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Table | Patient charactenstics Table 2 Morbidity of the protocol therapy
Arm A (drainage alone) B (ipc BLM) Arm A (drainage alone) B (ipc BLM)
N 42 38 N 42 38
Gender Pon
Male 7 24 None 5 5
Female 15 14 Medication not required 4 4
Controlied with non-opioid analgesics 9 7
Median age (range) 605 (319-75) &0 (42-73)
Controlled with opioxd analgesics 4 2
Hestology
Small cell 3 1 Uncontrollable 0 0
Non-small cell 19 36
Infection
Prior chemathempy None 39 35
Yes 29 24 Controllable 3 3
No 13 14 Uncontrollable 0 0
Prior tharooc radotheropy Bleeding
Yes I 9 None 42 36
No 3 29 Controllable 0 1
Severe 0 I
Dronage methods
Surgical 19 17 Late complications
Others 23 21 None 42 36
Pulmanary 0 0
Median drainage volume m mi (range) 550 (250-1750) 600 (130-1930) Cardiac function 1] | (grade 2)
Constrictive pericarditis 0 | (grade 2)
Effusion cytology
Negative 6 I ipc BLM = intrapericardial bleomytin instillation.
Indeterrminate | 0
Positive i3 5
Mot examined 2 P
1.0}
ipc BLM = intrapencardial bleomycin instillation. oot
08¢ —— Arm A (n=42)

cytology-positive effusions in arm A. Cytology of the effusion was
positive in 58 cases out of the 76 examined (76%).

In arm B, all 38 patients received at least one ipc BLM
instillation and a total of 74 administrations: seven patients
received four administrations (total BLM dose: 45mg), five
received three administrations (total BLM: 35mg), five received
two administrations (total BLM: 25mg) and the remaining 21
received a single administration (total BLM: 15 mg). There was no
apparent relationship between total dose and efficacy end points
such as EFFS, except that those required four administrations had
a worse primary control of the MPE.

A total of 24 patients (14 in arm A and 10 in arm B) received
systemic chemotherapy after drainage tube removal. Nine patients
(five in arm A and four in arm B) received gefitinib. Cytotoxic
chemotherapy was administered to 21 patients (11 in arm A and 10
in arm B).

Morbidity and early deaths

Table 2 summarises the morbidity of the protocol therapy.
Although 30 (38%) of the patients experienced some pain, no
significant difference in the incidence and severity of pain was
observed between the arms. Bleeding and infections were rare and
generally controllable. Two patients in arm B developed transient
fever of moderate degree (38-38.7°C). One case with constrictive
pericarditis at 4 months and another with late cardiac dysfunction
at 12 months after the registry, both reported to be grade 2, were
observed in arm B.

As anticipated, there were as many as nine early deaths within
30 days of randomisation; five in arm A and four in arm B,
Although the death was ascribed to disease progression in the
majority, two patients in arm A died of massive bleeding during
surgical attempts at re-drainage for recurrent MPE, possibly due to
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(months)

Figure | Effusion failure-free survival (EFFS). The median EFFS was 30
days in arm A and 57 days in arm B, with a hazard ratio of 0.64 (95%
confidence interval: 040-1.03), with aim B significantly favounng this
parameter (one-sided P= 0030 by log-rank test).

crack formation in the ventricular wall upon dissection of the
adherent pericardium. Another patient in arm B died suddenly on
day 12 of the protocol without a clear cause.

Efficacy end points

Primary control of the MPE with successful tube removal within 7
days of randomisation was achieved in 28 of the 42 cases (67%) in
arm A and 27 of the 37 eligible cases (73%) in arm B, the difference
between the two groups not being statistically significant. The
median time to tube removal was 7 days in each arm. Arm B
favoured EFFS (Figure 1), with a hazard ratio of 0.64 (95%
confidence interval: 0.40-1.03, and one-sided P=10.030 by log-
rank test),

The EFFS at 1, 2, 4, 6 and 12 months was 50, 29, 17, 14 and 5%,
respectively, for arm A, and 65, 46, 32, 24 and 10%, respectively,
for arm B. Although arm B also favoured the primary end point,
EFFS at 2 months (46 vs 29%), the difference between the two
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Figure 2 Effusion failure-free survival (EFFS) in effusion cytology-pesitive

patients. In the effusion cytology-positive patient subset. arm B favoured

EFFS. The hazard ratio was 0.69 (95% confidence intervat 0.39-1.21).
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= Surgical drainage (n=36)

~ Non-surgical drainage (n=43)
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Figure 4 Efiusion falure-free survival (EFFS) and drainage method.

Patients with surgical drainage tended to have longer EFFS (median EFFS:
20w 1.1 month).

Table 3 Symptom palliation

Arm A (drainage alone) B (ipc BLM)
N eligble 42 37

% of thase with improved or stoble scores”

£0% 57%
Pain 50% 62%
Anorexia 55% 62%
Dyspnoea 62% 46%
Total 55% 51%

L

7 8 8 10 11 12

(maonths)

Figure 3 Effusion failure-free survival (EFFS) in effusion cytology-negative
or -indeterminate patients. In the effusion cytology-negative or
-indeterminate patient subset. arm B favoured EFFS. The hazard ratio
was 0.39 (95% confidence interval: 0.12-1.21).

groups was not statistically significant (one-sided P=0.086 by
Fisher's exact test).

The median OS was not significantly different between the two
arms: 79 days in arm A and 119 days in arm B. The OS rates at 6
months were 27 and 31% in arm A and arm B, respectively.

Subgroup analysis

As more patients in arm A had cytology-positive effusion, which
has been reported to be associated with a poor prognosis (Gornik
et al, 2005), subset analysis was performed according to the
effusion cytology status (Figures 2 and 3). In both cytology-positive
patients (Figure 2) and cytology-negative or -indeterminate patients
(Figure 3), arm B favoured EFFS.

Thirty-six patients had undergone surgical (subxiphoid peri-
cardiostomy) and 43 had undergone non-surgical {percutnnmua
tube pericardiostomy) drainage before rand P
with surgical drainage tended to have a longer EFFS (Flgure 4). The
effect of ipc BLM was observed irrespective of the drainage method

ployed; arm B tended to favour EFFS both in patients with
surgical drainage (hazard ratio 0.62, 95% confidence interval:
0.30-1.29) and in those with non-surgical drainage (hazard ratio
0.56, 95% confidence interval: 0.29 - 1.05).

Symptom palliation

The baseline symptom scores were taken for all of the 79 eligible
patients, at enrolment (after drainage). At the 1-month follow-up,

© 2009 Cancer Research UK

ipc BLM = intrapenicardial bleomycin instillation. *The scores at | month were
compared with those at enmolment.

approximately half of the patients (55% in arm A and 51% in
arm B) had stable or improved overall scores. There were no
significant differences between the arms for any of the symptom
scores (Table 3).

DISCUSSION

Malignant pericardial effusion is a potentially life-threatening
complication of malignancy that usually manifests itself at an
advanced or terminal stage of the disease. It hnngx great agony to
the patient once it becomes symp dysp
orthopnoea, chest pain and cough. Although the prognosls of lhe
patients with MPE is very poor, especially in those with
chemoth r s such as non-small-cell lung
cancer (Prm and Livingston, 1987; Okamoto et al, 1993; G-ormk
et al, 2005; Yonemori et al, 2007), optimal management is very
important for palliation.

Pericardial sclerosis following drainage has been widely
performed. However, data are available mainly from phase II
trials or case series. In fact, historical comparison has failed to
demonstrate the efficacy of pericardial sclerosis over drai
alone (Okamoto et al, 1993; Vaitkus et al, 1994). It has also been
suggested that sclerosis may be effective in preventing re-
accumulation of MPE after percutaneous tube pericardiostomy,
but not after subxiphoid pericardiotomy, because the surgical
intervention alone was considered to be sufficient to prevent
recurrent MPE (Press and Livingston, 1987; Park et al, 1991;
McDonald et al, 2003),

In addition, there are some potential morbidities associated with
pericardial sclerosis; most of the agents used as sclerosants
produce unpleasant adverse effects, such as fever and pain (Liu
et al, 1996). There is also concern about the complications of the
procedure, both in the short term, such as bleeding and infection,
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and in the long term, such as constrictive pericarditis, as the
inflammatory response causes adhesion of the visceral and parietal
pericardium (Shepherd, 1997).

We undertook a randomised trial to e the efficacy of
pericardial sclerosis following drainage as compared with drainage
alone. We chose BLM as the sclerosant agent for ipc instillation,
because of its low toxicity as co with doxycycline, reported
from an earlier randomised trial (Liu et al, 1996). We included
only patients with non-small-cell !u.ng cancer or d!cmﬂ:mpy‘
treated small cell cancer to mini the infl e of
chemotherapy after the protocol study (Vulkna et nl l994} We
randomised the patients after the , as we
judged that obtaining informed consent before it, that is when the
patients suffer from symptoms of MPE, would be very difficult.
Therefore, we did not specify the indication for drainage and
enrolled cases after both emergent and elective drainage. We thus
focused on the prevention of MPE recurrence. We could not find
any comparable phase I11 trial on this participant, and no such trial
is registered in ClinicalTrial gov.

We found that ipc BLM instillation seemed to be effective at
preventing the recurrence of MPE. However, the benefit in the
primary end point, that is, EFFS at 2 months, was not significantly
different, which is a major drawback to make a definitive
conclusion. The therapeutic benefit, which could not be demon-
strated with our modestly sample-sized trial, therefore, might be
only a modest one. On the other hand, the benefit of ipc BLM
seemed to be unrelated to the drainage method. As expected, the
0S was poor in both arms and not significantly different.

