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Fig. 1. Sex, tumor histology, and smoking status of patients with advanced non-small cell lung cancer and with either (a) epidermal growth factor
receptor (EGFR) mutations or (b) a high EGFR copy number. Ad, adenocarcinoma. *P-values were determined by Fisher's exact test.

Table 4. Relationship between epidermal growth factor receptor
(EGFR) mutation and either fluorescence In situ hybridization (FISH)
status of EGFR amplification

FISH status Gene amplification
Mutation status . e sttt
Positive  Negative Positive  Negative
Positive (n = 18) 8 10 4 14
Negative (n = 82) 24 58 2 80
Pvalue* 0.266 0.009

*Determined by Fisher's exact test.

positivity was not associated with sex, tumor histology. or smoking
status (Fig. 1b). Although no relmionship was apparent between
EGFR mutation and FISH positivity (gene amplification or high
polysomy), EGFR mutation and EGFR amplification were signifi-
cantly associated (Table 4). The clinicopathological and genetic
features of patients with EGFR mutations are shown in Table 5,

Overall survival. For the total patient population, the median
overall survival was 12.3 months, with a 1-year survival rate of
51.7%. Univariate analysis revealed that overall survival was
significantly longer in women, never-smokers, patients with a
favorable PS, and those with EGFR mutations (Table 6; Fig. 2a).
In contrast, no difference in overall survival was t between
FISH-positive and FISH-negative patients (Table 6; Fig, 2b). We
also carried out multivariate analysis to identify factors that
contribute to overall survival, with covariates including clinico-
pathological and genetic factors (sex, smoking history, tumor
histology, PS, EGFR mutation status, FISH status). Female sex
and favorable PS were found to be independent prognostic
factors (Table 6).

Responsiveness to epidermal growth factor receptor tyrosine kinase
inhibitor treatment. OF the 53 patients treated with EGFR TKI,
40 individuals were assessable for objective response, Whereas
the rate of response to EGFR TKI treatment for patients with
EGFR mutations was significantly higher than that for those
without such mutations (71.4 vs 11.5%, P < 0.001), there was no
significant association between FISH status and responsiveness

Table 5. Clinicopathological and genetic features of patients with epidermal growth factor receptor (EGFR) mutations

Age smokin _ = Type of EGFR mutation adl
No. Sex g P — FR number
i (years) status Histdlogy o EGrRTKI sequencing ARMS e v
| 72 F Never Ad PR LBSSR Low trisomy
2 58 F Never Ad PR LBSSR LBS8R Gene amplification
3 81 ¥ Never Ad so LBSBR LBSBR High polysomy
4 72 F Never Ad NE LBSBR Gene amplification
5 48 M Smoker Ad sD LB58R Low trisomy
6 67 F Never Ad o LBSER Low trisomy
7 59 F Never Ad PR LBSBR High polysomy
B 78 M Smoker Ad LBS8R High trisomy
9 m F Never Ad PR LBS8R Low polysomy
10 82 F Never Ad PR LBSBR LB58R Low trisomy
1 67 3 Never Ad LB58R LB5BR High polysomy
12 87 F Never 59 PR LB58R LB58R Low polysomy
13 78 M Never Ad LBSBR Gene amplification
14 56 F Never Ad PR (E746_A750)del Low polysomy
15 63 M Never Ad PD (E746_A750)del (E746_A750)del Gene amplification
16 63 M Smoker Ad PR (E746_AT750)del Low polysomy
17 b1 M Smoker Ad PR (E746_5752)del insV Low trisomy
18 73 F Never Ad PR (E746_T751)del insS High polysomy
Ad, adenocarcinoma; ARMS, amplification-refractory mutation system; NE, not evaluated; PD, prog di PR, partial resp : 5D, stable

disease; 5q, squamous cell carcinoma; TKI, tyrosine kinase inhibitor.
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Table 6. Univariate and multivari lyses of prog

ic factors for overall survival

s Univariate analysis Multivariate analysis

e e i et S i . i g
HR 95% Cl Pvalue HR 5% CI Pvalue

Sex (female/male) 0.54 0.32-0.9 0.021 055 0.32-0.93 0.025

Smoking history (never-smoker/smoker) 0.50 0.30-0.8% o.011

Histology (adenocarcinomalother) 0.64 0.39-1.05 0.077 0.68 0.40-1.14 o140

ECOG PS (0/21) 0.44 0.24-0,79 0.006 0,48 0.29-0.86 0.018

EGFR mutation status (positive/negative) 0.52 0.28-0.97 0.039

FiSH status (positiveinegative) 1.36 0.82-2.23 0.231 1.49 0.88-2.50 0130

¢, confidence interval; ECOG, Eastern Cooperative Dnc
hybridization; HR, hazard ratio; PS, performance status.
=0.2). Significant P-values are shown in bold.
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Fig. 2. Kaplan-Meier plots of overall survival in patients with advanced non-small cell lung cancer and either (a) with or without epidermal growth
factor receptor (EGFR) mutations or (b) with or without a high EGFR copy number. FISH, fluorescence in situ hybridization.

to EGFR TKI (44.4 vs 29.0% for FISH-positive vs FISH-negative
patients, respectively, P =0.437).

Discussion

We have analyzed both EGFR mutation and EGFR copy number
in paired tumor specimens as well as the relationship between
these two types of EGFR alterations in advanced NSCLC. We
used two methods to detect EGFR mutations, direct sequencing
and Scorpion-ARMS, which identified eight and 16 mutations,
respectively. Direct sequencing failed to detect 10 of the 16
mutations identified by Scorpion-ARMS. Of the 10 patients
with EGFR mutations detected by Scorpion-ARMS alone, seven
were assessable for an objective response 1o EGFR TKI, with
five exhibiting a partial response and two having stable disease.
Consistent with previous observations,”™ ™ our data thus indicate
that Scorpion-ARMS is more sensitive than direct sequencing for
detection of the two major types of EGFR mutation that reflect
responsiveness to EGFR TKI. It should be noted, however, that
most polymerase chain reaction-based systems for mutation
analysis, including Scorpion-ARMS, are able to detect only known
EGFR mutations targeted by the designed primers. Indeed, two
minor vanants of deletion mutation in exon 19 were not identified
by Scorpion-ARMS in the present study. Given the exclusion of
recurrence after surgical resection in our study, most tumor
specimens analyzed were obtained cither by transbronchial lung
biopsy or by percutancous needle lung biopsy. The amount of
tumor tissue obtained by these procedures is limited, but our
resuits suggest that it is sufficient both for histopathological

2458

analysis and for the detection of EGFR mutations by Scorpion-
ARMS in patients with advanced NSCLC.

ARMS identified three E746_A750 deletion mutations
in exon 19 and 13 LE58R point mutations in exon 21 in the
present study, The frequency of the E746_A750 mutation detected
by Scorpion-ARMS thus appeared low compared with that of
the L858R mutation. Previous studies have shown that the inci-
dence of the E746_A750 deletion is approximately the same as
that of the LB58R mutation."™'” The sensitivity of Scorpion-
ARMS for detection of the E746_A750 deletion is equivalent to
that for detection of the LESER point mutation. The low
of the E746_A750 deletion mutation in the present study is thus
likely due to the small number of samples.

Previous studies have revealed a higher prevalence of EGFR
mutations in East Asians than in Caucasians. ‘0-1220203403631.135
The prevalence of EGFR mutations in our Japanese cohort was
low (18%) compared with values determined previously for East
Asian populations. Given that most previous studies examined
only individualg treated with EGFR TKI, patient sclection bascd
on clinical predictors might have led to an increase in the pro-
portion of subjects with adenocarcinoma histology, a factor
known to be associated with EGFR mutations. In contrast, our
study was carricd out with conseculive cases irrespective of
EGFR TKI treatment. The relatively low ion of patients
with adenocarcinoma histology (61%) in our cohort is therefore
consistent with the low prevalence of EGFR mutations. How-
ever, the FISH positivity of 32% in our study is similar (o that
in previous studies that ndngul the same criteria, with values
ranging from 31 to 48%.'2**3" Consistent with previous

doik: 10.1111/}.1349-7006.2008.00962.x
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results,!'*'? EGFR mutations were significantly more frequent
among women, never-smokers, and patients with adenocarcinoma
in the presemt study. In contrast, neither EGFR amplification
(analysis not shown) nor FISH positivity was associated with
any such clinicopathological factor in our study, although the
relationship between EGFR amplification and never-smoking
status approached statistical significance (P = 0.090).

