inaba K (2000) The induc-
tion of tolerance by dendritic cells that have captured apoptotic
cells. J Exp Med 191:411-416

Hawiger D, Inaba K, Dorsett Y, Guo M, Mahnke K, Rivera M,
Ravetch JV, Steinman RM, Nussenzweig MC (2001) Dendritic
cells induce peripheral T cell unresponsiveness under steady state
conditions in vivo. J Exp Med 194:769-779

Zou W, Restifo NP (2010) T(H)!7 cells in tumour immunity and
immunotherapy. Nat Rev Immunol 10:248-256

Shi G, Cox CA, Vistica BP, Tan C, Wawrousek EF, Gery I
(2008) Phenotype switching by inflammation-inducing polarized
Th17 cells, but not by Thl cells. J Immunol 181:7205-7213
Numasaki M, Fukushi J, Ono M, Narula SK, Zavodny PJ, Kudo
T, Robbins PD, Tahara H, Lotze MT (2003) Interleukin-17 pro-
motes angiogenesis and tumor growth. Blood 101:2620-2627
Wang L, Yi T, Kortylewski M, Pardoll DM, Zeng D, Yu H
(2009) IL-17 can promote tumor growth through an IL-6-Stat3
signaling pathway. J Exp Med 206:1457-1464

Sfanos KS, Bruno TC, Maris CH, Xu L, Thoburn CJ, DeMarzo
AM, Meeker AK, Isaacs WB, Drake CG (2008) Phenotypic
analysis of prostate-infiltrating lymphocytes reveals TH17 and
Treg skewing. Clin Cancer Res 14:3254-3261

Kryczek 1, Banerjee M, Cheng P, Vatan L, Szeliga W, Wei S,
Huang E, Finlayson E, Simeone D, Welling TH et al (2009)
Phenotype, distribution, generation, and functional and clinical
relevance of Th17 cells in the human tumor environments. Blood
114:1141-1149

von Euw E, Chodon T, Attar N, Jalil J, Koya RC, Comin-Anduix
B, Ribas A (2009) CTLA4 blockade increases Th17 cells in
patients with metastatic melanoma. J Transl Med 7:35



Watanabe et al. BMC Cancer 2011, 11:1
httpy//www.biomedcentral.com/1471-2407/11/1

RESEARCH ARTICLE

Clinical responses to EGFR-tyrosine kinase
inhibitor retreatment in non-small cell lung
cancer patients who benefited from prior
effective gefitinib therapy: a retrospective analysis
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Abstract

gefitinib therapy.

responders.

Background: Gefitinib was the first epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TK|) approved
for the treatment of advanced non-small cell lung cancer (NSCLC). Few treatment options are available for NSCLC
patients who have responded to gefitinib treatment and demonstrated tumor progression. The present study was
conducted to evaluate the efficacy and toxicity of the 2" EGFR-TKI administration.

Methods: We retrospectively analyzed 11 patients who had obtained a partial response (PR) or stable disease (SD)
with gefitinib treatment and were re-treated with EGFR-TKI after failure of the initial gefitinib treatment.

Results: Three patients (27%) were treated with gefitinib as the 2" EGFR-TKI, and 8 patients (73%) received
erlotinib. Only one patient (9%) showed PR, 7 (64%) achieved SD, and 3 (27%) had progressive disease. The disease
control rate was 73% (95% Cl, 43% - 91%) and the median progression-free survival was 3.4 months (95% Cl,

2 - 5.2). The median overall survival from the beginning of the 2"® EGFR-TKI and from diagnosis were 7.3 months
(95% Cl, 2.7 - 13) and 36.7 months (95% Cl, 23.6 - 43.9), respectively. No statistical differences in PFS or OS were
observed between gefitinib and erlotinib as the 2"® EGFR-TKI (PFS, P = 0.23 and OS, P = 0.052). The toxicities
associated with the 2" EGFR-TKI were generally acceptable and comparable to those observed for the initial

Conclusions: Our results indicate that a 2" EGFR-TKI treatment can be an effective treatment option for gefitinib