Our study has several limitations. One is that without significant
survival prolongation and difference of symp scores, modest
improvement of the EFFS might not represent true patient benefit.
We believe, however, that conductance of our trial itself would be
fully justified; given the severe sy ms of uncontrolled MPE and
the inconvenience of the drainage tube, survival without MPE
would be a worthwhile treatment goal.

The second limitation was that we limited the participants to
lung cancer patients, which makes it difficult to evaluate late
complications due to short OS. In patients with more chemother-
apy-sensitive tumours such as breast cancer or lymphoma, many
more patients may be expected to live for up to at least | year
longer. There would be greater concern about late pericardial or
cardiac complications, which we did observe in two of our own
cases. Even for lung cancer patients, advances in systemic therapy
may be expected to improve the outcome of those with even far-
advanced disease in the future, which would evidently modify the
risk/benefit of ipc BLM.

The third limitation of our study was that we did not control for
the method of primary pericardial drainage, and each institution
chose it in accordance with its daily practice. We do not believe
that our results were much biased by the drainage methods, as
each participating institution basically adhered to one method of
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Short Communication

Close Association of UGT1A9 IVS1+399C>T with UGT1A71*28, *6,
or *60 Haplotype and Its Apparent Influence on 7-Ethyl-10-
hydroxycamptothecin (SN-38) Glucuronidation in Japanese
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qudl‘lld th UGT1A1°28 (—54_-39A(TA), TAA>A(TA), TAA, 0.25).
H is sh d that 88% of the 1399C alleles were linked

ABSTRACT:
ﬂunnﬁcamarprodrug irinotecan, is converted to its active form
7-ethyl-10 thecin (SN-38) by carboxyl , and

MhWMUW-ﬂWW!M me-
diated glucuronidation. UGT1A8 also mediates this reaction. In a
rocentm it was reported that the UGT1A9 IV51+399 (1399)C>T
polymorphism is iated with i d SN-38 gh vdation
M‘lhlnmandhm.ﬂm.ﬂsmhhmﬂmmw
and activity is controversial. Thus, we evaluated the role of 1398C>T
in SN-38 glucuronidation using 177 J cancer patients admi

MWM)TWMHIOHMM
This polymorphism was in strong linkage disequilibrium (LD) with
UGT1A9*1b (—126_—118T,>T,q, ID’'| = 0.99) and UGTIAT'E (211G>A,
0.86), in moderate LD with UGT1A7°60 (—3279T>G, 0.55), but weakly

mmmmmmuanm-o.mwmmu
other hand, 85% of the T alleles were linked with the UGT1AT wild-
type haplotype "1. Although 1399T-dependent increases in SN-38
glucuronide/SN-38 area under concentration-time curve (AUC) ratio
{an in vivo marker for UGT1A activity) and decreases in SN-38 AUC/
dose were apparent (P < 0.0001), these effects were no longer ob-
served after stratified patients by UGT1A1"6, 28, or *60 haplotype.
Thus, at least in Japanese populations, influence of 1388C>T on
SN-38 glucuronidation is attributable to its close association with
either UGT1A1"6, *28, or *60.

Irinotecan is an important drug for treatment of various tumors
including lung, colon, and gastric (Smith et al., 2006). The infused
drug is metabolized to its active form 7-ethyl-10-hydroxycamptoth-
ecin (SN-38) by carboxylesterases, and SN-38 is inactivated by gluc-
uronidation. At least four UDP-glucuronosyltransferase (UGT) iso-
forms, namely UGTIAL, UGTIAT7, UGTIA9, and UGTIAIO, are
known to glucuronidate SN-38 (Gagné et al., 2002; Saito et al., 2007).

The UGTIA gene complex consists of 9 active first exons including
UGTIALO, 1A9, 147, and 1A[ (in this order) and common exons 2 to
5. One of the 9 first exons can be used in conjunction with the
common exons (Tukey and Strassburg, 2000). The UGT1A N-termi-
nal domains (encoded by the first exons) determine substrate-binding
specificity, and the C-terminal domain (encoded by exons 2 to 5) is
impartant for hinding to UDP-glucuronic acid. The 5'- or 3’-flanking
region of each exon 1 is presumably involved in regulation of its
expression. Substantial interindividual differences have been detected
in mRNA and protein levels and enzymatic activity of the UGT1A
isoforms (Fisher et al., 2000; Saito et al., 2007).

SN-38 glucuronidation is thought to be mediated mainly by UGT1A1,

This study was supported in part by the program for the Promotion of Funda-
mental Studies in Health Sciences from the National Institute of Biomedical
Innovation [Grant 05-25); and a Health and Labour Sciences Research grant from
the Ministry of Health, Labour and Welfare in Japan [Grant KHB1008].

¥.S. and K.S. contributed equally 1o this work.

Article. publication date, and citation information can be found at
http://dmd aspetjournals.org.

doi:10.1124/dmd. 108.024208.

and its genetic polymorphisms affecting irinotecan pharmacokinetics and
adverse reactions have been already identified. The TA-repeat polymor-
phism, —54_=39A(TA),TAA=A(TA)LTAA (UGTIAI*28 allele), is
associated with lower promoter activity, resulting in reduced SN-38 gluc-
uronidation (Beutler et al., 1998; Iyer et al., 1999). The single nucleotide
polymorphism (SNP) 211G=>A (Gly7lArg, *6 allele), found mainly in
East Asians, causes reduced protein expression levels and SN-38 gluc-
uronidation activity (Gagné et al., 2002; Jinno et al,, 2003). Another SNP
in the enhancer region of UGTIAI, —3279T>G (*60 allele), is also a
causative factor for reduced expression (Sugatani et al., 2002). Allele
frequencies have been reported for *28 (0.09-0.13), *6 (0.15-0.19), and
*60 (0.26-0.32) in Japanese and Chinese populations and for *28 (0.30—
0.39), *6 (—0), and *60 (0.44—0.55) in whites (Saito et al., 2007). In a
previous study, in the Japanese population, we defined haplotype *28 as
the haplotype harboring the *28 allele, haplotype *6 as that harboring
the*6 allele, and haplotype *60 as that harboring the *60 allele (and
without the *28 or *6 allele) (Sai et al., 2004; Saeki et al., 2006). Note that
most of the * 28 haplotypes concurrently harbored the *60 alleles, and that
the *28 and *6 alleles were exclusively present on the different chromo-
somes (Sai et al., 2004; Sacki et al., 2006). We have also revealed that the
haplotype *28, *6, or *60 was associated with reduced SN-38 glucuro-
nide (SN-38G)/SN-38 area under concentration-time curve (AUC) ratios,
an in vivo parameler for UGT1A activity (Minami et al., 2007),

In a recent study, an intronic SNP of UGTIA9, 1VS1+399
(1399)C=>T, has been shown to be associated with increased UGT1A9
protein levels and glucuronidation activities toward SN-38 and the
UGTIA9 probe drug propofol (Girard et al., 2006). Elevation of

ABBREVIATIONS: SN-38, 7-ethyl-10-hydroxycamptothecin; UGT, UDP-glucuronosyltransferase; SNP, single nucleotide polymorphism; SN-38G,
SN-38 glucuronide; AUC, area under concentration-time curve; 1398, UGTTAS IVS1+388; LD, linkage disequilibrium.
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ROLE OF UGT1A9 IVS§1+399C>T ON SN-38 GLUCURONIDATION

SN-38 glucuronidation activity by this SNP is significant among
subjects without UGT/AI*28. Sandanaraj et al. (2008) have also
reported that 1399C/C patients showed higher SN-38 AUC than C/T
and T/T patients. With the same UGT/A] diplotypes, patients with
1399T/T (and UGTIA9 —126_—118T,,/T,,) have shown higher SN-
38G C,,,, than 1399C/T (and TJ/T ) patients, UGTIA9*1b (UGTIA9
—126_—118T3>T,;) has been shown to have no affect on UGT1A9
expression levels (Girard et al., 2006; Ramirez et al., 2007; Sandan-
araj et al., 2008). Thus, two groups did suggest that 1399T allele was
associated with higher glucuronidation activity. However, using hu-
man liver microsomes, Ramirez et al. (2007) showed that 1399C>T
had no significant effect on both UGT1A9 mRNA levels and gluc-
uronidation activities for two UGT1A9 substrates. Therefore, the roles
of 1399C>T in UGT1A9 activities as well as SN-38 glucuronidation
remain inconclusive.

In the present report, we reveal the linkage of 1399C>T with UGTIAIL
UGTIA7, and UGTIA9 polymorphisms and analyze its association with
the SN-38G/SN-38 AUC ratio and SN-38 AUC/dose (per dose) to clarify
its role in SN-38 glucuronidation.

Materials and Methods

Patients. One hundred and seventy-seven patiemis (81 lung, 63 colon, 19
stomach, and 14 other cancer paticnts) administered irinotecan at the National
Cancer Center were enrolled in this study as described previously (Minami et
al., 2007). This study was approved by the ethics commitices of the National
Cancer Center and the National Institute of Health Sciences, and written
informed consent was obtained from all partici Eligibility cmenn patient
profiles, and irinotecan regimens are ized in our pr & report
(Minami et al., 2007). In brief, patients consisted of 135 males and 42 !cmnics
with a mean age of 60.5 (2678 years old), and their performance status was
0 (B4 p ) 1 (89 p ), or 2 (4 patients). Irinotecan administrations
were conducted ac g to the 1 p Is in Japan as follows: i.v.
90-min infusion a1 a dose of 100 mg/m* weekly or 150 mg/m* biweekly in
irinotecan monotherapy; and 60 mg/m? weekly with cisplatin in most combi-
nation therapies.