The relationship between EGFR mutation and FISH positivity
(gene amplification ‘”zﬂfl‘ polysomy) in NSCLC patients has
remained unclear, ™22 [y the present study, we have dem-
onstrated a significant relationship between EGFR mutation and
EGFR amplification, but not between EGFR mutation and FISH
positivity, in tumor specimens [rom patients with advanced
NSCLC. EGFR mutant alleles were previously found to be
amplified selectively, resulting in a high EGFR copy number, as
detected l:;y quantitative real-time polymerase chain reaction
unalysis.!'* EGFR amplification has also been shown to be
acquired during invasive growth of lung adenocarcinoma with
EGFR mutations.””” Furthermore, recent studies have found that
an increase in EGFR copy number is a relatively late event in
NSCLC pathogenesis'™ and that EGFR mutation precedes EGFR
amplification but not necessarily high polysomy.""*” These
observations thus support the existence of a close association
between EGFR mutation and EGFR amplification. We previously
showed that EGFR mutation was significantly associated with
EGFR amplification in human NSCLC cell lines and that endog-
enous EGFR expressed in such cell lines that manifested both
of these EGFR alterations were activated constitutively as a
result of ligand-independent dimerization.™ However, the bio-
logical consequences of high polysomy for EGFR have not been
elucidated. We did not find any cut-off value of high polysomy
that was associated with EGFR mutation. We therefore propose
that EGFR amplification, but not high polysomy, plays a key
role in the pathogenesis of NSCLC and correlates with EGFR
mutation.

‘We sought to determine whether EGFR mutation or EGFR copy
number might affect overall survival of NSCLC patients. Previ-
ous studies of EGFR TKI have suggested that EGFR mutation
is a favorable prognostic indicator for patients with NSCLC,3¢
We also found that the survival time of paticnts with EGFR
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Abstract

Background. Recently, a high rate of brain metastases
lias been reported among patients with humun epidermal
growth factor receptor (HER2)-overexpressing metastatic
breast cancer who were treated with trastuzumab. The
present study examined risk actors for the development
of brain metastasis in patients with HER2-overexpressing
breast cancer who were treated with trastuzumab,
Methods. We vetrospectively reviewed 204 patients with
HER-2-overexpressing breast cancer who were treated with
a trastuzumab-containing regimen between 1999 and 2006,
Patients with clinical symptoms were diagnosed as having
brain metastases when brain magnctic resonance imaging
(MRI) or a compuled tomography (CT) scan revealed posi-
tive findings for brain metastases. The median follow-up
time of this cohort was 33.6 months.

Results. Among the patients who received a trastuzumab-
containing regimen, 74 patients (36.3%) developed brain
metastases. The median survival (rom the diagnosis
of brain metastases was 13.5 months (Y5% confidence inter-
val [CT], 12.2-14.7 months). The median time interval
belween the beginning of (rastuzumab (reatment and (he
diagnosis of brain metastases was 13.6 months (range.
0.0-45.8 months). Among patients with brain metastases,
the median overall survival period was 39 months. A mul-
tivariale logistic regression analysis showed (hal age (<50
years), recurrent breast cancer. and liver metastases were
significant nsk factors for the development of brain
melastases

Conclusion. Palients with HER2-overexpressing breasi
cancer treated with trastuzumab had a high incidence of
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brain melastases (36.3%). Rouline screening for brain
metastases 1 year after the start of trastuzumab treatment,
may be warranted in younger patients (<50 vears) who had
recurren! breast cancer with liver metastases.

Key words HER2-overexpressing breast cancer - Trastu-
zumab - Brain metastases

Introduction

In approximately 25% of invasive breast cancers. the
human epidermal growth factor receptor (HER) 2 tyrosine
kinasc receplor is overexpressed.! HER2 is a member of
the epidermal growth factor receplor (EGFR) family,
which consists ol four different receptors and 1s associated
with cell proliferation, differentiation, and survival. Patients
with HER2-overexpressing  breast cancer  have more
aggressive tumors and a poor prognosis.™ Trastuzumab is
a recombinant humanized monaoclonal antibody targeted
against the extracellular domain of FER2" and is broadly
utilized for the treatment of not only advanced bul also
early-stage HER2-overexpressing breast cancer in an adju-
vant setting.”" Initially, trastuzumab in combination with
cytotoxic agents as a fivst-line chemotherapy regimen
showed o survival benclit for patienls with mctastatic
breast cancer with HER2 overexpression.” Recently, trastu-
zumab has been found o increase the clinical benefit of
treatment in patients with early breast cancer with HER2
overexpression,”™

Recently, a high rale of brain metastases among pa-
tients with metastanic HER2-overexpressing breast cancer
has been reported.” " Several reasons. including biological
{actors and treatment-related lactors. may be responsible
for this trend. A retrospeetive analysis has identilied HER2
as a risk factor for the development of central nervous
svstem (ONS) relapse.” The 10-vear cumulative incidence
ol recurrence n the NS was significantly higher in patients
with HER2-overespressing breast cancer. In additon, the
blood-brain barrier causes the brain to act as a sanctuary



site: antitumor agents cannot penctrate the blood-brain
barrier in quantities sufficicnt 1o achicve an antitumor
effect. In particular, trastuzumab has a high molecular
weight (145 kDa) and thus cannot enter brain tissue.
Because improvements in systemic discase control luve
cnabled patients with metastatic HER2-overexpressing
breast cancer Lo survive for longer peniods of time. and
because diagnostic magnelic resonance imaging (MRT) and
computed omography (CT) imaging lor brain metasiases
are now routinely used. the incidence of brain melastases is
mcreasing. However, the association between brain metas-
tases and the HER2 status remains unclear,

The aim of the present study was to identify risk factors
for the development of brain metustases in patients with
HER2-overexpressing breast cancer who were Ureated with
trastuzumab.

Patients and methods

Patient selection

Two hundred and fifty-two patients with breast cancer
received  (rastuzumab-based  chemotherapy  belween
January 1999 and January 2006 at the National Cancer
Center Hospital (NCCH). in Japan, Paticnls meeting
the following criteria were retrospectively selected for
this study: (1) metastatic or recurrent breast cancer: (2)
trastuzumab-containing chemotherapy used for metastatic
ar recurrent disease; and (3) patients who developed brain
metastases after the initiation ol trastuzumab therapy. We
excluded patients receiving trastuzumab in & neoadjuvant
or adjuvani setting and those who had developed sympiom-
atic brain metastases before the initiation of (rastuzumab
therapy. A total of 204 patients with HER2-posilive breast
cancer were included in this study. All the tumars were
diagnosed as breast cancer by pathologists at the NCCH.
The HER2 stulus, as assessed using Herceptest (Dako, Cur-
pinteria. CA, USA), was considered positive when staining
in more than 10% of the cells was graded as 3+ in an immu-
nohistochemical analysis (THC) or as 2+ using THC with
gene amplification on fluorescence in situ hybridization
(FISH). Patients with clinical symptoms suggesting brain
melastasis were diagnosed using brain MRI or CT imaging.
Data were collected from the patients” medical charts.
including the dates of the initial diagnosis of breast cancer
and the development of brain metastases, the recurrence of
breast cancer, the start of trastuzumab therapy. and death
or the last [ollow-up examination, as well as the sites of
discase al the starl of frastuzumab therapy and the details
of treatment, We also evaluated the cinical response of
extracranial metastatic diseases according to the Response
Evaluation Criteria in Solid Tumors (RECIST) at the vime
of the dingnosis of brain metastasis. The patient baseline
characteristics and prognostic [aclors for breast cancer were
reviewed, including age, performance status. hormone
receptor status, pathological nodal status and tumor size,
histological prade, and site of melastases.

61

1Al
Data collection and statistical analvses

Ihe patients’ characteristics and prognostic [aetors, includ-
ing age. stage. nodal status at nitial diagnosis of breast
cancer, estrogen receplor (ER) and progesterane receplor
{PeR) statuses, histological grade. nuclear grade, site of
metastases al the initiation of trastuzumab therapy. and
chemoltherapy regimens, were compared. using the x°
test and the Mann-Whiney U-iest, between HER2-
overexpressing breast cancer patienls with and withoul
hrain metastases. In all the analyses, a /* value of (L05 was
considered statistically signilicant. o wdentily predictive
factors for brain melustases, 1 multivariate logistic regres-
sion madel was generaied. All factors reaching significunce
al the 0,05 Jevel in a univanate analysis were included in
a multivariate model. Discasc-free survival (DFS) was
measured from the time of the imtial diagnosis of brenst
cancer. Patients wilth melastatic breast cancer @l the lime
of the mital diagnosis were included in the “within 24
mounths™ DFS group. The time intervals from the start of
trastuzumah therapy 1o the diagnosis of brain melastasis
and from the initial diagnosis of breast cancer to the diag-
nosis of bram metastasis were also calculated. Overall sur-
vival (OS8) was mcasured from the diagnosis of breast
cancer recurrence or melastatic breast cancer until death
or the last follow-up date, using the Kaplan-Meier method.
and was comparcd between breast cancer paticnts with
and those without brain metastases using the log-rank
lest.