Background

Gefitinib was the first epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI) to become available
for the treatment of non-small cell lung cancer (NSCLC).
Several studies have demonstrated that gefitinib is effec-
tive for the second-line treatment of NSCLC [1-3].
Although the phase III ISEL trial failed to prove the
superiority of gefitinib treatment compared to placebo in
previously treated patients, a subgroup analysis demon-
strated improved survival in particular populations
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(Asians and non-smokers) [4]. Further analyses in other
studies have also revealed that clinical factors (Asians,
females, non-smokers, and adenocarcinoma histology)
are associated with the response to gefitinib treatment
[5]. EGFR mutations, such as the deletion of exon 19 and
the single L858R mutation in exon 21, have also been
reported to be correlated with a longer survival and were
found more frequently in Asian patients [6-8]. Recently, a
superior progression-free survival (PFS) with gefitinib
compared with the combination of carboplatin and pacli-
taxel in untreated NSCLC patients with predictors of
gefitinib sensitivity was proven in two large phase III stu-
dies [9,10]. Gefitinib is now recommended for advanced

© 2011 Watanabe et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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or metastatic NSCLC patients under such circumstances
as a first or a second-line treatment.

Despite the high disease control rate (DCR), gefitinib
treatment is not curative and eventually there is disease
recurrence, even in patients with predictors of sensitiv-
ity. For the many NSCLC patients who previously
responded to gefitinib but later showed tumor progres-
sion, very few treatment options are available.

Some investigators have conducted studies to evaluate
the efficacy of EGFR-TKI re-administration [11-14]. In
most of those studies, both gefitinib responders and
non-responders were retreated with gefitinib or erloti-
nib, and gefitinib responders tended to benefit from the
274 EGFR-TKL

Here, we retrospectively analyzed the efficacy of the
2" EGFR-TKI administration after failure of the initial

gefitinib treatment in NSCLC patients who had pre-
viously achieved disease control with gefitinib. The risks

of the 2°¢ administration of EGFR-TKI, especially the
association with adverse events in the initial gefitinib
treatment, were also evaluated.

Methods

Patients

We conducted a retrospective search of the medical
records at Niigata University Medical and Dental Hospi-
tal, from June 2005 through October 2009, and we iden-
tified 11 NSCLC patients who had obtained a partial
response (PR) or stable disease (SD) with gefitinib treat-
ment and undergone EGFR-TKI retreatment sometime
after the failure of the initial gefitinib treatment. All
patients were treated initially with oral gefitinib at a
dose of 250 mg/day, which was continued until either a
radiographic tumor or overt clinical progression was
observed. The same dose of gefitinib, or erlotinib at a
dose of 150 mg/day, was used for EGFR-TKI retreat-
ment and continued until tumor progression was
detected.

Assessment of the response and adverse events
The tumor response was evaluated by radiologic exami-
nations according to the Response Evaluation Criteria in
Solid Tumors (RECIST) [15]. Disease control was
defined as complete response (CR), PR or SD. PES and
overall survival (OS) were defined as the period from
the start of the treatment to the date when disease pro-
gression and death, respectively, were observed.

Adverse events were assessed according to Common
Terminology Criteria for Adverse Events of the National
Cancer Institute (version 3.0) [16].

Statistical analysis
PFS and OS estimates were obtained using the Kaplan-
Meier method.

Page 2 of 7

Table 1 Patient Characteristics 1

Characteristics No. of Patients %
Total enrolled 1
Gender
Female 8 73
Male 3 27
Age (y)
Median 55
Range 46-70
ECOG performance status
1 6 55
2 0 0
3 3 27
4 2 18
Histology
Adenocarcinoma 10 91
Squamous 1 9
Smoking history
Current 3 27
Ex-smoker 1 9
Never 7 64
EGFR mutation
Exon 19 deletion 2 18
L858R 1 9
Not available 8 73

EGFR, epidermal growth factor receptor.

Results

Patient characteristics

Of the 11 identified patients who benefited from gefiti-
nib and were retreated with EGFR-TKI, 3 patients (27%)
received gefitinib and 8 patients (73%) received erlotinib
as the 2™ round of EGFR-TKL As shown in Table 1 the
ages of patients ranged from 46 to 70 years (median, 55
years), and there were 8 females (73%), 7 non-smokers
(64%), and 10 adenocarcinoma patients (91%). Three
patients (27%) exhibited EGFR gene mutations, but the
mutation statuses of the other 8 patients (73%) were not
determined. All patients had received platinum-based
chemotherapy before the initial gefitinib treatment. The
patient characteristics, including treatment backgrounds
and responses, are summarized in Table 2.

Response to the initial gefitinib treatment

During the 1°* EGFR-TKI treatment with gefitinib, 8
patients achieved PR as the best response (73%, Table
3), and 3 patients (27%) were SD. The median PFS was
9.8 months, with a 95% CI of 6.6 to 16.7 months.