Genotyping and H.nplotype Anllylis. Genomic DNA was extracted from
whole blood of 177 i d pati (Sacki et al, 2006).

UGTIA9 IVS1+399C>T (rs2741049) was genotyped using the TagMan
SNP Genotyping Assay kit (C_9096281_10) according to the manufacturer’s
instructions (Applied Biosystems, Foster City, CA). The UGTIAI*28
allele |=54_=39A(TA),TAA=A(TANTAA] UGTIAI*6 allele [211G=A
(GlyT1Arg)), UGTIAI*60 allele (-3279T>G), UGTIA7*2 haplotype
[387T>G, 391C>A and 392G>A (Asn129Lys and Argl3iLys)), UGTIAT*3
haplotype |387T=>G, 391C>A, 392G>A, and 622T>C (Asnl29Lys,
Argl31Lys, and Trp208Arg)), and UGTIA9*1b allele (—126_—118T;>T,5)
were determined previously (Saeki et al., 2006). Hardy-Weinberg equilibrium
analysis of 1399C>T, linkage disequilibrium (LD) analysis of the UGT/A9,
UGTIA7, and UGTIAI polymorphisms, and haplotype estimation with an
expectation-maximization algorithm were performed using SNPAlyze version
7.0 software (Dynacom, Chiba, Japan).

Pharmacokinetics. Pharmacokinetic data for the 176 irinolecan-treated
patients (data for one paticnt was unavailable) were described previously
(Minami et al., 2007). In brief, heparinized blood was collected before irino-
tecan administration and at 0, 0.33, 1,2, 4, B, and 24 h after termination of the
first infusion of irinotecan, SN-38 and SN-38G plasma concentrations were
d ined by high-p e liquid chr graphy, and AUC was cal-
culated using the trapezoidal hod in WinNonlin version 4.01 (Pharsight,
Mountain View, CA).

Statistical Analysis, Gene dose effects of 1399C>T and UGT/AI haplo-
types (*28, *6, or *60) were assessed by the Jonckheere-Terpsira test using
SwtExact version 6.0 (Cytel Inc., Cambridge, MA). Multiplicity adjustment
was conducted with the false discovery rate, The significant difference was set
at p = 0.05 (two-tailed).

273

Results

Linkages of UGTIA9 IVS14399 (1399)C>T with Other Poly-
maorphisms. In our patients, 1399C>T was detected at a 0,636 allele
frequency, which is almost the same as those in the HapMap data
(rs2741049) for Japanese (0.663) and Han Chinese (0.633) popula-
tions, but higher than those for Europeans (0.383) and Sub-Saharan
Africans (Yoruba) (0.417). Genotype distribution for this SNP was in
Hardy-Weinberg equilibrium (p = 0.418). LD analysis was per-
formed between 1399C>T and the previously determined genotypes,
UGTIA9*1b, UGTIA7*2 and *3, and UGTIAI*28, *6, and *60,
which were detected at >0.1 frequencies in Japanese populations
(Saeki et al., 2006). When assessed by the ID'| value, 1399C>T was
in complete LD with UGTIA7 387T>G, 391C>A and 392G>A
(UGTIA7*2, ID'I = 1.000); in strong LD with UGTIA9 —126_
= 118Te=>T,, (UGTIA9*1b, 0.987), UGTIA7 622T=>C (UGTIA7*3,
0.977), and UGTIAI 211G>A (UGTIAI*6, 0.864); and in moderate
LD with UGTIA! =3279T>G (UGTIAI*60, 0.554), but weakly
associated with UGTIAl —54_—39A(TA) ,TAASA(TA),TAA
(UGTIAI*28, 0.252). In r* values, the 1399C>T was in strong LD
with UGTIA7*2 (/7 = 0.976) and UGT1A9*1b (0.916), in moderate
LD with UGTIA7*3 (0.478), but in weak LD with UGTIAI*6 (0.261)
and UGTIAI*60 (0.208), and in little LD with UGTIA1*28 (0.018).

Haplotype Analysis. Haplotype analysis was performed using the
9 polymorphisms including I399C>T. As shown in Fig. 1, 95%
(123/129) of the 1399C alleles were linked with the UGTIA9 —126_
—118T, alleles, and 100% (225/225) of the T alleles were linked with
the T, alleles (UGTIA9*1b). The 1399C alleles were completely
(129/129) linked with the UGTIA7 387G, 391A, and 392A alleles,
and most T alleles (223/225) were linked with the 387T, 391C, and
392G alleles. The 40% (51/129) and 60% (78/129) of the 1399C
alleles were linked with UGTIA7*2 and UGTIA7*3 haplotypes, re-
spectively. We also found that 98% (126/129) of the 1399C alleles
were linked with the UGTIAI*6 (211G>A), *28 [—54_
—39A(TA), TAA>A(TA),TAA], or *60 (—3279T=>G). According 1o
the UGTIAI haplotype definition by Sai et al. (2004), 42% (54/129),
36% (46/129), 19% (25/129), and 1% (1/129) of the 1399C alleles
were linked with the UGTIA/ haplotypes *6a (harboring *6 allele),
*6ia (harboring *60 allele), *28b (harboring *60 and* 28 alleles), and
*28d (harboring *28 allele), respectively. On the other hand, 85%
(191/225) of the T alleles were linked with the UGTIA! wild-type
haplotype * 1.

Association Analysis. The associations of 1399C>T with irinote-
can pharmacokinetic parameters were then analyzed using the esti-
mated haplotypes. First, association with SN-38G/SN-38 AUC ratio,
an in vivo parameler of UGT1A activity (Sai et al., 2004: Minamj et
al., 2007; Sandanaraj et al, 2008), was analyzed. UGTIA7*2 had
unchanged activity for SN-38 glucuronidation (Gagné et al., 2002),
and neither UGTIA9* 1b nor UGTIA7*3 had significant effects on the
SN-38G/SN-38 AUC rmatio in our previous study (Minami et al.,
2007). On the other hand, the UGTIAI*6, *28, and *60 haplotypes
were associated with the reduced SN-38G/SN-38 AUC ratios (Mi-
nami et al., 2007). Although effects of the haplotype *28 and *6 were
more striking, haplotype UGTIAI*60, harboring only the *60 allele
without the *28 allele, was weakly associated with the reduced ratio.
To remove even this weak effect and clarify the real effect of
1399C>T, UGT1A1*60 was also considered as low-activity haplotype
in this analysis. Namely, we analyzed the associations of 1399C>T
with the AUC ratio within the groups stratified by the UGTIA/J
haplotypes, UGTIAI*28 (*28b and *28d), *6 (*6a), and *60 (*60a)
{combined and shown as UGTIAI"+").

When stratified by the [399C>T genotype, & T allele-dependent
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274 SAITO ET AL.
[Gene UGTIA9 UGTIAT® UGTIAL’
-126_- | 1vs1+
= 387 391 392 622 | -3279 |(TA)>| 111
Nucleotide change 118 399 Number| F
ToTa| o1 | 6| ©A | ©A | T>C | G [ TA) | GoA umber [ Frequency
T — *Ib 2,3 | *2,%3 | *2,%3 | *3 -.52:. 28 6
*1C-*3-"6a a7 0.133
*1C-*2-*60a a4 0.124
*1C-*3-*28b 21 0.059
*1C-*2-*28b 4 0.011
*1C-*3-*60a 2 0.006
*1C-*3-*28d i 0.003
- |F1c*2%6a 1 0.003
£ [1eC*3*6a 0 0.017
i 1C-72-*] 2 0.006
s [Fc 1 0.003
= Fipr—=i—=1 190 0.537
*1bT-*3-*1 1 0.003
~1bT-*1-*28b 22 0.062
“16T-*1-*60a 5 0.014
*I1bT-*1-*6a 5 0.014
*IbT-*1-*28d 1 0003
*1bT-*2-*60a 1 0.003
Alelle frequency ] 0.653 | 0.636 | 0370 | 0370 | 0370 | 0.223 | 0.280 ] 0.138 | 0.167 ]

Fio. 1. Haplotypes assigned by using common UGTIA9, UGTIA7, and UGTIAI

polymorphisms. 'Haplotypes were shown as UUGTIA9 haplotypes -

haplotypes — UGTIA] haplotypes. Major allele, white blocks: minor allele, gray blocks. *IC, Ty and I399C: *I15C, T, and 1399C; *I5T, T,, and [399T in UGTIA%.
2GTIA7*2 and *3 are the haplotypes harboring the three and four UGTIA7 allcles, respectively. "UGTIAT (TA)>(TA), indicates —54_—=39A(TA), TAA>A(TA)LTAA

increase in the SN-38G/SN-38 AUC ratio was observed (p < 0.0001,
Jonckheere-Terpstra test) (Fig. 2A). However, this trend was obvi-
ously dependent on biased distributions of UGTIAI haplotypes; e.g.,
96% of the 1399C/C patients were homozygotes for UGTIAI*28, *6,
or *60; and “UGTIAI*28, *6, or *6{"-dependent reduction of SN-
38G/SN-38 AUC ratio was found within the 1399T/T genotypes (p <
0.05). As shown in Fig. 2B, UGTIAI*28, *6, or *60 (UGTIAI+)-
dependent reduction in the SN-3BG/SN-38 ratio was observed when
patients were stratified by these three haplotypes. However, no sig-
nificant effect of 1399C>T was found within the stratified patients
(p = 0.05 within the —/—, =/+, or +/+ patient group in Fig, 2B). As
for SN-38 AUC/dose (SN-38 AUC values adjusted by the doses used),
a similar UGTIA ] haplotype dependence was observed. Although the
1399T-dependent reduction of SN-38 AUC/dose was detected (p <
0.0001), biased distributions of the UGTIAI*28, *6, or *60 were
again evident, and the UGTIA] + haplotypes-dependent increase was
significant within the 1399 C/T and T/T patients (p < 0.01 and p <
0.05, respectively) (Fig. 2C). Moreover, no significant effect of
1399C>T on SN-38 AUC/dose was found when stratified by the
UGTIAI haplotypes (p > 0.05 withun the —=/=, —/+, or +/+ patient
group in Fig. 2D).