Results

The median follow-up time of this cohort was 53.6 months
(range. (19-233.2 months). Among the 204 paticnts with
HER2-overexpressing breasl cancer who were treated us-
ing trastuzumab-containing regimens, 74 paticents (36.3%)
developed brain metasiases. The patients’ characteristics
are presented in Table 1, The patients with brain metas-
tases werc significantly younger than those without brain
metastases (P = 0.03). Similarly, significant associations
were observed between brain metastases and the number
of melasiatic sites (7 = (L01), iver metastases (7 = 0.004)
and bone metastases (2= (L007). Brain metastases were not
associated with the ER or PR statuses, the hisiological
grade, the pathological nodal status, or the tumor size. The
use of chemotherapeutic regimens containing anthracycline
or Laxane before the development of brain metastasis also
was nol significantly different between the breast cancer
patients with and those without brain metastases. No sig-
nificant association was scen between the discase-free
intervil and hrain metastasis. Tuble 2 shows the results ol
a4 multivanate logistic regression analysis. Pauent age at the
initial diagnosis (<50 vears: hazard ratio. 1.92; 95% conli-
dence interval [CT], 1.03-357; P = 0.04). recurrent breast
cancer (hazard ratio, 2.51,95% C1. 1.16~543. P = 0.02) and
liver melastases (hazard ratio, 2.10, 95% C1, 1.024.34, P =
0.04) were significant predictors of brain metastases. Bone
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Tahle 1. Patient charscteristics

BM=+ (%) BM-= (%) 1 value
Age (years)
<50 45 (61) 38 (45) oo
=50 29 {39) T2158)
Recurrence or stage 1V at diagnosis
Recurrence 61 (82) 91 (70) 0.05
Stage IV 13 (18} 39 (501
Number of metastases
=3 28 (38) 28 (22) om
<3 46 (02) 102 (78)
Sites of metastases al sturt of wasiuzumab therapy
Liver 32 (43) 31 (24) 0.004
Lung 27 (38) 36 (28) 019
Bone 40 (54) 45 (35) 0.007
Lymph 8 (51) 80 (62) 016
Pathological LN (1 = 147)
a 17 (28) 19 (22) n.3n
1-3 19 (32) 22 (25)
-9 1017 6 (1)
e 14 (23) 20 (23)
Pathological T (0= 144)
TO.1.2 M (67) 67 (TR) 015
Ti.d 19 (33) 19 (22)
Hormone receplor status (n = 204)
ER+ 24 (32) 47 (36) 059
PR+ 30 (41) 57 (44) 0.70
ER+ or PR+ 40 (54) 67 (52) 0.73
Histological grade (n = 178)
2 13 (21) 22(19) 0.75
3 49 (79) 94 (81)
Chemotherapy regimen belore development of brain metastases
Taxane 67 (91) 1B (91) 0.96
Anthracycline 24 (32) 53 (41) 024
Disease-free interval (n = 204)"
=24 Months 31 (42) 444 025
<24 Months 43 (58) 86 (66)

“Stage 1V breast cancer patients at initial dingnosis were included in the “<24-month group”

Table 2. Multivariate logistic regression analysis of rigk factors for
brain metastases

Hazard ratio (95% 1) P value

Age (years)

<50 1.92 (1.03-3.57) 0.04

=50
Disease type

Recurrence 251 (1.16-5.43) 0.02

Siage 1V
Liver melastases

* 210 (1.02-4.34) 0.04
Bone metastases

. 1.80 (0.94-3.45) no?
Munther of metastases

=23 1.54 (0.69-3,42) 0.29

<3

metastases tended to be a predictive factor for brain metas-
tasis, but the trend was not significant (P = 0.07).

The median survival perind alter the diagnosis of brain
metastases was 13.5 months (V5% CIL. 12.2-14.7 months)
Among the 74 patients with brain metastases, 68 patients
(92%) underwent radiation therapy 1o treat their brain
metastases. Eight patients also underwent metastatic brain
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tumor resection belore radiation thevapy. The remaining 6
patients (8%) who did not receive radiation therapy for
their brain metastases experienced the aggressive progres-
sion of cither their brain metastases or other metastases. In
36 (49%) of the 74 patients with brain melaslases, extracra-
nial metastases had also progressed at the time when
the symptomatic brain metastases were detected. Only
fourtcen patients (19%) maintaincd a complete or partiai
response (o syslemic therapy, Afller the appearance of
symptomatic brain metastases. 56 (76%) of the 74 patients
with brain metastases received further systemic therapy,
with & median of one more systemic therapeutic regimen
(range, 0-3). In particular, 26 (72%) of the 36 patients with
progressive extracranial disease received systemic therapy,
and 21 paticnts (58% ) acineved disease control of the extra-
cranial metastases for at least | month.

The median lime interval between the beginning ol
trastuzumab therapy and the development of the brain
metastascs was 13.6 months (range, 0.0-45.8 months). The
median ime interval between the diagnosis of recurrent or
metastalic disease and the development of brain metastases
was 19.6 months (range, 0.0-68.5 months). In patients with
brain metastases, the median OS was significantly shorter
than that in paticnts without brain metastases (median,
39.0 months: 95% C1.27.9-50.1 vs 48.1, 95% CT, 38.0-58.1:
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Fig. 1. Overall survival in palienis with and withoul brain melustases

(BM)

P =(.04). Figure | shows the Kaplan-Meicr survival curves
in patients with and without brain metastases

Discussion

In our study, patients with HER2-averexpressing breast
cancer had a high incidence of brain metastases (36.3%),
and this linding was compatible with those of previous
reports™" Clayton ¢t al." reported that 25% of patients
treated with trastuzumab  developed brain metastases.
Although several studies reported thal hormone negativily
was significantly associated with the development of brain
metastases," """ our study did not demonstrate any correla-
tion between hormone status and brain melastasis. Age and
liver metastases were significantly associated with brain
metastases. Younger patients with breast cancer usually
have more aggressive tumors. The association between liver
and brain mclastases suggests that large tumor burdens
contribute to the develupment ol hematogenous melastases
and supports the result in the present study that breast
cancer in half of the patients was refraclory 10 systemic
chemotherapy. Lai et al." also revealed that patient age
at diagnosis, liver metastases, and a positive lymph node
status at presentation were significant predictors of CNS
melasiases,

Paticnts with brain metastases had a shorter survival
period than those withoul brain metastases and the median
survival period from the diagnosis of brain metastases was
13.5 months. which was comparabie with data in previous
rcpm'lr\"" In our study, 51% of the patients with brain
metastases had maintained stable extracranial metastases al
the time of diagnosis of their brain metastases. This disso-
ciation arises from the fact that trastuzumab and cvtotoxic
agents cannol sufficiently penetrate the blood-brain barrier
to control brain melastases. Furthermore. although the
remaining 49% ol patients with brain metastases exhibited
progressive extracranial metastatic disease. three-fourths of
them had a general condition that allowed further systemic
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therapy, from which most of them benefited. Therefore,
although many brain metastases scem to appear later in the
climcal course in patients with breast cancer, extracranial
discase is $1ill more or less chemosensitive, and controlling
brain metastases has an important effect on prognosis

In owr siudy, HER2-uverexpressing breast  cancer
patients seemed to develop symplomatic brain melasiases
about onc and a half years after the diagnosis of recurrent
or metastatic breast cancer. leading to the question of
whether surveillance lor brain melastasis should be per-
formed, If surveillance is to be carried oot the candidate
population and timing of the surveillance should be inves-
tigated. To date. no cvidence suggesting the usefulness of
brain metastasis swveillance i patienis with breast cancer
his heen oblained. from (he viewpaints of hoth a survival
benefit and cost-effectiveness.’® Miller et al.” reported that
survival among paticnts with occult CNS metastasis was
similar to thal of patients with symplomatic CNS discase,
demonstrating that the earlier detection of brain metastases
had no benefit for survival.

Recently. antitumor drugs that appear to be cffective for
the treatment of brain metastases in breast cancer patients
have been developed. For example. lapatinib is an orally
active small molecule that inhibits the tyrosine kinases of
HER2 and cpidermal growth lactor receptor (EGFR) type
|. Lin et al." reported that among 38 patients with HER2-
overexpressing breast cancer, 2 patients (5%) achicved a
partial response and 8 patients had stable disease in the
CNS at 16 weeks in the lapatinib arm of a phase I study.
Optimal chemotherapy regimens for HER2-overespressing
breast cancer patients with brain metastuses must be exam-
ined. and whether a survival benefit exists when treatment
with drugs effective against brain metastases is imitiated
prior (o the development of symplomatic brain metasiases
in HERZ-overexpressing breast cancer patients should be
Investigated.