Response to the 2™ EGFR-TKI

Three patients (27%) received the 274 EGFR-TKI imme-
diately after gefitinib failure, and 8 (73%) underwent 1
cytotoxic regimen between the initial gefitinib and the
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Table 2 Patient Characteristics 2

Page 3 of 7

Case Age Gender Smoking Histology EGFR PFS to TKi Interval from Chemo. PS Response PFSto OS from
) mutation 1 TKI sequence 1t and 2™  after 1% 21K 2™ TKI
1 50 F Current Ad NA 98 G-oE 79 (GBDCA 1 PD 09 131
+GEM
2 46 F Never Ad NA 118 GG 4.5 DOC 1 PR 6.4 246
3 58 F Ex Ad 19 384 GG 28 DOC 1 SD 73 24.1
deletion
4 70 F Never Sq NA 10.2 G-E 128 GEM 1 D 1.7 43
5 60 F Never Ad NA 13 GG 54 GEM 1 PD 1.6 2.1
6 63 F Never Ad NA 74 G-E 26 - 3 sb 36 78
7 52 M Never Ad L858R 58 G-E 1 - 4 SD 64 64
8 51 M Current Ad NA 43 G—E 16 AMR 3 PD 06 09
9 61 F Never Ad NA 85 G-k 23 VNR 3 SD 29 4
10 53 F Never Ad NA 129  G-E 0 - 4 SD 6.2 73
1 54 M Current Ad 19 38  GoE 73 VNR 1 o 32 5
deletion

PFS, progression-free survival; TKI, tyrosine kinase inhibitor; PS, performance status; OS, overall survival; F, female; M, male; Ex, ex-smoker; Ad, adenocarcinoma;
Sq, squamous cell carcinoma; G, gefitinib; E, erlotinib; CBDCA, carboplatin; GEM, gemcitabine; DOC, docetaxel; AMR, amrubicin; VNR, vinorelbine; PR, partial

response; SD, stable disease; PD, progressive disease.

274 EGFR-TKI treatments. The median interval from the
discontinuation of gefitinib to the 2" EGFR-TKI was
2.8 months (95% CI, 1.9 - 6.9, Table 3). Only one
patient (9%) demonstrated PR, 7 (64%) remained SD,
and 3 (27%) had PD. The DCR was 73% (95% CI, 43% -
91%) and the median PFS was 3.4 months (95% CI, 2 -
5.2). The median OS from the beginning of the 2™
EGFR-TKI and from diagnosis were 7.3 months (95%
Cl, 2.7 - 13.0) and 36.7 months (95% CI, 23.6 - 43.9),
respectively. No statistical differences in PFS or OS were
observed between gefitinib and erlotinib as the 2™¢
EGFR-TKI (PFS, P = 0.23 and OS, P = 0.052).

In contrast with previous studies, we further com-
pared the clinical courses of the patients with those of
gefitinib responders who were not treated with a 2™
EGFR-TKI following gefitinib failure. We reviewed the

Table 3 Summary of prior therapy
Characteristics

No. of patients %

No. of chemotherapy regimens before gefitinib

1 2 18
2 4 36
3 4 36
4 1 9
Best response to gefitinib
PR 8 73
sD 3 27
PFS to gefitinib
Median 9.8
95% Ci 6.6 - 16.7
Interval from discontinuation of gefitinib to 2" EGFR-TKI
Median 28
95% Cl 19-69

medical records at our institute and found 9 patients
with backgrounds that were similar to those of the 2™
EGFR-TKI patients (sex, age (< 70 years old or > 70
years old), histology, and response to gefitinib treat-
ment). No statistical differences in PFS to 1°* gefitinib
treatment were noted between both groups (9.8
months in the 2"¢ TKI group and 8.7 months (95% CI,
7.6 - 9.8) in the control group, P = 0.87). All of the
identified control patients had been treated with plati-
num-doublet chemotherapy before gefitinib but had
not received 2°* EGFR-TKIL The OS from the start of
the initial gefitinib treatment tended to be longer in
patients who received a 2"d EGER-TKI (median OS,
21.5 months (95% CI, 14.6 - 28.4)) compared to those
in the control group (median OS, 12.3 months (95%
CL, 94 - 15.2), P = 0.07).