Discussion

In the present study, LD between 1399C>T and UGTIAI,
UGTIA7, or UGTIAY polymorphisms in Japanese populations was
shown for the first time. Moreover, the apparent effect of 1399C>T on
SN-38 glucuronidation in Japanese cancer patients was suggested o
result from its close association with UGTIA[*28, *6, or *60.

As for the influence of 1399C>T on UGT 1A9 activity, conflicting
resulls have been reporied. Girard et al. (2006) have shown that
1399C>T was associated with increased UGT1A9 protein levels and
enzyme activity toward an UGT1A9 probe drug propofol using 48
human liver microsomes derived mainly from whites. In contrast,
using human liver microsomes from 46 white subjects, Ramirez et al.
(2007) have revealed that the 1399C>T had no significant effects on
UGT1A9 mRNA levels and in vitro glucuronidation activities toward
the two UGT1A9 substrates, flavopiridol and mycophenolic acid
Furthermore, another report has demonstrated that [399C>T had no
influence on the pharmacokinetic parameters (such as AUC and C_ )
of mycophenolic acid in 80 Japanese renal transplant recipients (lnoue
et al., 2007), Thus, these latter two studies did suggest that the
1399C>T polymorphism has no effect on UGT1A9 enzymatic activ-
ity, Note that, at least for Japanese populations, no study has reported
that 1399C>>T affects UGT1A9 activity.

As for the influence of 1399C>T on SN-38 glucuronidation, a
possible enhancing effect has been suggested. Girard et al. (2006)
have shown an increasing effect of 1399C>T on SN-38 glucuronida-
tion, and that this SNP did not show any close linkages with the
UGTIAI*28 or *60 allele (r* < 0.06). In addition, Sandanaraj et al.
(2008) have reported that in 45 Asians consisting of Chinese (B0%),
Malay (18%), and others (2%), 1399C/C patients had higher SN-38
AUC than C/T and T/T patients. Again, this SNP was not in LD with
the UGTIAI*28, *6, or *60 allele (¥ were <0.09). Furthermore,
association of 1399T with increased SN-38G C,,,,, has been observed
even after stratified patiemts by UGTIAI genotypes, although the
study sample size was small. These findings suggest that the 1399T

UGTIAT
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Fio. 2. Association analysis of UGTIA® IVS]+399 (1399)C>T with SN-I8G/SN-

38 AUC ratio (A and B) and SN-38 AUC/dose (C and D). A and C, 1399 C/C. C/T,

and T/T patients were further divided by the presence of UGTIAT*28, *6, or *60 haplotypes: —/—, no UGTIAI*28, *6, or *60; —{+, heterozygotes for either UGTIA 28,

“6, or *60, +/+, homozygotes or compound heterozygotes for either UGTIA]*28,

*6, or *60. B and D, UGTIAl —/—, —/+, and +/+ patients were further divided by

1399 C/C. CfT. and T/T genotypes. Gene dose effects of 1399C>T and the UGTIA! + haplotype were assessed by the Jonckheere-Terpstra test.

allele was associated with increased glucuronidation activity for SN-38
without linkages with the UGTIA! polymorphisms. Our data demon-
strate that an increase in SN-38G/SN-38 AUC ratio (ie., increased
glucuronidation activity) was also found with I399C>T; however, after
stratified patients by the UGTIAI*6, *28, or *60 haplotypes (haplo-
type + ) showing reduced SN-38 glucuronidation activity (Sai et al., 2004;
Minami et al., 2007), any significant effect of the 399C>T was no
longer observed. Thus, no direct effect of [399C>T on SN-38 glucu-
ronidation was shown in the current study in Japanese populations. The
discrepancy between our study and others might be derived from ethnic
and/or population differences in haplotype distribution. In fact, in our
Japanese population, 98% of the 1399C alleles were linked with either
UGTIAT *6, *28, or *60, whereas 85% of the T alleles were linked with
UGTIAI*1. On the other hand, in Sandanaraj's report (in Chinese +
Malay), 84% of the 1399C alleles were linked with UGTIAT *6, *28, or
*60, whereas only 67% of the T alleles were linked with UGTIAI*]
(Sandanaraj et al., 2008),

In irinotecan therapies, genetic polymorphisms leading to in-
creases in SN-38 AUC, which closely correlates with increased

risk of severe neutropenia (Minami et al., 2007), are clinically
important. The current study also demonstrated no significant
influence of 1399C2>T on SN-38 AUC/dose after stratified patients
by UGTIAI haplotypes. Consistent with this finding, no influence
of this SNP was observed on the incidence of grade 3 or 4
neutropenia after irinotecan therapy in our population (data not
shown). Recently, genetic testing of UGTIAI*6 and *28, which
are related to severe neutropenia in Japanese populations, has been
approved for clinical application in Japan. This study indicates that
there is no clinical necessity for additional genotyping of
1399C>T, at least in Japanese populations.

In conclusion of this study, the apparent influence of 1399
(UGTIA9 IVS1+399)C>T on SN-38 glucuronidation is attributable
to its close association with UGTIAI*6, *28, or *60 in the Japanese
population. Furthermore, additional genotyping of 1399C>T for per-
sonalized irinotecan therapy seems to be clinically irrelevant for
Japanese populations.
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Efficacy and Safety of Erlotinib Monotherapy for Japanese
Patients with Advanced Non-small Cell Lung Cancer

A Phase Il Study

Kaoru Kubota, MD, PhD, Yutaka Nishiwaki, MD, Tomohide Tamura, MD, Kazuhiko Nakagawa, MD,
Kaoru Matsui, MD, Koshiro Watanabe, MD, PhD, Toyoaki Hida, MD, Masaaki Kawahara, MD,
Nobuyuki Katakami, MD, Koji Takeda, MD, Akira Yokoyama, MD, Kazumasa Noda, MD,
Masahiro Fukuoka, MD, and Nagahiro Saijo, MD, PhD

Introduction: The aim of this study was to evaluate the efficacy and
safety of Erlotinib in Japanese patients with previously treated non-small
cell lung cancer (NSCLC). Available tumor biopsy samples were analyzed
to cxamine relationships between biomarkers and clinical outcome.
Methods: This open-label phase 11 trial enrolled stage IV
NSCLC patients who had progressive disease after at least one prior
platinum-based chemotherapy regimen. Erlotinib was administered
at a dose of 150 mg/d orally until discase progression or intolerable
toxicity. Analysis of epidermal growth factor receptor gene muta-
tions in exon 18-21 by direct sequencing was performed in tumor
tissue specimens obtained at the first diagnosis.

Results: Sixty-two patients were enrolled and 60 patients were
evaluable for efficacy. Objective resp rate and di c

rate were 28.3% and 50.0%; median time to progression and ovmll
survival were 77 days and 14.7 months, respectively. In logistic
regression analysis, only smoking history was proved to be a statisti-
cally significant predictive factor for response (odds ratio: 0.06, p <
0.001). Only 7 patients had samples available for mutation analysis.
Three patients who had deletion mutations on exon 19 (del E746-A750
or del $752-1759) exhibited objective response. Common toxicities
were rash (98%), dry skin (81%), and diarrhea (74%). Discontinuation
due to adverse events ocourred in 11 patients (18%). Four patients (6%)
experienced interstitial lung disease-like events, one of whom died.
Conclusion: Erlotinib is efficacious in Japanese patients with pre-
viously treated NSCLC. The toxicity profile was similar to that in
Western patients, except for a somewhat higher incidence of skin
disorders and interstitial lung disease. Further studies are needed to
determine the relationship between epidermal growth factor receptor
mutations and outcomes with Erlotinib in Japanese patients.
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Lung cancer affects approximately 1.2 million people an-
nually, and is the leading cause of cancer death in the
world.! More than 80% of affected patients are diagnosed
with non-small cell lung cancer (NSCLC). The standard
first-line treatment for metastatic NSCLC is a combination of
platinum chemotherapy with a third-generation agent such as
docetaxel, paclitaxel, gemcitabine, vinorelbine, and irinote-
can.?* Although patients with stage 11, lIIA, or I[IIB NSCLC
receive platinum-based chemotherapy as part of combined
modality treatment with thoracic radiotherapy or surgery,
many will be candidates for second or third-line chemother-
apy. Docetaxel is the only cytotoxic agent with a proven
survival advantage over supportive care in patients with
disease progression after cisplatin-based chemotherapy for
NSCLC.* The other agent for which a survival benefit has
been demonstrated in this setting is erlotinib,® which was
approved in Japan for the treatment of relapsed NSCLC in
QOctober 2007. Erlotinib is a selective, orally active epidermal
growth factor receptor tyrosine kinase inhibitor (EGFR-TKI),
In contrast to the experience with the cytotoxic chemothera-
peutic agents, response to treatment with EGFR-TKIs has
been reported to be influenced by gender, histological type,
race or ethnic origin, and smoking status.*#

Tumor molecular markers, including EGFR gene mu-
tations and protein expression, have been widely studied in
patients with NSCLC, and there is strong evidence that the
presence of EGFR gene mutations is a predictor of tumor
response and resistance.*-'? However, few prospective stud-
ies have evaluated molecular markers as predictors of out-
come, and their clinical usefulness is unproven.