In conclusion, the breast cancer patients with HER2-
overexpression in this study had a high incidence of brain
melastases and o poor prognosis due o the appeardnce
of symptomatic brain metastases. Risk factors for brain
melastases were a younger age, recurrent discase, and liver
melastasces. We inlend to continue examining optimal che-
motherapy regimens [or patients with brain metastases and
the necessity of sereening for brain metastases in patients
who have the risk factors of vounger age (<50 years), recur-
rent discase, or liver metastases.
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CDS5 expression is potentially predictive of poor outcome
among biomarkers in patients with diffuse large B-cell
lymphoma receiving rituximab plus CHOP therapy
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Background: Several biomarkers indicating poor prognosis have been reassessed in patients receiving rituximab
combination chemotherapy for diffuse large B-cell lymphoma (DLBCL). However, few studies have investigated
outcome in relation 1o a combination of these blomarkers. In addition, no large-scale studies have reassessed the
outcome of patients with CD5-positive DLBCL ireated with rituximab.

Patients and methods: We conducted a retrospective study and investigated the predictive value of three
biomarkers—BCL2, germinal center (GC) phenotype and CDS—in 121 DLBCL patients treated with rituximab plus
cyclophosphamide, daxorubicin, vincristine and prednisone.

Results: CD5-positive patients showed significantly poorer event-free survival (EFS) and overall survival [OS) than
CDS-negative patients (2-year EFS, 18% versus 73%, P < 0.001; 2-year OS5, 45% versus 91%, P = 0.001). However,
no sgrificant difference in outcome according 1o BCL2 or GC phenotype was observed. Multivariate analysis revealed
that CDS expression was a significant prognostic factor for EFS [hazard ratio 14,2, 95% confidence interval (Cl) 4.7—
43.2] and OS (hazard ratio 20.3, 95% Cl 3.6-114.4),

Conclusions: CD5 expression was the only significant prognostic factor among the biomarkers examined in this
study. Further studies with larger numbers are warranted 1o confirm the prognostic significance of CDS expression for
patients with DLBCL receiving rituximab-containing chemotherapy.

Key words: biomarker, COS, diffuse large B-cell lymphoma, rituximab

introduction for prediction of outcome in patients with aggressive NHL [6],
: : Although the IPI is considered to be the most important
XS Sge Bioel Ir"?P!mm (DLBCL) is the most common prognostic factor for DLBCL, the five risk factors used for
subtype of non-Hodgkin's lymphoma (NHL) [1]. It shows an assessing it do not provide any information about biologic
aggressive clinical course and comprises a heterogeneous group features, To date, several biomarkers have been shown to

of lymphomas in terms of mt_)r{_:hulugy, il_nmunophmot‘fpc. predict the outcome and responsiveness of DLBCL ta therapy,
molscolar abl:n'r wality stid ‘_‘I'_““:‘! bd_m_"m' Alihough_ e Overexpression of BCL2 family proteins has also been shown to
L‘)fclophcsphlarrudc, doxorubicin, v[nmnlne and prednisone indicate resistance to chemotherapy both in vitro and in vive
(CHOFI'] regimen has been the mainstay of treatment for (7,:8), BOLS Sicaily prodéius ate. reportedly smotistéd with
aggressive lymphomas for several dccm?es (2}, a significantly a better prognosis, and patients with BCLG-positive DLBCL
eapraved Suicome ks L?u:n shtalasd in bou.‘ young and have a relatively favorable outcome when treated with the
elderly patients hy: combining the CHOP regimen with CHOP regimen [9). On the other hand, it has been reparted
rituximab (an anti-CD20 chimeric antibody) [3-5]. F that CD5-positive DLBCL has a very poor prognosis and high
In the era when CHOP was used alone, the International stege with more extranodal sites in comparison with CDS-
Prognostic Index (IPT) was the primary clinical tool employed s gmvz DLBCL [10, “l Nrkover an b buils ol the dita
ined using compl ary DNA (¢cDNA) microarray,
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B-cell-like (GCB) and activated B-cell like (ABC) [12]. The
ABC subtype is associated with a poorer prognosis than the

Annals of Oncology

treatment
Al patients received rituximab plus CHOP (RCHOP) chemotherapy. For
g with stage 1H-1V, ritaximaby was admini d at the standard dose

GCB subtype. It has been reported that the ir staining
patterns of CD10, BCL6 and MUM | are an alternative means of
identifying germinal center (GC) or non-GC DLBCL including
the ABC subtypes and that non-GC DLBCL shows poor
responsiveness to anthracycline-based regimens [13].

Recently, it has been recognized that addition of rituximab to
anthracycline-based regimens may aller the previously
identified prognostic factors, in view of the markedly improved
outcome of patients with DLBCL. The study from British
Colombia demonstrated that the 1Pl remained predictive, but
reclassified patients into three prognostic groups after
reassessing the five prognostic factors [14]. Moreover, several
studies have investigated whether these biomarkers predict
responsiveness to rituximab combination chemotherapy and
outcome. The prognosis of BCL2- or BCL6-overexpressing
DLBCL and GC phenotype has been reassessed in patients
receiving rituximab combination chemotherapy [15-17]. On
the other hand, no large-scale studies of CDS expression in the
rituximab era have been reported.

Although several studies analyzing the prognostic
significance of individual biomarkers have been carried out
since the introduction of rituximab, none have investigated
outcome by considering these biomarkers together, The aims of
the present study were to reassess the predictive values of these
hiomarkers at a single institution and to investigate which
factor among BCL2 expression, GC phenotype and CDS
expression has the greatest influence on the outcome of DLBCL
patients.

patients and methods

patient characteristics

In the present study, we revi i the lical records of pati with
CD20-positive DLBCL who received CHOP with or without rituximab as
a first-line therapy at the Cancer Institute Hospital from April 2004 to May
2007 and were followed until January 2008, The study protocol and

pling were approved by the Institutional Review Board of the Cancer
Institute Hospital. Informed for pective analysis and
dditional i ph ypi lysis and gene studies was

obtained.

Patients were analyzed if they were older than 18 years and had
a performance status (PS) of zero to three according to the criteris of the
European Cooperative Oncology Group. Patients were excluded if they had
clinically rel cardiac or positivity for smtibodies against

of 375 mg/m® once weekly for § weeks and CHOPF chemotherapy was
given concurrently triweekly, as described previously [18], CHOP
chematherapy was given for a lotal of six cycles. For patients with siage 1A,
CHOP chemotherapy was repeated for three cycles and rituximab was
continued in the same way as for patients with stages 181V, with
subsequent radiotherapy.

pathological studies
Biopsy samples collected at the time of diagnosis were fixed in formalin,
embtdﬁed in paraﬁin. sliced and stained with hematoxylin and eosin for
logical 1 histochemical analysis was carried out

ulln; the dmnn-po[rmn method (EnVision+; Dako, Glostup, Denmark)
using mAbs against CD10 (56C6, Novocasira, Newcastle-upon-Tyne, UK),
BCL6 (PG-Bop, Dako), MUM1 (MUMIp, Dako), BCL2 (124, Dako),
CD5 (4C7, Novocasiea) and cyclin D1 (P2D11F11, Novocastra) at our
institution. For all the antibodies, heat-induced antigen retrieval
pretreatment using Target Iltlrh:vnl Solution, pH. 9 (Dako) was d:nmn!. oul,
BCLS, MUMI and BCL2 were designated as p when the prop
of stained hrmphcrm (t'“l wis .‘.0% or higher. CD5 and CDI0 were

idered 1o be i 1 when at least a smal|
population of the neoplastic cells was pnsnwe To classify the samples into
immunohistochemically defined GC or non-GC phenotypes, we wsed an
algorithm previously described by Hans et al. [13).

For examination of CD5 expression, we reviewed the results of flow
cytometry analysis. Cases were defined as CD5 positive If CDS expression
wils ritm:t:d by flow cytometry, [rrespective af the result of CDS

istry. Excluded were those positive for cyclin D1 or those
with a history of chronic lymphocytic Iculmnmfsnull lymphocytic
lymphoma, Patients with a smali-cell component implying transformation
from low-g B-cell lymph were also excluded. All the
histopathology samples were reviewed by an expert hematopathologist
(KT). and flow cytometric analyses were reviewed by two of the authors
independently (DE and KT).
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statistical analysis

The main outcomes of this study were event-free survival (EFS) and overall
survival (OS). EFS was calculated from the date of diagnosis 1o the daie of
! | disease progr relapse or death from any cause or to
the date on which the study was stopped. OS was calculated from the date
of diagnosis until death from any cause or the last follow-up. If the stopping
date was not reached, the data were censored at the date of the last
follow-up evaluation, Survival curves were d by the Kaplan-Mei
method, and overall differences were compared by the log-rank test. Cox
multivariate analysis was carried out to estimate the prognostic impacts
of the biomarkers and 1P] risk factors on EFS and OS5, Comparisons of basic

human immunedeficiency virus-1 or -2, Patients with primary
large B-cell lymphoma, primary central nervous system lymphoma and
primary testicular lymphoma were also not included in this study.