In the control group, 5 out of 9 patients had been
treated with cytotoxic chemotherapy after gefitinib fail-
ure. To compare the efficacy of the 2°% EGFR-TKI
with chemotherapy after disease progression with gefi-
tinib, data were collected from these 5 patients in the
control group who had received chemotherapy after
gefitinib failure (Table 4). The DCR for chemotherapy
after gefitinib treatment was 20% and comprised one
SD and four PD. The median PFS and OS from the
start of chemotherapy after gefitinib treatment were
only 2 months (95% CI, 1.5 - 2.4) and 2.5 months
(95% CI, 2.2 - 2.8), respectively. No significant differ-
ences in the PFS or OS from the start of treatment
after gefitinib were observed between the patients who
received a 2" EGFR-TKI and those who underwent
cytotoxic chemotherapy (PFS, P = 0.1 and OS, P =
0.12); however, a 2 EGFR-TKI appeared to be a bet-
ter option for gefitinib responders.
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Table 4 Tumor response to 2nd EGFR-TKi vs.
chemotherapy

Characteristics 2" TKI group Control group P
0S from 1% gefitinib
Median 215 123 0.07
95% Ci 146 - 284 94 -152
Response to 2" TKI or chemotherapy
PR 1 0
SD 7 1
PD 3 4
PFS to 2™ TKI or chemotherapy
Median 34 2 0.1
95% Cl 2-52 15-24
05 from 2" TKl.or chemotherapy
Median 73 22 0.12
95% CI 27 -13 22-28

Toxicity profiles for the initial gefitinib and 2" EGFR-TKI
treatments

To determine whether the initial gefitinib treatment and
EGFR-TKI retreatment caused similar adverse events,
we assessed the toxicity profiles of all 11 patients (Table
5). The most common toxicity associated with both
treatments was a grade 1/2 skin rash. Although one
patient presented a grade 3 elevation of y-glutamyltran-
speptidase during both treatment with gefitinib and with
erlotinib (patient no. 7), the other observed toxicities
were generally acceptable. In 5 patients, the toxicity pro-
files for the initial gefitinib and the 2" EGFR-TKI treat-
ments were similar. None of the patients demonstrated
interstitial lung disease in response to EGFR-TKI.

Discussion

To the best of our knowledge, 18 cases of patients who
received gefitinib re-administration after failure of the
initial gefitinib treatment have been reported to date,
including 3 cases reported by our group (Table 6)
[17-21]. All 18 patients responded to the initial gefitinib
treatment, and most of the cases underwent cytotoxic
chemotherapy between the first and second gefitinib
therapy. Fourteen patients benefited from the 2™ gefiti-
nib treatment, and the overall DCR was 78%. In our 3
patients, the toxicity of the 2" gefitinib was similar to
that observed for the initial gefitinib treatment and was
acceptable. Gefitinib retreatment is likely a good option
for patients who have demonstrated a response to a pre-
vious gefitinib treatment.

Clinical studies have demonstrated that erlotinib is
effective even in patients who are not considered to be
good responders to gefitinib, such as those with a nega-
tive EGFR mutation, squamous cell carcinoma, or a his-
tory of smoking [22]. Because erlotinib is used at its
maximum tolerated dose, whereas gefitinib is used at
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Table 5 Toxicity profiles for the initial gefitinib and 2nd
EGFR-TKI treatments. Adverse events were evaluated
according to Common Terminology Criteria for Adverse
Events of the National Cancer Institute (version 3.0).

Case Initial gefitinib 2" EGFR-TKI
1 - Rash G2
2 Rash G2 -
3 - -
4 Rash Gz, Liver G1, Diarrhea G2 Rash G1, Diarrhea G1
5 Rash G1 Rash G2
6 Diarrhea G2, Taste alteration G2 Rash G1, Diarrthea G1
7 Rash G2, Liver G3 Rash G2, Liver G3
8 Rash G2 Liver G2
9 Rash G1, Nail G1, Nausea G1 Rash G1
10 Liver G1 -

1 - Rash G1, Diarrhea G1

G, grade; Liver, serum glutamic pyruvic transminase, serum glutamic
oxaloacetic transaminase and y-glutamyltranspeptidase.

only about one-third of its maximum tolerated dose in
daily practice, the biological activity of erlotinib at stan-
dard doses may be higher than that of gefitinib
[2,4,23-25]. These reports suggest that erlotinib may be
active even in patients who demonstrated tumor pro-
gression during a prior gefitinib treatment. Thus, erloti-
nib has been selected as a treatment option for use after
gefitinib failure (Table 7) [11-14,26-33]. In most studies,
including the present investigation, favorable results
have been documented, and the authors have concluded
that erlotinib appears to be a useful treatment after gefi-
tinib failure.