This report presents the results of the first phase 11 study
of erlotinib conducted in Japanese patients with NSCLC. The
purpose was to evaluate the efficacy and safety of erlotinib in
this population. Where available, tumor biopsy samples were
analyzed for EFGR-related markers.
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PATIENTS AND METHODS

This phase II, multicenter, open-label study recruited
patients at 11 hospitals in Japan. The primary end point was
the objective response rate (ORR) to erlotinib treatment (150
mg/d). Secondary endpoints were disease control rate (DCR),
response duration, time to progression, overall survival (OS),
quality of life (QoL), and safety. The protocol was approved
by the ethics review boards of all participating institutions,
and conducted in accordance with Japanese Good Clinical
Practice guidelines.

Patient Selection

Patients with histologically or cytologically docu-
mented stage [1TB or TV NSCLC at study entry (not curable
with surgery or radiotherapy) that was recurrent or refractory
to treatment with one or more chemotherapy regimens (in-
cluding at lcast one platinum-containing regimen), were en-
rolled into this study. Additional eligibility criteria included:
the presence of measurable lesions by Response Evaluation
Criteria in Solid Tumors (RECIST); age =20, <75 years;
Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0-2, and adequate bone marrow, hepatic, and
renal function, i.e., aspartate aminotransferase and alanine
aminotransferase (ALT) levels =2.5 times the upper limit of
normal and total bilirubin of =1.5 times the upper limit of
normal. Patients with existing or previous interstitial lung
disease (ILD) were excluded, although a history of radiation
pneumonitis (limited to the field of radiation treatment) was
permitted. Concomitant anticancer treatment and prophylac-
tic medication for adverse events (AEs) were not permitted,
nor was prior use of anti-EGFR or anti human epidermal
growth factor receptor (HER2) agents (small molecules and
monoclonal antibodies). Written informed consent was ob-
tained from all patients.

Treatment Procedure

After completion of the bascline assessments (see be-
low), all patients received erlotinib (150 mg orally) each
morning, 1 hour before breakfast, until the occurrence of
progressive disease (PD) or unacceptable toxicity (all AEs
were graded using the National Cancer Institute Common
Toxicity Criteria Version 2.0). In the cvent of treatment-
related toxicity, 2 dose reductions of 50 mg were permitted
per patient, and dosing could also be interrupted for up to 14
days. For grade 3 or intolerable grade 2 rash, treatment was
withheld until the rash improved to grade 2 or less, when a
lower dose of erlotinib was initiated. For grade 3 diarrhea,
treatment was withheld until the diarrhea was grade 1 or less,
when a lower dose was started. For ILD of any grade, or any
grade 4 toxicity, treatment was immediately and permanently
discontinued.

Evaluation of Efficacy

Objective tumor response was assessed in accordance
with RECIST.'* Tumor assessments were performed at base-
line, then every 4 weeks until week 16, and then every 8
weeks thereafier. Confirmation of complete or partial re-
sponses (PR) was required, by means of a second assessment
conducted 28 days or more after the initial assessment. Stable
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disease (SD) was defined as disease control (absence of
progression) maintained for at least 6 weeks. An independent
response evaluation committee consisting of 2 oncologists
and a radiologist reviewed images of patients with complete
response, PR, and SD. Individual survival times were deter-
mined from the survival status of each patient during the
study period and at the post study follow-up survey con-
ducted in June-July 2005 and May-July 2006. OS was defined
as the time from first administrated to death.

Quality of Life Evaluation

The Functional Assessment of Cancer Therapy-Lung
(FACT-L) questionnaire (Version 4-A)'* was used to assess
QoL. The full FACT-L questionnaire was administered at
baseline and then every 28 days. In addition, the Lung Cancer
Subscale (LCS), an independently validated component of
FACT-L, was administered weekly during the treatment pe-
riod. Best responses on the LCS were analyzed for all patients
with a baseline LCS score of 24 or less (out of a possible 28
points) and symptomatic improvement was defined as an
increase from the baseline score of 2 or more points, sus-
tained for at least 4 weeks,

Evaluation of Safety

Baseline assessment included a full patient history,
physical examination, standard laboratory tests, electrocardi-
ography, chest radiography, pregnancy test, and ophthalmo-
logic tests (vision test and slit-lamp examination). Every
week until week 8 and every 2 weeks thereafier, vital signs
and ECOG PS were monitored and blood samples were taken
for hematology and blood chemistry tests. A radiograph
examination to assess pulmonary toxicity was conducted
weekly until week 4 and every 2 weeks thereafter. Ophthal-
mologic examinations were repeated at week 8 and at the end
of the study. Observation and evaluation of AEs was con-
ducted as appropriate throughout the study period. All AEs
were graded using National Cancer Institute Common Tox-
icity Criteria Version 2.0. For all ILD-like events, the data
safety monitoring board (which consisted of oncologists and
pneumonologists) reviewed the clinical data and images; the
images were also examined by a review committee of radi-
ologists with expertise in drug-induced pulmonary disorders.

Biomarker Analysis

EGFR mutations and EGFR and HER2 protein expres-
sion were assessed in patients with suitable tumor tissue
specimens at first diagnosis or surgery; these assessments
were done only with separate written consent. Tumor samples
were obtained from each center as formalin-fixed and paraf-
fin-embedded blocks, or as thinly sliced tissue sections
mounted on glass microscope slides. For the mutation anal-
ysis, the tissue was microdissected by Targos Molecular
Pathology (Kassel, Germany) and direct sequencing was
conducted at the Roche Centre of Medical Genomics (Basel,
Switzerland), using a nested polymerase chain reaction of
exon 18-21. EGFR protein expression was analyzed by Lab
Corp (Mechelen, Belgium). EGFR expression analysis was
conducted by immunohistochemistry using Dako EGFR
PharmDx™ kits (Dako, Carpinteria, CA). A positive test was

Copyright © 2008 by the International Association for the Study of Lung Cancer
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defined as membranous staining in =10% of the tumor cells.
HER2 protein expression was measured using HercepTest™
(Dako, Carpinteria, CA), and a score of 1+ or above (possi-
ble scores were: 0, 1+, 2+, 3+) was regarded as positive.

Statistical Analysis

Given an expected ORR of 20%, a Fisher’s exact test
was performed (one-sided o = 2.5%). Based on 50 patients,
the power to test the null hypothesis (ORR = 5%) was
89.66%. The target sample size of 60 patients was chosen on
the expectation that a proportion of patients would prove to
be ineligible for the study. The main analysis of efficacy was
conducted on the full analysis set (FAS), which was produced
by omitting ineligible patients. The 95% confidence interval
(CI) for ORR, DCR, and symptom improvement rate was
calculated by the Clopper-Pearson method. The time-to-event
variables were estimated by the Kaplan-Meier method. Lo-
gistic regression and Cox proportional hazards regression
analysis was conducted on best response and survival time,
respectively. In both cases, univariate and multivariate anal-
yses were used to evaluate the effects of 11 factors relating to
patient and disease characteristics, and previous treatment.

RESULTS

Patient Characteristics

A total of 62 patients were enrolled between December
2003 and January 2005. All were evaluable for safety and 60
were evaluable for efficacy (FAS). Two patients did not have
a measurable lesion according to RECIST. The baseline
characteristics of the patients, including their treatment his-
tory, are shown in Table |. The median age was 60.5 years
(range: 2874 years), and 71% of patients were male, Fifty-
seven patients (92%) had adenocarcinoma, and 20 (32%)
were never-smokers. Twenty-seven patients (44%) had re-
ceived only one previous chemotherapy regimen.

Efficacy

Tumor response rates in the FAS (as assessed by
extrainstitutional review) are shown in Table 2. Seventeen
patients were assessed as having a PR and 13 as having SD.
The ORR was 28.3% (95% CI: 17.5-41.4%) and the DCR
was 50% (95% CI: 36.8—63.2%). In three paticnts, objective
response could not be adequately confirmed, because each
discontinued treatment early in the study due to AEs. The
median duration of response was 278 days (95% CI: 203-422
days), and time to progression was 77 days (95% CI: 55-166
days). OS was determined based on information collected
until the follow-up survey conducted in May-July 2006. The
median survival time was 14.72 months (95% CI: 11.07-
20.57 months; 19 censored cases) and the 1-year survival rate
was 56.5% (95% CI: 43.9-69.1%) (Figure 1). The median
OS of patients with PD was 9.95 months. The symptom
improvement rate measured using the LCS was 42.1% (24/
57. 95% CI: 29.1-55.9%).