The disease stage was evaluated according 1o the Ann Arbor staging
system. All patients had und staging | igati including
physical examinations, bload and serum analysis, bone marrow aspiration
and biup!'_r mcl mmpulfd tomography of the neck, chest, abdomen and
pelvis. Mag ging was used for evaluation of involved
organs in the head and nock The following clinical and laboratory dara
were available at the time of diagnosis: age, sex, serum lactate
dehydrogenase level, PS, presence of B symptoms, clinical stage and number
of extranodal sites. This information allowed IPI scores to be determined in
the included patients. Patients were categorized into either a low-risk
group (IP1 score, 0-2) or a high-risk group (1P score, 3-5).

2 | Ennishi et al.

charneteristics between the CD5-positive and -npegative groups were
tested by Fisher's exact test and Student’s f-test. Data were analyzed
using SPS5 software version 11,0 for Windows (SPSS, Chicago, IL)

results

patient characteristics

During the study period, 180 patients were included, and data
for all three biomarkers and flow cytometric analysis were
available for 121 patients, The characteristics of these patients
are listed in Table 1. CD5 was expressed in 11 of 121
patients with DLBCL (9%). None of the CD5-positive patients
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Table 1. Patient chatacteristics

Sex

Male 65 (54)

Female 56 (46)
Age

Median, range 66, 23-88

<60 37 (31)
260 B4 (69)

Stage

1-2 85 (70)

-4 36 (30)
Performance status

-1 104 (86)

-4 17 (14)
Lactate dehydrogenase

Normal 65 (54)

High 56 (46)
No. of extranodal sites

-1 95 (79)

2-4 26 (21)
International Prognostic
Index score

0-2 89 (74)

3-5 32 (26)
BCL2

Pusitive 79 (65)

Negative 42 (35)
GC phenotype

GC type 73 (60)

Non-GC type 48 (40)
CDs

Positive 11 (%)

Negative 110 (31)

GC, germinal center,

had a history of other lymphaproliferative disorders, and all
were found to have de novo CD5-positive DLBCL. OF these
11 patients, seven were positive by both flow cytometry and
immunohistochemistry and four were pasitive only by flow
cytometry. In all the seven cases defined as CD5 positive by
both methods, the lymphoma cells expressed less CD5 than
normal T cells in the background. Expression of BCL2 was
detected in 79 of 121 cases (65%). CD10 was expressed in
45 cases (37%), BCLS in 89 (66%) and MUMI in 55 (45%).
Overall, 48 of 121 cases (40%) were categorized into the
non-GC group. No significant difference in basic characteristics
was found between the 121 and 59 patients for whom all
biomarkers were and were not available, respectively. No
patients had central nervous system or testicular lesions.

survival analysis

The 2-year OS was 85% and EFS was 79% with a median
follow-up of 28 months. We compared the survival curves in
accordance with the expression of the three biomarkers. The
Kaplan-Meier method revealed that the EFS rates at 2 years
were 76% for BCL2-positive patients and 91% for BCL2-
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negative patients. The corresponding OS rates were 7% and
97%, respectively. Although both survival rates were inferior in
BCL2-pasitive patients, the differences did not reach statistical
significance (P = 0,080 and P = 0.060, respectively, log-rank
test). Similarly, the EFS and OS rates at 2 years were 70%
and 77%, respectively, for non-GC patients and 90% and 91%,
respectively, for GC patients, there being no significant
differences in these parameters between the two groups

(P =0.080 and P = 0.120, respectively). The IPI score at the
baseline did not differ significantly according to BCL2 or GC
phenotype. On the other hand, the differences in the EFS and
OS5 rates between CD5-positive and CD5-negative patients
were significant (EFS, 18% versus 73%, P < 0,001; OS, 45%
versus 91%, P = 0.001) (Figure 1A and B),

For comparison with the biomarkers, we compared the
survival curves according to the IP1. The EFS rates at 2 years
were 52% for high and high-intermediate IP] and 91% for low
and low-intermediate [PL. The OS rates were 64% and 92%
for the high and low 1PI groups, respectively. The differences in
the EFS and OS rates were significant (P = 0,001 and P = 0.010,
respectively) (Figure 1C and D),

The clinical and biological features in relation to CD5
expression are summarized in Table 2. Among the 11 patients
who were CD5 pasitive, the primary site was extranodal in five
(bone in two and intestine, thyroid and nasal cavity in one
case each). No patient had bone marrow involvement.
Significantly more CDS-positive than -negative patients had
a poor PS (P = 0,01). Although no other significant differences
were detected in the distributions of the other patient
characteristics, CD5-positive patients were more frequently
BCL2 positive (P = 0.095).

To [urther investigate the prognostic impact of CD5
expression, Cox multivariate analysis was carried out adjusted
for the [PI categorization. As shown in Table 3, CD5 expression
had significant prognostic value for both EFS (hazard ratio
14.2, 95% confidence interval (CI) 4.7-43.2; P < 0.001) and OS5
(hazard ratio 20.3, 95% CI 3.6-114.4; P = 0.001). The
prognostic significance of CD5 remained even after
adjustments by BCL2 expression or GC/non-GC categorization.

discussion

This analysis of biomarkers in 121 DLBCL patients receiving
RCHOP highlighted the potentially poor outcome of patients
with CD5-positive DLBCL. Multivariate analysis including the
IP1 revealed that CD5 expression and [Pl were independent
factors associated with poor prognosis. On the other hand,
significant differences in survival were not detected in relation
to BCL2 and immunchistochemically defined GC phenotype.
De nove CDS-positive DLBCL, a distinct subgroup that
accounts for 5%—10% of all DLBCL, has bern rzpnrted to be
associated with elderdy onset, female pr
involvement of extranodal sites and inf:nor survival [lD 11].
The largest study of CD5-pasitive DLBCL demonstrated
a 5-year survival rate of 34% for CD5-positive DLBCL treated
with an anthracycline-based regimen [11]. The Nordic
Lymphoma Study Group also demonstrated that CD5
expression was associated with significantly inferior OS5 and
failure-free survival [19], In contrast, other authors showed that

doi: 10. 1093/annonc/mdnio2 | 5
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poslllw.' (n = 11) versus negative (1 = 110) CD5 expression. EFS (C) meS{D) curves according to the IPI (0-2, n = 89 versus 3-5, n = 32),

Table 2. Patient characteristics in relation to CDS expression

Sex: male 6 (55) 59 (53} 1.0
Age: median, range 68, 33-76 66, 2348 027
1Pl score 3-5 4(36) 28 (25) 0.47
Stages NI-1V 4 (36) 32 (30) 0.74
Elevated LDH level 7 (64) 49 (44) 054
Maore than one 5 (45) 22 (20) 0.38
extranodal site

PS>l 5 (45) 12 (11) 0.013
BCL2 positive 10 (91) 69 (62) 0.095
Non-GC type 6 (55) 42 (38) 0.54

1Pl International Prognostic Index; LDH, lactate dehydrogenase; PS,
performance status; GC, germinal center.

CD5-positive DLBCL did not show distinctive clinical features
or inferior survival [20]. In the present study, patients who
received immunochemotherapy showed significantly poor OS
and EFS, whereas the factors comprising the [PI were similar
between the patients who were positive for CD5 and those who
were negative. We consider that this poor prognosis of CD5-

a | Ennishi et al.

positive DLBCL in the rituximab era is noteworthy and that
a large-scale study is warranted.