Although it is difficult to address the precise mechan-
ism underlying these results, several studies have sug-
gested a possible explanation for the clinical benefit of
EGFR-TKI retreatment. Some cytotoxic agents have
been reported to restore the sensitivity of NSCLC cells
to gefitinib in vitro by increasing EGFR phosphorylation
[34,35]. It is also possible that chemotherapy during the
EGFR-TKI-free interval could decrease EGFR-TKI resis-
tant tumor cells. However, no significant differences in
PES or OS were observed between our patients who
received chemotherapy before the 2™ EGFR-TKI and
those who received the 2°¢ EGFR-TKI immediately after
gefitinib failure. In addition, the duration between the
initial gefitinib and the 2" EGFR-TKI treatments was
not associated with the response to 2*¢ EGFR-TKI.
Similarly to these findings, other researchers have found
no evidence that either chemotherapy among the 1%
and 2" EGFR-TKIs or the duration of the EGFR-TKI-
free period affects either PFS or OS in the 2" EGFR-
TKI [31,33].

Secondary EGFR mutations might be associated with
the efficacy of erlotinib after gefitinib failure. MET
amplification and secondary EGFR mutations, such as
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Table 6 Patient characteristics of the previous studies of
gefitinib readministration

Response to gefitinib  Response to

2" gefitinib

Author No. of CR/PR/SD PD  CR/PR/SD PD
patients

Yokouchi H et al. 9 9 - 8 1
Yoshimoto A et al. 1 1 - 1 0
Yano S et al. 3 3 - 2 1
Hashimoto N et al. 1 1 - 0 1
Kurata T et al. 1 1 - 1 0

CR, complete response.

T790 M, L747 S, D761Y, and T854A have been identi-
fied in NSCLC patients with an acquired resistance to
EGFR-TKI [36-42]. T790 M mutation was found in
50%, MET amplification in 20%, and other secondary
mutations in less than 5% of the NSCLC patients carry-
ing EGFR mutations with TKI resistance [43,44]. In
vitro studies have revealed that tumor cells carrying
non-T790 M mutations show a partial resistance to
EGFR-TKI, but are much less resistant compared to
cells with T790 M. These data suggest that an increased
EGFR-TKI dose might circumvent the acquired resis-
tance caused by non-T790 M mutations. Previous stu-
dies have indicated that the serum concentration of
erlotinib is several-fold higher than that of gefitinib at
standard doses [24,25]. This difference in biological
activities between the TKIs may contribute to the effi-
cacy of erlotinib after gefitinib failure in patients carry-
ing non-T790 M mutations.

In conclusion, our findings suggest that a 2% EGFR-
TKI can be a treatment option for patients who benefited
from a previous gefitinib treatment. However, as shown

Table 7 Patient characteristics of the previous studies of
erlotinib after gefitinib failure

Response to Response to
gefitinib erlotinib

Author No.of CR/PR/ PD CR/PR/ PD DCR

patients sb SD (%)
Lee DH et al. 23 17 6 2 2 9
Cho BC et al. 21 10 1 6 15 29
Viswanathan A 5 4 1 0 5 0
et al.
Costa DB et al. 18 16 2 4 14 22
Sim SH et al. 16 1M 5 4 12 25
Chang JW et al. 1 10 10 100
Garfield DH et al. 1 10 1 0 100
Vasile E et al. 8 8 0 5 3 63
Gridelli C et al. 3 3 0 3 0 100
Wong AS et al. 14 9 5 5 9 36
Zhou ZT et al. 21 15 6 10 11 48
Wong MK et al. 21 8 3 12 9 57
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in Table 7 some studies failed to demonstrate the efficacy
of 2"¢ EGFR-TKI after gefitinib failure. Cho et al. men-
tioned that the tumor response to 1° gefitinib treatment
can be a predictive marker [14]. They described that
patients who showed SD during 1** gefitinib treatment
had better survival with 2 EGFR-TKI, however those
who had PD to 1°* gefitinib rarely responded to 2™
EGFR-TKI. The difference in the percentage of patients
with a good predictor might affect the results of these
trials about 2™ EGFR-TKI. Intense research has been
devoted to clarifying the mechanism responsible for
acquired resistance, but it is difficult to obtain clinical
samples from all patients to confirm MET amplification
or secondary mutations. Jackman et al. recently published
a clinical definition of acquired resistance to EGFR-TKI
[45]. This consensus definition will facilitate the estab-
lishment of standard entry criteria for studies investigat-
ing acquired resistance. All of our patients except one
met these criteria (no. 8 in Table 2). Despite rapid tumor
progression during a previous cytotoxic chemotherapy,
this patient obtained SD with an initial gefitinib therapy
of 4.3 months, and therefore we considered this patient
to have benefited from the gefitinib treatment. Further
clinical trials are required to develop a novel treatment
for patients with acquired resistance.