The overall response rate was higher in women (58.8%;
10/17) than in men (16.3%; 7/43, x* test: p = 0.0029), and in
never-smokers (63.2%; 12/19) than in current or former
smokers (12.2%; 5/41, p = 0.0002). There was no statisti-
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TABLE 1. Summary of Baseline Patient Characteristics and
Demographics
No. of Patients
Patient and Disease characteristics (n = 62) %
Age (yr)
Median 60.5
Range 28-74
Sex
Female 18 29
Male 44 71
Perfornmance status
] 20 32
1 41 66
2 1 2
Histology
Adenocarcinoma 57 92
Squamous cell 4 6
Unclassified 1 2
Stage
1B 8 13
v 54 87
Smoking history
Never smoked 20 32
Current- or former smoker 42 68
Time since initial diagnosis (d)
Median 304.0
Range 2-2353
Prior chemotherapy regimens
1 27 44
i 23 37
=3 12 19
Prior taxanes
No 10 16
Yes 52 84
Time since last regimen (d)
Median 80.0
Range 29-528
TABLE 2. Response Assessment
Parameter f (%)
Partial response 17 283
Suble disease 13 217
Progressive discase 27 45.0
Mot assessable 3 5.0
Response rate (%) (95% CI) 28.3(17.5414)

Discase control rate (%) (95% CI) 50.0 (36.8-61.2)

Duration of resp { days)” 278 (203.0-422.0)
(95% CI)

Time to progression (median: days)* 77 (55-166)
(95% Cl)

“ Kaplan-Mcicr method
C), confidence intervals.

cally significant difference between the response rate in
patients with adenocarcinoma (28.6%:; 16/56) and nonadeno-
carcinoma histology (25.0%; 1/4, p = 1.0000). The response
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1D Median survival = 14.72 monthe  regimens (10/34). No statistically significant differences were
: {95% Cl: 11.07-20.57) found between other patient subgroups. In a multivariate
1-year survival = 56.5% logistic regression analysis, only smoking history was found
08 (85% Cl: 43.9-69.1) to be a statistically significant predictor of response. A mul-
a Cansorad tivariate Cox regression analysis showed that both smoking
06 history and ECOG PS were significant predictors for OS
(Table 3).
04
Safety
0.21 All 62 patients who received erlotinib were assessed for
safety. Treatment-related AEs were observed in all patients,
no - 1% Py % 28 30 and there were 24 serious AEs in 18 patients (29%). AEs led

Time (months)
FIGURE 1. Kaplan-Meier plot showing overall survival.
rate was not affected by the number of previous chemother-

apy regimens, however, being 27% for patients with one
previous regimen (7/26) and 29% for those with 2 or more

to discontinuation of erlotinib in 11 patients (18%), including
3 due 10 [LD-like events, 2 due to ALT elevation, and one
cach due to rash, paronychia, punctate keratitis, dyspnea/
hypoxia, pneumonia and fever/inflammatory neck swelling,
and to dose interruptions in 30 patients (48.4%), While the
main reasons for the dosc interruptions were rash (n = 15;
24.2%) and diarrhea (n = 4; 6.5%), only one patient with rash

TABLE 3. Logistic and Cox Regression Analysis

Odds Ratio® (95% CI) rd
Logistic reg analysis of resp
Univariste analysis
Sex (female vs male) 0.14 0.04-0.48 0.002
Age (<65 vs =65) 1.26 0.38-4.13 0.704
Histology (non-AD vs AD) 1.20 0.12-12.41 0.878
Smoking history (never vs current or former) 0.08 0.02-0.30 <(.001
Performance starus (0 vs =1) 0.62 0.19-1.98 0.420
Prior regimens (1 vs &=2) 143 0.36-3.53 0.832
Stage (I1IB vs IV) 099 0.17-5.65 0.988
KL-6 (buseline) (<median [496.5 U/ml”| vs =median) 1.64 0.53-5,12 0.392
Best response to previous chemotherapy (non-PR vs PR) 090 0.24-333 0.869
Prior taxanes (no vs yes) 043 0.10-1.84 0.253
Time since initial diagnosis (=12 mo vs >12 mo) 1.02 0.31-3.30 0.976
Multvanate analysis
Smoking history (never vs current or former) 0.06 0.02-0.28 <0.001
Time since initial diagnosis (<12 mo vs =12 mo) 222 0.49-10.20 0.304
Cox regression analysis of survival
Univariate analysis
Sex (female vs male) 1.76 0.85-3.61 0.126
Age (<65 vs =63) 0.86 044-1.71 0.675
Histology (non-AD vs AD) 0.55 0.19-1.55 0.255
Smoking history (never vs current or former) 1.90 0.93-3.90 0.079
Performance status (0 vs =1) 231 1.12-4.73 0.023
Prior regimens (1 vs =2) 093 0.50-1.75 0833
Stage (IIB vs IV) 1.38 0.49-3.89 0.542
KL-6 (baseline) (<median [496.5 U/ml" | vs =median) 1.64 0.87-3.06 0.125
Best response (o previous chemotherapy (non-PR vs PR) 0.66 D31-1.44 0.300
Prior taxanes (no vs yes) 209 0.74-5.90 0.163
Time since initial diagnosis (=12 mo vs >12 mo) 0.76 0.40-1.47 0418
Multivanate analysis
Smoking history (never vs current or former) 220 1.06-4.56 0.035
Performance status (0 vs =1) 259 1.25-5.37 0.01]
“ Or 629 ng/ml
5 Loft sitc of *vs' indicates reference group.
PR. partial AD, ad interval,
1442 Copyright © 2008 by the International Association for the Study of Lung Cancer
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TABLE 4. Major Treatment-Related Adverse Events and Interstitial Lung Disease-Like Events

NCI-CTC Grade (n)

Event” n % 1 2 3 >4
Rash 61 98.4 18 4] 2 0
Dry skin 50 80.6 44 6 — -
Diarrhea 46 74.2 33 10 3 0
Pruritus 45 726 38 7 0 —
Stomatitis 1 387 19 4 1 ]
Fatigue 21 339 15 6 0 0
Anorexia 19 30.6 11 6 2 0
Paronychia 18 290 12 5 1 0
C-reactive protein increased 15 242 8 7 ] 0
Alanine fi i d 15 242 11 2 2 0
Total bilirubin increased 15 242 8 7 i} 0
Weight loss 13 210 13 0 0 —
ILD-like events 4 6.5 | '] 2 1*
Brinkman  Performance

Case Sex Age  Smoking History Index Status Histology Onset (day)  Outcome  Relation to Erlotinib®
1 Male 75 Former 640 1 Adenocarcinoma 52 Recovery Probable

2 Male 67 Never — 1 Adenocarcinoma 103 Death (145) Possible

3 Female 39 Never — 0 Adenocarcinoma 85 Recovery Probable

4 Male 69 Former 1000 | Adenocarcinoma 13 Recovery Unlikely

“ Categorized by MedDra Ver.7.1 (except for event)
* Grade §
* Judged by ILD review committee.

NCI-CTC, Mational Cancer Institute Commaon Toxicity Criteria; LD, imerstinial lung discase.

had to discontinue treatment, and no patients had to discon-
tinue because of diarrhea or any other digestive toxicity.
Fourteen patients (23%) had dose reductions due to AEs,
mostly due to rash (n = 9; 15%). Treatment-related AEs with
an incidence of 20% or more are shown in Table 4; the main
events were rash (98%), dry skin (81%), and diarrhea (74%).
Elevated laboratory test values related to liver function were
found in some patients (total bilirubin: 24%, ALT: 24%), and
grade 3 ALT elevation led to treatment discontinuation in 2
patients. Four patients had ILD-like events, including wors-
ening of radiation pneumonitis in one patient, and one died
(Table 4). All four (three men; one woman) had an ECOG PS
of 0-1 and 2 were former smokers. The patient who died was
a 67-year-old man with adenocarcinoma and no history of
smoking who discontinued treatment on day 84 due to PD.
He developed interstitial pneumonia on day 103 and received
3 days of palliative thoracic irradiation from day 99, after
completing the study (3 Gy X 3 days). A computed tomog-
raphy scan showed characteristic features of ILD (crypto-
genic organizing pneumonia-like pattern), and the ILD re-
view committee decided that use of erlotinib could not be
excluded as the cause, For the patient with worsening of
radiation pneumonitis (case 4), the committee concluded that
there was a possible influence of previous radiation therapy,
and that this could be seen in the computed tomography scan
on day 1. There was, therefore, little reason to suspect that the
use of erlotinib had been the cause. Rather, it appeared that
the radiation pneumonitis had worsened according to the
normal course of illness.

Copyright © 2008 by the Internarional Association for the Study of Lung Cancer

Biomarker Analysis

Tissue samples for measurement of EGFR mutations
were available for 16 of the 60 patients evaluated for efficacy.
For 7 patients, all base sequences were successfully identified
in the 4 segments of exons 18-21. All seven (three men, four
women) had adenocarcinoma; three were never-smokers,
three former smokers and one a current smoker. Three had
PR, two SD and two PD. Five of the seven patients had EGFR
gene mutations and, in all, seven different mutations were
detected. The 3 patients with PR all had deletion mutations in
exon 19 (del E746-A750 or del §752-1759). One of the 2
patients with PD had no mutations and the other had 2
substitution mutations: L858R in exon 21 and the resistance
mutation T790M in exon 20 (Table 5).

Paraffin-embedded tissue samples for immunohisto-
chemistry were available from 12 patients, among whom, 11
had successful determinations of immunohistochemical stain-
ing (including 3 patients with PR). Six of the 11 were found
to be EGFR-positive and 4 were HER2-positive. However,
there were no notable relationships between the EGFR and
HER2 expression status and either tumor response or patient
characteristics such as sex, histological type or smoking
history (data not shown).