CDS5 is a 67-kDa transmembrane glycoprotein that is
expressed by most normal T cells and less brightly by a subset of
B cells known as Bl cells [21]. Reflecting this difference in
expression-level neoplastic CDS-positive B cells also usually
express less CDS. Therefore, even if successfully stained by
immunohistochemistry, these cells are usually stained less
strongly than normal background T cells with anti-CD5
antibody. In the authors’ experience, until the introduction of
antigen retrieval techniques and effective antibodies like mAb
4C7, it was very difficult to detect CD5-positive B cells
immunohistochemically on formalin-fixed paraffin-embedded
sections [22]. However, even since the introduction of these
techniques, CD5 immunohistochemistry using paraffin sections
still remains less sensitive than flow cytometry and frozen
section immunohistochemistry [23). In fact, in the present
study, only seven cases of DLBCL were positive for CDS by
immunohistochemistry out of 11 cases that were CD5 positive
by flow cytometry. In an attempt to overcome this lower
sensitivity of CDS immunohistochemistry for CD5-positive
DLBCL, de Jong et al. examined the usefulness of recently
developed immunohistochemical enhancement techniques
(Powervision; Immunovision Technologies, Duiven, The
Netherlands and ChemMate; Dako), However, although they
acquired higher sensitivity, there was also a loss of
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Tabie 3. Cox multivariate analysis for EFS and OS5

EFs
Cos Positive 142 47432 <0001
] 35 is a5-na <0001
05
s Positive 0.3 36-1144 0.001
3-5 10.5 1.9-56.8 0.006

HR, hazard ratio; Cl, confidence intervak EFS, event-free survival: 1P1,
International Prognostic Index; 08, averall survival,

reproducibility due to the unacceptable level of background
staining [24]. Taken together, CD5 is usually expressed weakly
by a subset of normal and neoplastic B cells, and CD5 paraffin
immunohistochemistry is less sensitive for these B cells. For
these reasons, we consider that flow cy ic analysis or
[rozen section immunohistochemistry needs to be carried out
for detection of CDS in DLBCL, Differences in the method of
CD5 detection might lead to differences among studies in the
apparent impact of CD5 on prognosis.

In addition to these differences in clinical aspects, there are
several lines of evidence for genetic differences between CDS-
positive and -negative DLBCL. Microarray studies have
suggested that integrin beta-1 in tumor cells and CD36 in
vascular endothelium are expressed more frequently in CD5.
positive than in CDS5-negative DLBCL [25]. Comparative
genomic hybridization studies have revealed that CD5-positive
DLBCL has a different pattern of chromosomal gain and loss
compared with CD5-negative DLBCL [20, 26). Loss of 921
(p16 INK4a), which is strongly associated with lymphoma
progression, has been observed more frequently in CD3-
positive DLBCL [27].

Previous studies also showed that 1PI values remained in
patients with DLBCL receiving immunochemotherapy {14-17].
In some studies, IP] category was divided into two risk
groups—Ilow or low intermediate and high or high
intermediate—and this remained a predictive tool in DLBCL
patients receiving immunochemotherapy [15-17]. Other
authors have reassessed the [P risk factors of DLBCL patients
treated with RCHOP and divided them into three distinct
prognostic groups referred 1o as R-IPI groups. Significant
differences were also demonstrated in the same cohort upon
division into two risk groups [14]. In the present study, [P
values were used to delineate two risk groups, and prognostic
values were retained, although we did not evaluate each of the
[P risk factors. A consensus will be required for accurate
handling of these risk factors in the rituximab era,

BCL2 overexpression was associnted with poorer survival in
the prerituximab era 17, B]. In contrast, several studies
conducted in the rituximab era demonstrated that addition of
rituximab to chemotherapy eliminated the prognostic
significance of BCL2 overexpression in DLBCL [15], However,
these studies did not reveal any data on the association between
CD5 expression and BCL2 overexpression. Moreover, in
previous studies of CD5-positive DLBCL, no association
between CD5 expression and BCL2 overexpression in patients
with DLBCL was demonstrated |10, 11]. The present study
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demonstrated that 10 of 11 CD3-positive patients had BC12
overexpression. The OS and EFS of BCLZ-positive, CD5-
negative patients were significantly superior to those of patients
positive for both BCL2 and CD5 (data not shown), suggesting
that the poorer survival trend of patients with BCL2
overexpression in the present series may have been influenced
by CDS5 expression. A large-scale analysis of BCL2 expression
in CD5-positive DLBCL will be needed to clarify the
association between expressions of BCL2 and CD5.

There have been several studies of the relationship between
CDS expression and GC/ABC phenotype [27-29). An analysis
of genomic imbalance showed that most cases of CDS-positive
DLBCL were included in the ABC type |27], and another
study of somatic mutations of the immunoglobulin heavy chain
variable region suggested that the cells from which CD5-
positive DLBCL arise are predominantly of post-GC origin
[28, 29|, These conclusions were based on molecular-based
analyses and not by immunohistochemistry. Our study found
no association between CDS expression and GC phenolype.
This may be because GC phenotype in the present study was
defined by an immunophenotypic algorithm, which
reproduced ~80% of the GC phenotype defined by cDNA
microarray [13]. A new algorithm using five types of
immunostaining—GCET 1, MUMI, CD10, BCL6 and
FOXP1—has been introduced recently and provided an
improved GC/ABC subclassification [30). Application of this
approach to our series might lead to a consistent result.

In conclusion, we have investigated the outcome of DLBCL
patients receiving rituximab combination ch herapy by
considering several biomarkers together and demonstrated that
CD5 expression is a potentially useful indicator of poor
prognosis. To accurately confirm whether CD5 expression
influences the outcome of patients receiving RCHOP, further
large-scale and prospective studies of CDS-positive patients will
be required.
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Chronic obstructive pulmonary disease and interstitial lung
disease in patients with lung cancer
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ABSTRACT

Background and objective; Although lung cancer is
[requently accompanied by COPD and interstitial lung
disease (ILD], the precise coincidence of these diseases
with lung cancer is not well understood. The ohjectives
of this study were to determine the prevalence of
abnormal CT and spirometric findings suggestive of
COPDor ILD in a population of patients with untreated
lung cancer, and to estimate the lung cancer risk in this
population.
Methods: The study population consisted of 256
patients with untreated lung cancer and 947 subjects
pmldpuljng ina CT nm:eninx programme for lung
":fw attenuation
area [Uuu fibrosis nnd pwnd glass atlenuation
(GGA) on CT was performed by scoring. Gender- and
age-matched subpopulations, with stratification by
smoking status, were compared using the Mantel-
Haenszel projection method.
was excellent for
Pooled

Results: Inter-observer col
LAA, but not as good for fibrosis or GGA scores.

odds ratios for lung cancer risk using LAA, fibrosis, GGA
scores and reduced FEV,/FVC and %VC were 3,63, 5.10,
2.71, 7.17 and 4.73, respectively (P <0.0001 for all
parameters). Multivariate regression analyses con-
firmed these results.

Conglusion: Abnormal CT and spirometric param-
eters suggestive of COPD and ILD were strong risk
factors for lung cancer, even after adjusting for gender,
age and smoking status,

Key words: COPD, interstitial lung disease, lung cancer,
radiology, tobacco.
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SUMMARY AT A GLANCE

The aim of this study was to determine the fre-
guency of abnormal spirometric and CT findings
in lung cancer patients, and whether COPD and
interstitial lung disease comorbidily was solely
due to smoking. Increased lung cancer risk was
assoclated with airflow limitation and abnormal
CT findings after controlling for age, gender and
smoking status.

INTRODUCTION

Tobacco is the most significant common risk factor
for lung cancer and COPD.'* and possibly also for
interstitial lung disease (ILD),** resulting in a high
prevalence of comorbidity for these discases.”* In
lung cancer complicated by COPD and/or ILD, the
use of standard lung cancer therapy is sumetimes not
possible due to reduced pulmonary function and the
risk of fatal adverse events with chemotherapeutic
agents' or thoracic irradiation.™
Despite the clinical significance, only a few prospec-
tive studies have evaluated the prevalence of COPD
among lung cancer patients,” although there have
been muny retrospective evaluations of thie requen-
cies of COPD™ "™ and ILD*"" among patienis with lung
cancer. Most studies have been based on a clinical
diagnosis of COPD or ILD, with the exception being
that of Niho er al.,"" which evaluated ILD on the basis
of CT findings. Irl the present case-control study. the
frequencies of COPD and LD, as assessed by CT find-
ings and spirometry, were determined in a population
of consecutive paticnts with previously untreated
primary lung cancer, The results were compared with
those from a control population, consisting of con-
secutive subjects who participated in a CT lung cancer
screening programme
Rospirology (2000) =, s
doi: 10,1111/, 1440-1843.2008.01477 ¢




2
METHODS
Study design and subjects

This was a case-control study 10 determine the
prevalence of COPD and ILD in patients with lung
cancer compared with healthy control subjecis, The
study populntion consisted of two groups: patients
with untreated lung cancer (lung cancer group)
and control individuals who had participated in o
CT sereening Emgnmmc for lung cancer {control
group). For the lung cancer group, consceutive
patients with a definitive diagnosis of untreated
primary lung cancer, admitted to the Departments of
Respirolugy and Thoracic Surgery, Chiba University,
during the period 15 June 2005 to 15 June 2007, were
cnrolled. For the control group, all participants in the
lung cancer screening programme at Makuhari
Clinic, Kameda General ngmu during the period 1
October 2002 to 30 Sept 2003 were enrolled.
Subjects proven to have lung cancer through the
screening programime were excluded. Subjects with n
history of thoracic surgery or known bronchisl
asthma were excluded from both groups. There was
no communication between the two groups. All sub-
jects gave written informed consent and the study
was approved by the institutional review boards of the
Graduate School of Medicine, Chiba University and
Makuhari Clinic, Kameda General Hospital.