Conclusion

In the current study, we analyzed the efficacy and toxicity
of a 2°4 EGFR-TKI treatment in patients who demon-
strated a response to prior gefitinib therapy and tumor
progression. A second EGFR-TKI treatment was generally
effective in patients who had benefited from the initial
gefitinib therapy. The adverse events associated with a 2"
EGFR-TKI were acceptable and comparable with those
observed for the initial gefitinib therapy. In Japan, gefitinib
has been approved for the treatment of inoperable and
recurrent NSCLC since 2002, and many patients have
already experienced a need for a new treatment option fol-
lowing gefitinib treatment. Based on the present data, a
2"! EGFR-TKI treatment could represent a potentially
new treatment for gefitinib responders. Prospective clinical
trials and translational analyses in this area of research are
warranted.
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Abstract

Objective: To establish cytological features of pulmonary
pleomorphic carcinoma (PC) or giant cell carcinoma (GQC), we
evaluated the cytological characteristics of these tumors us-
ing a multidisciplinary approach. Study Design: Samples
from 13 surgically resected and histologically confirmed PC
or GC patients were collected from our institutes. Eight cases
without prior chemotherapy before surgery were selected,
and cytological features were analyzed. Results: The back-
ground contained numerous lymphocytes and neutrophils.
The tumor cells were arranged in flat loose clusters, but
some were in fascicles. The shape of the tumor cell was spin-
dle or pleomorphic, and the sizes of the tumor cells varied by
more than 5-fold. The tumor cells had an abundant, thick
and well-demarcated cytoplasm. The location of the nucleus
was centrifugal, and the nucleus was oval or irregularly
shaped. Multinucleated giant cells were frequently ob-
served. The size of the nucleus was more than 5 times that of
normal lymphocytes, and its size also varied by more than
5-fold. The nuclear membrane was thin, and nuclear chro-

matin was coarsely granular, while the nucleolus was single
and round. Conclusion: PC or GC has characteristic cytolog-
ical features, however, spindle cells tended to be hardly ob-
served in cytological specimens in some cases.

Copyright © 2011 S. Karger AG, Basel

Pleomorphic carcinoma (PC) is defined as a poorly
differentiated non-small cell lung carcinoma (NSCLC),
namely squamous cell carcinoma, adenocarcinoma or
large cell carcinoma containing spindle cells and/or giant
cells, or a carcinoma containing only spindle cells and gi-
ant cells [1]. The spindle or giant cell component should
comprise at least 10% of the tumor. Giant cell carcinoma
(GC) is NSCLC composed of highly pleomorphic mono-
and/or multinucleated tumor giant cells. This tumor is
composed entirely of giant cells and does not have spe-
cific patterns of adenocarcinoma, squamous cell or large-
cell carcinoma. The tumor cells are discohesive and tend
to dissociate from each other [1].

The prognosis for PC patients is worse than that for
patients with other NSCLC in surgically operated cases
[2-4]. However, there have been some contradictory re-
ports that PC has similar clinical behavior and prognosis
as other NSCLC [5-7]. Histologic diagnosis is usually
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Table 1. Clinical summary of cases with pleomorphic carcinoma or giant cell carcinoma

Case Agel Location Smoking Size Stage Adjuvant Follow up Compo-
sex pack-years mm therapy months _ prognosis nent
1 69/F LU/P 49 17 none 14 alive S/G/A/L
2 76/M LU/P 122 55 IITA chemo. + rad. 7 alive SIG/A/L
4 62/M RU/P 126 80 v none 3.5 dead SIA
7 68/M LL/P 18 16 IA none 32 recurrence SIG/A
8 68/M LL/P 50 32 IIB none 21 recurrence S/A
9 82/M RM/P 60 60 IIB none 60 alive SIG
10 39/F LL/C 8 50 IIIA rad. + chemo. 40 alive SIG/A
12 78/M RU/P 55 25 v UFT 23 alive G

LU = Left upper lobe; RU = right upper lobe; LL = left lower lobe; RM = right middle lobe; P = peripheral; C = central; S = spindle
cells; G = giant cells; A = adenocarcinoma; L = large cell carcinoma; Chemo. = chemotherapy; Rad. = radiotherapy; UFT = 5-fluoro-

uracil derivative.