DISCUSSION

The present study was conducted on the basis of results
from a phase | study of erlotinib in Japanese patients with
solid tumors,'* which showed erlotinib to be well tolerated at
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TABLE 5. EGFR Mutation Analysis

Response  TTP (d)  Survival (d) Sex Histology Smoking history  Mutation status  Exon Type of Mutation
PR 22 546 Female  Adenocarcinoms Never + % del ET46-A750
PR 230 811+ Male Adenocarcinoma Current + 19 del 5752 —1759 and T75IN
PR 278+ 911 Fermale  Adenocarcinoma Never + 19 VT86M. del ET46-A750
sD 224 649+ Male Adenocarcinoma Former + 2 del VE4-
sD n 37 Female  Adenocarcinoma Former - - —_—
PD 60 604 + Female  Adenocarcinoma Never + 20,21  LESSR, T790M
PD 19 347 Male Adenocarcinoma Former - — —

TTP, ume 1o prog ; PR, partial SD, sable discase; PD, progressive discase.

a dose of 150 mg/d, as well as a phase Il study of erlotinib in
NSCLC conducted in the United States.'® In this study,
erlotinib achieved an ORR of 28.3%, which was higher than
expected, and a DCR of 50%. The response rate was higher
than that determined in the above-mentioned phase I1 study'®
and in keeping with the rate seen in the Japanese subgroup in
the phase [1 study of gefitinib (IDEAL1; 27.5%).¢ Assessment
of QoL using the LCS demonstrated a clinically meaningful
rate of symptom improvement of 42.1%.

The characteristics of the patients in this study were
generally similar to those of NSCLC patients as a whole, in
terms of their demographics and disease and treatment his-
tory, with the exception of a particularly high proportion of
patients with adenocarcinoma (92%). The possibility of en-
rollment bias on the basis of histological type cannot be ruled
out, in part because enroliment coincided with the emergence
of reports that the efficacy of EGFR-TKI therapy was greater
in patients with adenocarcinoma.!” However, we also ob-
served one PR and two SDs among three patients with
squamous cell carcinoma (FAS population), and our results
do not rule out the efficacy of erlotinib in any patient subtype.
A multivariate logistic regression analysis showed that smok-
ing status was significantly associated with tumor response,
in agreement with previous studies of predictive factors for
response to EGFR-TKIs. 5 1%.19

The median survival time with erlotinib was an encour-
aging 14.7 months. One of the reasons for this long survival
may be the high proportion of never-smokers and patients
with adenocarcinoma compared with those of other studies,
particularly the multinational phase IIl erlotinib study
(BR.21).5 On the other hand, the presence of EGFR gene
mutations is currently regarded as an important determinant
of treatment response to EGFR-TKIs?*2! and may be the
most important factor in relation to the favorable results seen
in the present study. However, it is important to recognize
that the potential prognostic effect of mutation status cannot
be excluded. The sample size of this and previous trials limits
the interpretation of this effect, which will be adequately
assessed only by means of appropriately powered trials spe-
cifically designed to examine these factors.

Assessment of the presence or absence of EGFR gene
mutation was possible in only seven patients in the present
study. Despite this, the results were consistent with the results
of some previous studies. All three of the patients who had a
PR (including a male current smoker) had an in-frame dele-
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tion in exon 19, which is considered to be the most frequent
mutation site in the EGFR-TK domain.?* One of the 2
patients with PD had a point substitution mutation (L858R) in
exon 21, the second most frequent mutation site,?? and a point
mutation (T790M) in exon 20, which is suggested to be
involved in tolerance to EGFR-TKI.'2-2224 [t would be valu-
able to conduct further prospective randomized studies on the
association between these markers and survival during treat-
ment with erlotinib in Japanese patients.

Rash and diarthea were the main AEs reported by
patients on erlotinib treatment, as reported in previous stud-
ies.* %15 Rash was observed in almost all patients, and was
the main reason for treatment interruptions or dose reduc-
tions. Although the protocol allowed treatment to be inter-
rupted for grade 3 rash (or intolerable grade 2 rash), grade 3
rash only occurred in 2 patients, leading to discontinuation of
treatment in one. Most cases of rash responded to symptom-
atic treatment and either interruption or dose reduction of
erlotinib. Despite suggestions in some reports that the presence
of erlotinib-related rash is associated with treatment efficacy and
can be used to predict response,*® no supportive evidence was
found in the present study.

The incidence of ILD, which is the most clinically
problematic AE associated with erlotinib, tended to be higher
than that reported in other clinical studies of erlotinib.*2¢ This
is in keeping with this class of agent, and is not unexpected
in the Japanese population.

We would recommend that careful screening of patients
for ILD risk factors, particularly signs of interstitial pneumo-
nia and pulmonary fibrosis, is done before erlotinib therapy is
initiated. Individuals with any previous history of ILD were
excluded from this study.

In conclusion, erlotinib (150 mg/d) was shown to have
promising antitumor efficacy in Japanese patients with pre-
viously treated NSCLC, leading to clinically meaningful
improvements in symptoms and an encouraging median sur-
vival time. Despite, as expected, a high rate of rash and
diarrhea, erlotinib was well tolerated at a dose of 150 mg/d by
the majority of patients.
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KEYWORDS Summary This study was conducted to evaluate the prevalence of EGFR and KIT mutations in
thymomas and thymic carcinomas as a means of exploring the potential for molecularly targeted

m::?zaz;rdnoma; therapy with tyrosine kinase inhibitors. Genomic DNA was isolated from 41 paraffin-embedded
EGFR; tumor samples obtained from 24 thymomas and 17 thymic carcinomas. EGFR exons 18, 19, and
KIT; 21, and KIT exons 9, 11, 13, and 17, were analyzed for mutations by PCR and direct sequencing.
Mutation; Protein expression of EGFR and KIT was evaluated immunohistochemically. EGFR mutations

were detected in 2 of 20 thymomas, but not in any of the thymic carcinomas. All of the EGFR
mutations detected were missense mutations (LB58R and G863D) in exon 21. EGFR protein was
expressed in 71% of the thymomas and 53% of the thymic carcinomas. The mutational analysis of
KIT revealed only a missense mutation (L576P) in exon 11 of one thymic carcinoma. KIT protein
was expressed in 88% of the thymic carcinomas and 0% of the thymomas. The results of this
study indicate that EGFR and KIT mutations in thymomas and thymic carcinomas are rare, but
that many of the tumors express EGFR or KIT protein.

© 2008 Elsevier Ireland Ltd. All rights reserved.

Treatment

1. Introduction carcinoma [1]. Surgical resection is the preferred treatment
option for all subtypes of thymoma and thymic carcinoma.
Thymic epithelial tumors are uncommon neoplasms and  However, thymic carcinomas and some thymomas tend to
there are two major histological types: thymoma and thymic ~ Dehave in a malignant manner clinically, and in many cases
dissemination or distant metastasis has already occurred
at presentation. Patients with metastatic or unresectable
tumors are candidates for systemic chemotherapy, but no

* Corresponding author. Tel.: +81 47133 1111; standard chemotherapy has been established because of the
fax: +B1 4 7131 4724, rarity of both tumors [2—5], and alternative therapeutic
E-mall address: kyoh@east.ncc.go.jp (K. Yoh). molecular targets are needed.
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Receptor tyrosine kinases such as epidermal growth fac-
tor receptor (EGFR) and KIT, contribute to a number of
processes related to the survival and growth activity of many
solid tumors, making them promising targets for cancer ther-
apy [6—8]. Recent studies have shown that the presence
of kinase domain mutations in the EGFR gene in non-small
cell lung cancer (NSCLC) tissue predicts a significant clin-
ical response to small-molecule tyrosine kinase inhibitors
(TKIs) of EGFR, such as gefitinib and erlotinib [9], and it is
widely known that there is an association between exon 11
mutations of the KIT gene in gastrointestinal stromal tumors
(GISTs) and greater responsiveness to imatinib as a small-
molecule TKI of KIT [10].

Several immunohistochemical studies have shown over-
expression of EGFR protein in both thymoma and thymic
carcinoma [11,12], and in thymic carcinoma, immunohis-
tochemical studies have shown a high frequency of KIT
overexpression but that thymomas express hardly any KIT
[13,14]. Two interesting cases have recently been reported.
One was a case of thymic carcinoma with an activating KIT
mutation that responded to imatinib, reported by Strobel et
al. [15], and the other was a case of thymic carcinoma with
EGFR mutations that was responsive to gefitinib, reported
by Yamaguchi et al. [16], However, because of the rarity of
these tumors, information on the mutational status of EGFR
and KIT in thymomas and thymic carcinomas has been lim-
ited to only a few reports, and the prevalence of EGFR and
KIT mutations remains unknown.

In this study, we investigated the status of EGFR and
KIT mutations in thymoma and thymic carcinoma patients
to explore the potential for molecularly targeted therapy
with TKls. We also investigated the relation between pro-
tein expression assessed by immunohistochemistry and the
mutational status of EGFR and KIT.

2. Patients and methods

2.1. Patients

The tumor samples used in this study were obtained from
paraffin-embedded surgical specimens from 41 cases of thy-
moma or thymic carcinoma treated surgically at the National
Cancer Center Hospital East between 1993 and 2005, All
samples were reviewed to confirm the diagnosis of thy-
moma or thymic carcinoma. The clinical data of all patients
was collected from their medical records. This study was
approved by the Institutional Review Board of our institu-
tion.