CT examination and spirometry

The technical parameters lor C1 examination without
conirast-medium enhancement were 1.375 ol beam
pitch, 1.25 mm of collimation and reconstruction
slice thickness, 120 kV and 110 mA using a 16-row
multi-detector spiral CT (Light Speed, GE Healthcare,
Milwaukee, W1, USA) for the lung cancer group, and
1.375 of beam pitch, 2.0 mm of collimation and
reconstruction thickness, 120 kV and 50 mA using a
d-row multi-detector spiral CT (Aquilion, Tosh
Tokyo, Japan) for the control group. All CT and
splrometry assessments in the lung cancer group
were performed prior (o any cancer treatment,

Review and evaluation of CT images

Semi-quantitative evaluations of low attenuation area
(LAA) [or COPD, and librosis and ground glass atlenu-
ation (GGA) for ILD were performed using the scoring
methods proposed by Goddard ef al.' and Kazerooni
et al.,'" respectively. Briefly, CT images in three slices,
al the upper edge of the aortic arch, the bifurcation of
the trachea and 1 cm beyond the upper edge of the
right hemi-diaphragm, were reviewed at 1000 and
=700 Hounsfield Units (HU) of window width and
level. respeciively, for scoring LAA. The score con-
sisted of five grades according to the extent of LAA in
cach slice: no LAA in the slice, grade 0; LAA < 25% of
the slice field, grade 1; LAA 25-50%, grade 2; LAA
5U-75%, grade 3; and LAA > 75%, grade 4. The wal
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score was calculated by summing all slice scores for
the three slices and scoring the right and left sides
separately, resulting in total scores ranging from
010 24,

The scoring methods for (fibrosis and GGA were
similar to that for LAA, with some variations, The
images were reviewed al 1300 and =500 HU of
window width and level, respectively, in the three
slices at the same level as for LAA. The scores for fibro-
sis and GGA consisted of six grades. In the lbrosis
score, grade 0 represented no fibrosis in the slice,
grade 1 indicated interlobular thickening without
honeycombing, grades 2, 3, 4 and 5 indicated areas
of honeycombing extending over <25%, 25-50%,
50-75% and > 75% of the slice, respectively. In the
GGA score, grade 0 represented no GGA in the slice.
grades 1, 2, 3, 4 and 5 indicated areas of GGA extend-
ing over < 5%, 5-25%, 25-50%, 50-75% and > 75% ol
the slice, respectively. Therefore, the total scores for
fibrosis and GGA ranged from 0 to 30.

Although the original method of Kazerooni et al,'
assigned a score for cach pulmonary lobe by estimat-
ing the score according to the slice level, in the
present study, the (oial score according o slice level
(modilied method) and the total score according 10
the lobe, as originally proposed, were documented.
All CT images were independently reviewed by four
investigators (S.M., YT, A.FE and K.M.). The reviewers
were not blind to the study groups because of the
different CT parameters used, The mean of the total
scares, as assessed by the four reviewers, was taken to
represent the score for each individual.

Statistical methods

The statistical significance of differences in the fre-
quencies ol COPD and ILD between the iwo groups
wis determined by the chi-square test. The signifi-
cance of differences in age and pack-years of smoking
were determined by the Mann-Whitney test. To
evaluate the inter-observer validity of CT score find-
ings, the intra-class correlation coefficient was used.
Spearman'’s correlation cocfficient was used to evalu-
ate the correlation between parameters. For gender-
and age-matched comparisons of the lung cancer and
control groups, two corresponding subpopulations
were randomly extracted, one from cach group, at a
L3 ratio, maiching gender in each 10-year age cal-
egory. The resuliing pairs ol subgroups were stratified
into three smoking status categories: current-smoker,
ex-smoker and never smoker. Odds ratios for each
category were calculated using 2 x2 contingency
table analyses. Finally, odds ratios for lung cancer risk
based on each CT parameter and on spirometric data
were calculated using the Mantel-Haenszel projec-
tion method that allows data from several groups o
be combined while avoiding confounding. Multivari-
ate regression analyses were also perfonmed lor vari-
ibles that were shown o be statistically significant
risk factors lor lung cancer by univariae analyses on
the total population, and gender- and age-matched
subpopulations, Differences with a two-tailed P-value
<0.05 were regarded as statistically significant. All

© 2009 The Authors
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Table 1 Demographic and clinical ct
control groups

istics, sp

y and CT findings for subjects in the lung cancer and

Control

Number enrolled M7
Numbar avsluated by spiromatry 813
Gender (M : F T8:229
Maedian age [range) 56 (22-83)
Smoking status

Current smoker (%) 320 (32.9)

Ex-smoker (%) 104 {11.0

Never smoker (%) 522 (85.1)

Unknown (%) 110.1)

Pack-yeors {median, range) 19.2 {0~36.8)

Smoker with = 20 pack-years 360 {39.0)
Histological type of lung cancer

Sm:Ad:Sq:La: Owh' —
c-Stage {1z 10z 10 : W) -
FEVFVC < T0% 4.2% (34/813)
FEVWFVC (mean = SD) B0B = 6B
VC < 80% 2.2% (18/813)
%VC Imean = SD) 110.8 = 16.1
LAA score = 1 17.1% (162/947)
LAA score (mean + SD) 08 =21
Fibrosis score = 1 4.2% (40/947)
Fibrosis score (mean = SD) 0.2=z05
GGA score 1 6.9% (66/947)
GGA score (mean * SD) 0.2 = 0.6

Group
Lung cancer Pvalue
256 -—
245 -
182:74 0.124'
68 (24-84) 6.2 x 10%
1.4 x 107
94 (36.7)
106 (41.4)
58 (21.5)
1(0.7)
43.3 (2.6-56.3) 6.8 x 107
171 (68.4) 1=
23:158:49:9:17 —
109:13:60:74 =
38.4% (94/245) 6.6x 107"
i1 =122 8.5 10"
16.7% (41/245) a9 xi0™
98.2 = 18.7 1.8x100™
58.2% (149/266) 1.7 % 10
K2=54 3.0x 1041
31.6% (81/256) 2.7 x10°™
1.0+18 5.2 10"
28.9% (74/256) 1.2x 107"
0814 3.8x 10"

' 8m, small cell carcinoma; Ad, adenccarcinoma; Sq, squamous cell carcinoma: La, large cell carcinoma; Oth, others.

' chi-square test.
' Mann-Whitney test.

¢-Stage, clinical stage of lung cancer; LAA, low attenuation area; GGA, ground glass attenuation.

analyses, including random sampling to generate
gender- and age-maltched subpopulations, were per-
formed using SPSS version 12.0] (SPSS, Chicago, IL.,
LISA).

RESULTS
Subject characteristics

During the defined periods, 256 patients with lung
cancer and 947 control subjects were enrolled in the
two study groups. Spirometry was performed in 245 of
the 256 patients and in 813 of the 347 control subjects.
The characteristics of the subjects are summarized in
Table 1.

Inter-observer variability of LAA, GGA and
fibrosis scores

Inter-observer variability among the four reviewers
for the LAA score, as assessed by the intra-class cor-
relation coefficient, was 0.918 (95% confidence inter-
vl (C): 0.911-0.925). Both the total score according
ta slice level (modified Kazerooni method) and the
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vriginal Kazervoni score, in which scores are wialled
according to lobe, were recorded. Intra-class correla-
tion coefficients for fibrosis were 0,681 (95% CI: 0,658~
0.703) and 0.694 (95% CI: 0.672-0.718) by the ariginal
and modified Kazerooni methods, respectively. Intra-
class correlation coefficients for GGA were 0.446 (95%
Cl: 0.416-0.476) and 0.453 (95% CI: 0.424-0.483) by
the original and modified Kazerooni methods,
respectively. The original and modified Kazerooni
methods were strongly correlated, with Spearman’s
r-values of 0.989 (P <0.0001) for fibrosis and 0.973
(P < 0.0001) lor GGA. Because of this strong correlu-
tion, the lower inter-observer variability and the
simplicity of the modified Kazerooni method,
scaring based on this modified method was used in
the further evaluations that were performed in the
present study.