made with surgically removed tumors; however, diagno-
sis has to be made based on small biopsies or cytological
specimens for patients with an advanced-stage tumor.
Because of the difficulty in making a definite diagnosis
of PC or GG, it is not clear whether the prognosis of pa-
tients with those tumors in the advanced stage is worse
than that for patients with other NSCLCs. Although cy-
tological findings of PC or GC have been documented in
a few reports [8-13], there have been no multi-institu-
tional studies carried out by pulmonary cytopathologists.
The aim of this study was to elucidate the cytological
characteristics of PC or GC with specimens obtained
from the touch imprints of surgically removed tumors or
pre-operative transbronchial cytology specimens in pa-
tients whose tumor was surgically removed and con-
firmed histologically to be PC or GC, and to extend ap-
plication of those findings to specimens obtained from
brushing or curettage of advanced-stage tumors.

Materials and Methods

We collected 16 resected tumors that were identified as PC or
GC from our own institutes or from consultation cases. Patho-
logical findings were reviewed by 3 pulmonary pathologists
(K.H., T.K,, and Y.M.), after which 13 of the tumors were diag-
nosed as PC or GC. Members of the Committee on Pulmonary
Cytology of the Japan Lung Cancer Society evaluated the findings
of their own original cytological and pathological specimens us-

ing a microscope and made digital images of representative mi- -

croscopic findings for the 13 selected tumors. The digital images
were copied to a CD and distributed to each member of the com-
mittee. Autopsy cases and patients who received chemotherapy
before surgery were eliminated from this study, and 8 cases were

174 Acta Cytologica 2011;55:173-179

selected for analyses of cytological features. All of the authors are
experienced pulmonary cytopathologists with Board Certifica-
tion from the Japanese Society of Clinical Cytology, and all are
members of the Committee on Pulmonary Cytology of the Japan
Lung Cancer Society.

Each member of the Committee on Pulmonary Cytology eval-
uated the cytological findings of the samples independently. We
defined sarcomatoid component of PC as malignant giant and/or
spindle cells. We defined epithelial component of PC as malig-
nant tumor cells with glandular or squamous differentiation.
Component of large-cell carcinoma is also included in epithelial
component of PC. We defined large-cell carcinoma component as
tumor cells which have a tendency to formloosely structured clus-
ters composed of cells of unequal sizes without glandular or squa-
mous differentiation. We evaluated cytological features of sarco-
matoid component in each of the cases using the following pa-
rameters of the tumor cells by light microscopy: component of
tumor cells, background, number, sizes of clusters, nuclear over-
lapping, arrangement, shape, size, variability in size, pleomor-
phism, surface, adhesion, color of the cytoplasm, nature of the
cytoplasm, nuclear to cytoplasmic ratio, localization of the nu-
cleus (centrifugal or peripheral), shape of the nucleus, size of
the nucleus, pleomorphism of the nucleus, nuclear membrane,
amount of chromatin, chromatin texture, distribution of chroma-
tin, size and shape of the nucleolus, and number of nucleoli in the
nucleus. '

The age of the patients ranged from 39 to 82 years old (mean
67.8 years). Six were men and 2 were women. The tumor existed
at the periphery of the lung in 7 cases and at the central part of the
lungin 1 case. All of the patients were smokers. They smoked from
8 to 126 pack-years (average 61 pack-years). The size of the tumor
was from 16 to 80 mm in diameter (average 42 mm). Lobectomy
with lymph node dissection was performed in 7 cases, and partial
resection of the lung without lymph node dissection was done in
1 case because of poor pulmonary function (case 1). The tumor
stages were IA in 1 case, 1IB in 2 cases, IIIA in 2 cases, and [V in
2 cases. The TNM classification of case 1 is TINXMX (table 1).

Hiroshima et al.

244



Results

The cytological specimens were obtained with touch

imprint in 4 cases, and with transbronchial brushing in
3 cases; 2 of these were also evaluated with a touch im-
print sample, and 1 with transbronchial curettage. The
histological diagnosis was PCin 7 casesand GCin 1. The
NSCLC component of tumor cells in PC was adenocarci-
noma in 6 cases, while in 1 case the tumor was composed
of only spindle cells and giant cells.