The characteristics of all of the patients are listed in
Table 1. Patient age ranged from 21 to 77 years, and their
median age was 61 years. The specimens used were from
24 thymomas and 17 thymic carcinomas. According to the
World Health Organization (WHO) classification of thymic
epithelial tumors, the histological subtype of the thymo-
mas was type A in 7 cases, type AB in 7 cases, type B1in 6
cases, and type B2 in 4 cases. The histological subtype of the
thymic carcinomas was squamous cell carcinoma in 14 cases,
and adenocarcinoma, adenosquamous carcinoma, and non-
specified in 1 case each. According to the system described
by Masaoka et al. [17], the clinical stage was stage | in 15
patients, stage |l in 8 patients, stage Il in 9 patients, stage
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Table 1  Patient characteristics
Patients (n=41)

Age, years

Median 61

Range 211-77
Gender

Female 20

Male 21
Histology

Thymoma 24

Thymic carcinoma 17
Stage

I 15

Il 8

n 9

Va 1

Vb 8
Surgical procedure

Total resection 36

Partial resection 5
Smoking history

Never 19

Former 1

Current ik

IVa in 1 patient, and stage IVD in 8 patients. All patients had
undergone total resection (n=36) or partial resection (n=5)
after obtaining their informed consent in accordance with
institutional guidelines.

2.2. Mutational analysis of EGFR and KIT

Tumor genomic DNA was isolated from paraffin-embedded
samples of a total of 41 tumors, 24 thymomas and 17
thymic carcinomas. To ensure that tumor-cell-rich areas
of tissues were fsolated, hematoxylin and eosin stained
slides were prepared from each selected paraffin-embedded
block. Polymerase chain reaction (PCR) was performed to
amplify exons 18, 19, and 21 of EGFR and exons 9, 11, 13,
and 17 of KIT by using previously described primers [9,18],
and the PCR products were directly sequenced with an ABI
3100 DNA Sequencer (Applied Biosystems, Foster City, CA,
USA). All sequencing reactions were performed in both for-
ward and reverse directions. A series of mutational analyses
was performed at Mitsubishi Chemical Safety Institute Ltd.

2.3. Immunohistochemistry

Protein expression of EGFR and KIT was evaluated immuno-
histochemically in representative paraffin-embedded sec-
tions. EGFR staining was performed by using the DAKO
(Carpinteria, CA, USA) pharmDX kit for EGFR according to
the manufacturer's instructions, and immunostaining for KIT
was performed by using a polyclonal rabbit antibody (A 4502;
Dako, Glostrup, Denmark) according to the manufacturer’s
instructions. Staining of both markers was considered posi-
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tive if more than 50% of the tumor cells stained. All slides
were examined and scored independently by two observers
(G.l. and K.Y.).

2.4, Statistical analysis

The variables measured in the study were tested for associ-
ations by Fisher’s exact test. P values <0.05 were considered
statistically significant.

3. Results

3.1. EGFR analysis of thymomas and thymic
carcinomas

Sequencing of the EGFR tyrosine kinase domain encoded by
exons 18, 19, and 21 was successful in 29 of the 41 tumors
(Table 2). EGFR mutations were detected in 2 of the 20
thymomas, but direct sequencing showed no evidence of
mutations in any of the 9 thymic carcinomas. All of the
EGFR mutations detected were missense mutations in exon
21 (LBS8R or G863D), and no mutations were detected in
exons 18 and 19. Examination of 21 thymomas and 17 thymic
carcinomas for EGFR protein expression by immunohisto-
chemistry revealed EGFR expression in 15 (71%) of the 21
thymomas and 9 (53%) of the 17 thymic carcinomas. The
difference in EGFR expression between the thymomas and
thymic carcinomas was not significant (P=0.31).

3.2. KIT analysis of thymomas and thymic
carcinomas

It was possible to analyze the KIT mutation status of 22
thymomas and 11 thymic carcinomas by direct sequencing
(Table 3). A missense mutation in exon 11 (L576P) was found
in only one thymic carcinoma, and direct sequencing of KIT
exons 9, 13, and 17 revealed no mutations in any of the
tumors analyzed. Immunohistochemistry showed KIT protein
expression in 15 (88%) of the 17 thymic carcinomas, but no
KIT expression in any of the 24 thymomas (P < 0.0001).
Table 4 summarizes the data of all patients whose tumors
were positive for EGFR or KIT mutations. Exon 21 muta-
tions in the EGFR gene were found in two thymomas (Fig. 1A
and B), and an exon 11 mutation was identified in the KIT
gene of 1 thymic carcinoma (Fig. 1C). Because these muta-

Table 2 EGFR status of thymomas and thymic carcinomas

EGFR mutation Thymoma Thymic carcinoma
(n=20) (n=9)

Exon 18 0 0

Exon 19 0 0

Exon 21 2 0

No mutation 18 9

EGFR expression Thymoma  Thymic carcinoma P
(n=21) {n=17)

9 (53%) 0.31

Positive 15 (71%)

Table 3  KIT status of thymomas and thymic carcinomas

KIT mutation Thymoma Thymic carcinoma
(n=22) (n=11)

Exon 9 0 0

Exon 11 0 1

Exon 13 0 0

Exon 17 0 0

No mutation 2 10

KIT expression Thymoma
(n=24)

0 (0%)

Thymic carcinoma P
(n=17)

15 (88%)

Positive < 0.0001

tions were not detected in the normal lung tissues from the
same patients, they were considered to be somatic muta-
tions. Both patients whose tumors were positive for EGFR
mutation were never smokers. All three patients had under-
gone surgical resection, and they are currently alive and
relapse-free,

4, Discussion

In this study, EGFR mutations were observed in the DNA
sequences of 2 thymomas of 29 tumors analyzed, and anal-
ysis of the KIT mutation status of 22 thymomas and 11
thymic carcinomas by direct sequencing revealed a mis-
sense mutation in exon 11 in only 1 thymic carcinoma. By
contrast, 71% of the thymomas and 53% of the thymic car-
cinomas expressed EGFR protein, and overexpression of KIT
was observed in 88% of the thymic carcinomas and 0% of the
thymomas. The results show that the EGFR and KIT protein
expression in the thymomas and thymic carcinomas was not
associated with EGFR or KIT mutations.

A review of the medical literature retrieved reports of
two studies that investigated EGFR mutations in thymomas
or thymic carcinomas [19,20] and of one study that tested
thymic carcinomas for KIT mutations [13]. Suzuki et al.
reported that direct sequencing did not reveal any EGFR mis-
sense mutations in a total of 38 thymoma samples obtained
from Japanese patients [19]. Meister et al. reported detect-
ing no mutations in the tyrosine kinase domain of EGFR in
20 DNA samples from 17 thymomas and 3 thymic carcinomas
analyzed by direct sequencing [20]. Pan et al. performed
a mutation analysis of KIT by direct DNA sequencing in 21
thymic carcinomas, but found none [13]. To date, EGFR
mutations (double missense mutations: G719A in exon 18
and LB58R in exon 21) have been reported in one case of
thymic carcinoma [16], and a KIT mutation (V560del in exon
11) in one case of thymic carcinoma [15]). The results of
our study and review of the literature suggest that EGFR or
KIT mutations are rare in thymomas and thymic carcinomas
but that expression of EGFR and KIT is frequently present.
Mutations that activate receptor tyrosine kinases contribute
to the development of human carcinomas, and the activa-
tion of a mutation in the KIT gene is thought to be the most
important factor in the pathogenesis of GISTs [7,8]. How-
ever, we speculate that EGFR or KIT mutations may not be
implicated in the carcinogenesis of thymomas and thymic
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Table 4 Summary of thymoma and thymic carcinoma patients with EGFR or KIT mutations in their tumors

IHC

Mutation
Gene

Clinical characteristics

Amino acid
change
LB5BR

Nucleotide

change

Clinical outcome Exon

Histology

Masaoka
stage

Smoking status
L}

Age/sex

No.

EGFR (+)

2573T=G

21

EGFR

1 years of disease-free

Thymoma (type A)

Never

65/F

1

survival after complete

resection

GB63D EGFR (-)

2588G> A

1

EGFR

5 years of disease-free

Thymoma (type B1)

69/F Never

2

survival after complete

resection

KIT (+)

L576P

1748T>C

1"

KT

6 years of disease-free

Thymic carcinoma (5q)

Former (20

59/M

3

survival after complete
resection

pack-years)

Abbreviations; Sq, squamous cell carcinoma; IHC, immunohistochemistry.

CAGATTTT GGGCI GGC CAAACTGC
G

(b)
G863D mutation

CCARACTGCT GG_G_T GC GG AAGAG!
A

(c)

AACACAACTTCCTTATGA

_E_

Fig. 1  Electropherograms of the products of direct sequenc-
ing of EGFR and KIT. (a and b) Two thymomas contained a single
missense point mutation in exon 21 of EGFR. (c) One thymic
carcinoma contained a single missense point mutation in exon
11 of KIT.

carcinomas because of the low frequency of EGFR or KIT
mutations in these tumors.

Remarkably, the EGFR mutations (L858R and GB863D,
respectively, in exon 21) observed in the 2 thymomas in
our study were similar to the active mutations in NSCLC
that have been reported to be predictors of a therapeutic
response to EGFR-TKI by NSCLCs [9,21]. Moreover, the KIT
mutation (L576P in exon 11) identified in the 1 thymic car-
cinoma in our study had previously been described as one of
the mutations that predicts a clinical response of GISTs to