Clinical Findings and Clinical Courses

The white blood cell counts were elevated to 9,400/p.l in
1 case but were within normal range in the other 7 cases.
Tumor markers were elevated in 5 cases. CEA was high in
4 cases (cases 1, 7, 8, and 9), and the CA19-9 level was also
highin 1 (case 8). The CYFRA level was high in 1 case (case
4). One patient had metastasis to the brain (case 4), and
another had metastasis to the right adrenal gland at the
time of surgical removal of the lung tumor (case 12). Re-
moval of the metastatic adrenal gland was performed after
resection of the lung tumor. Chemoradiotherapy was per-
formed in 2 patients after surgery. Recurrence was ob-
served in 2 cases: 1 had a recurrent tumor in the lung (case
7) and another in the brain (case 8). Radiotherapy to the
recurrent tumor in the lung was performed. The observa-
tion period from the time of the surgerywas 3.5-60 months
(average 29.7 months); 1 patient is dead, 2 are alive with
recurrence, and 5 are alive without recurrence (table 1).

Cytological Findings

There was no difference in cytological findings de-
pending on how the cytological specimens were obtained.
However, the amount of tumor cells was small in trans-
bronchial curettage samples, and large in transbronchial
brushing samples and in touch imprint of the surgically
resected tumor.

The background contained numerous lymphocytes
and neutrophils with or without necrotic debris (fig. 1).
There were a large number of tumor cells on the slides in
some cases, but not in others. The size of the clusters seen
on the slides was small, and the number of tumor cells
forming the clusters was less than 20 in half of the cases.
The shape of the tumor cell was spindle, or pleomorphic,
and variable (fig. 2, 3). The tumor cells were large and the
pleomorphism was marked. The tumor cell sizes varied
by more than 5-fold in half of the cases. The pleomorphic
cells varied in diameter from 40 to 80 wm, and occasion-
ally reached up to 120 wm. The tumor cells had an abun-
dant, thick and well-demarcated green cytoplasm that

Pulmonary Pleomorphic Carcinoma

Fig. 1. Touch imprint cytology of the resected tumor from case 10.
Pleomorphic spindle cells were observed in a necrotic back-
ground. Papanicolaou stain, x40.

was green and vacuolated in some of the cells. The nucle-
ar to cytoplasmic ratio was high. The location of the nu-
cleus was centrifugal, and the nucleus was oval or irregu-
larly shaped. Multinucleated giant cells were observed
frequently. The nucleus was more than 5 times the size of
normal lymphocytes in half of the cases and its size varied
by more than 5-fold in half of the cases, ranging from 15
to 30 wm. The nuclear membrane was thin, and the nu-
clear chromatin was coarsely granular with an increased
amount of chromatin, compared to non-tumor cells. The
distribution of chromatin was uneven in most cases. The
nucleolus was single, medium-sized, and round. The tu-
mor cells were arranged in flat loose clusters (fig. 2, 3), but
some were in fascicles (fig. 4). Cohesive clusters of atyp1cal
epithelial cells were also observed (fig. 5).

The components of tumor cells in pathological and
cytological specimens are listed in table 2. The spindle
cell component was observed in cytological specimens
from 4 cases, and in pathological specimens from 7 cases.
The giant cell component was observed in cytological
specimens from all cases with a giant cell component in
the pathological specimens. The adenocarcinoma com-
ponent was observed in cytological specimens from 4
cases, and in pathological specimens from 6 cases. The
large-cell carcinoma component was observed in cyto-
logical specimens obtained from all cases with a large cell
carcinoma component. Summary of cytological features
of sarcomatoid component of pleomorphic carcinoma
and giant cell carcinoma is listed in table 3.
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Fig. 2. Transbronchial brushing cytology of case 9. Pleomorphic  Fig. 3. Multinucleated cells were arranged in loose clusters in a
spindle cells were arranged in loose clusters. Papanicolaou stain,  background of lymphocytes (case 1). Papanicolaou stain, x40.
X40. ’

Fig. 4. Transbronchial brushing cytology of case 9. Pleomorphic  Fig. 5. Cohesive clusters of atypical epithelial cells were observed
spindle cells were arranged in fascicles. Papanicolaou stain, X40.  in a background of neutrophils (case 2). Papanicolaou stain, X40.

Discussion noted. There have been reports that pre-operative trans-
bronchial brushing cytology of the PC revealed adeno-

Hummel et al. reported that cytological findings of PC  carcinoma or atypical cells [10, 11]. Cytological study of
include a conspicuous population of pleomorphic spindle  the tumor in cases 1,2, and 4 in our study revealed adeno-
cells arranged singly, in loose clusters, and in fascicles, ~carcinoma and giant cells, but not spindle cells, although
and as microtissue fragments in a necrotic background spindle cells were components of the tumor. The results
[8]. Myxoid stromal fragments are also present. In addi-  of our study and others suggest that spindle cells have
tion, cohesive clusters of typical epithelial cells have been  poor adhesiveness to each other, and that they detach eas-
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