Prevalence of abnormal spirometric and
CT findings

Abnormal  spirometric  data  (FEVi/FVC < 70%,
VC < 80%) and CT findings (LAA score = 1, librosis
score = 1, GGA scare = 1) are summarized in Table 1.
Age and tobacco consumption were significanily
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ever-smoker ﬁlz'ﬁzmm.;; % ] Lo
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il Figure 1 Prevalence of spiromet-
VC < 80% 1.7% . ric and CT abnormalities, accord-
ever-smoker  Brzzzrzzzzra (o 40 ] 224107 ing to smoking status, in the lung
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S 0759 ver-smokers include current and
nan-smioker E'“w‘ =1 ax k For every par s
Fibrosis score 2 1 the lung cancer group had a sig-
cversmoker TR e, 39 ] 1ox107  nificantly higher prevalence than
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non-smoler Emmld.i‘:. 1w smoking status, with the excep-
GGA =1 tion that the prevalence of low
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P = e 1 in non-smokers was similar
ARG %H'ﬂ' ]z ; between the lung cancer and
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higher in the lung cancer group than in the control
group. The prevalence of abnormal spirometric data
and CT lindings was significantly higher in the lung
cancer group than in the control group (Fig. 1), The
prevalence of abnormal spirometric data and CT find-
ings, in both smoker and non-smoker subpopula-
tions, was higher in the lung cancer group than in the
control group, except for LAA = | in non-smokers,
where it was comparable between the two groups.

Risk factors for lung

Gender- and age-matched subpopulations, with
stratification by smoking status, were compared using
the Mantel-Haenszel projection method, because the
lung cancer group contained significantly higher pro-
portions of smokers and older individuals than the
control group. The characteristics of the sampled sub-
populations are presented in Table 2, There was no
intra-stratification difference in smoking index, as
assessed by pack-years, between the lung cancer and
control groups. The caleulnted power of the sample
sizies was > 0.95 (or each parameter in the wual, and
gender- and age-matched subpopulations. The odds
ratios for lung cancer according to smoking status
and the pooled odds ratios for each parameter of the
spirometric and CT lindings are presented in Figure 2,
All the five [actors analysed were significant risk
fuctors for lung cancer, independent of gender, age
and smoking status. Among them, FEV,/FVC < 70%
had the highest pooled odds ratio for lung cancer
(7.17; 95% Cl: 4.03-12.74),

A similar comparison was performed between
patients with earlier stage (clinical stages | and 1) and
later stage (clinical stages 11 and V) lung cancer,
Again, gender- and age-matched subpopulations
(n =93 [or each subpupulation) were compared using
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cantrol groups. GGA,
glass attenuation.

2 around
Incidence (%)

the Mantel-Huenszel test, with stratification [for
smoking status. VC < 80% was identified as a signili-
cant risk factor for advanced stage lung cancer, witha
pooled odds ratio of 2.60 (95% CI: 1.11-6.08). None of
the other factors was identified as a risk factor for
advanced stage discase, with pooled odds ratios of
1.22 (95% CI: 0.66-2.55) for FEV,/FVC < 70%, 1.35
(0.64-2.83) for LAA score =1, 1.12 (0.60-2.10) for
fibrosis score =1 and 1.18 (0.63-2.22) for GGA
score = 1.

Multivariate regression analyses for the total popu-
lation produced similar results, and identified the
independent risk factors for lung cancer as older age
(odds ratio 1.10; 95% CI: 1.08-1.13; P=05.4 > 10,
smoking history (3.50; 2.31-5.29; P = 2.8 x 10%), FEV,/
FVC < 70% (5.02; 3.01-8.38; P=6.8 x 10", VC < 80%
(5.70; 2.74=11.81; P=3.0x% 10", fibrosis score =1
(3.52; 1.94-6.37; P=34x» 10" and GGA score =1
(1.83; 1.04-3.25; P=0.038). Multivariate analyses
for the gender- and age-matched subpopulations
revealed that the independent risk factors for lung
cancer were smoking history (odds ratio 2.98; 95% CI:
1.76-5.07; P=5.2 x 107), FEV\/FVC < 70% (4.93; 2,70~
8.98 P=19x10"), VC<80% (3.88; 1.66-9.08;
P=0.0018), |AA score = | (1.73; 1.02-2.94; P =10.042)
and fibrosis score = 1 (3.75: 1.99-7.05; P=4.1 x 107,

DISCUSSION

In the present study, the CT findings in terms of LAA,
fibrosis and GGA, and spirometric data were evalu-
ated in 256 (245 for spirometry) patients with pre-
viously untreated lung cancer and in 947 (813 for
spirometry) control subjects who participated ina CT
screening programme for lung cancer, The presence
ol LAA and/or air-flow limitation is not directly
related (o delinitive diagnosis ol COPD, although the

B 2008 The Authors
dournal compilation © 2009 Asian Pacific Socisty of Respirology



JOBNAME: No Job Name PAGE: 5§ SESS: 21 OUTPUT: Mon Dec 22 14:00:03 2008
2451 blackwellfjoumals/res_vO_i0/res_1477

COPD and ILD accompanied by lung cancer 5
Table 2 Charactaristics of in the der- and age d su
Subgroup
Control Lung cancer Pvalue
Number 423 141
Number evaluated by spirometry 423 141
Gender (M :F) iz 102 107 :34
Median age (range) 62 (22-719) 63 (24-78)
Smoking status
Ovarall median pack-years (range) 0.0 (0.0-40.0) 42,0 (5.0-53.1) 1.6 x 107
Current smokar
Numbar (%) 122 (28.8) 57 (40.4)
Madian pack-years (range) 45,5 (7-132) 49.5 (10-118) 0.264"
Ex-smoker
Number (%) 46 110.9) 55 (39.0)
Median pack-years (rangel 425 {8-182) 43.0 {0,2-230) 0.360*
Never smoker
Number (%} 2565 (60.3) 29 (20.8)
Histological type of lung cancer
Sm:Ad:Sq:La:Oth' - 15:91:21:6:9
c-Stage {11z 02 1V) — 41:11:36:43
FEVWFVC < 7T0% 5.7% 39.7% 1.1 ¢ 17
FEVWFVC (mean = S5D) 8T x12 72.0= 115 7.3 x 10
VC < 80% 3% 14.2% 26x10%
%VC (mean + SD) 108.0 = 165 100.2 = 17,6 23x10°%
LAA score = 1 18.4% 56.3% 23xw0™
LAA score (mean = 5D) 08x23 &1=52 T4x10™
Fibrosis score = 1 5.9% 20.1% 1.2x 10"
Fibrosis score (mean - S0) 0.2 = 0.6 0.8 = 1.5 13100
GGA score = 1 9.0% 2.71% 1.9 < 1009
GGA score (mean + 5D) 03+08 0611 4.7 x 107"
' §m, small cell i ; Ad, ad cinoma; Sq, sq cell carcinoma; La, large cell carcinoma; Oth, others.

' Mann-Whitney tost.
' chi-square test,

c-Stage, clinical stage of lung cancer; LAA, low attenuation ares; GGA, ground glass attenuation,

presence of LAA is strongly suggestive of destruction
of alveolar structure and pulmonary emphysema. In
addition, the presence of GGA and/or fibrosis most
likely indicates common forms of ILD such as IPF or
non-specific interstitial pneumonia, because these
features are observed in patients with otherwise non-
specific clinical manifestations, namely the absence
of acute symptoms, lymphadenopathy, concomitant
callagen vascular diseases, known occupational expa-
sure o hazardous dust or other special conditions.
The lung cancer group had a higher prevalence of
abnormal CT findings and abnormal spirometric data
than the control group, both among smokers and
non-smokers, with the exception of the LAA score in
non-smokers. As the lung cancer group had a higher
proportion of smokers and consisted of older indi-
viduals than the control group, these observations are
very likely to be biased. To minimize potential bias,
gender- and age-matched subpopulations of the two
groups were compared by the Mantel-Haenszel pro-
jection method with stratilication for smoking status.
n facy, the number of pack-years smoked by the lung
cancer and control groups according (o smoking
status, that is, currenl and ex-smokers, was very

© 2008 The Authors
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similar, suggesting efficient exclusion of the intra-
stratification imbalance with smoking status. The
results showed that all five factors, LAA score = 1,
fibrosis score = I, GGA score = 1, FEV,/EVC < 70%
and VC < B80%, were risk factors for lung cancer.
Multivariate analyses also produced similar results
with slight variations.

The potential shortcomings of this study should be
noted. To minimize radiation cxposure in healthy
individuals who participated in the CT screening
programme, the technical parameters for CT in the
control group were different from those in the lung
cancer group, Low-dose CT may lead to underestima-
tion of CT findings, especially LAA. The concordance
of the CT findings with the spirometric data, however,
seems to support the validity of the CT findings.
Second, abnormal spirometric data might be the
consequence of impaired pulmonary function due
to lung cancer, This possibility is supported by the
observation that the prevalence of VO < 80% was sig-
nificantly higher in the subpopulation with advanced
lung cancer (stages [T and TV) than in that with earlier
stage lung cancer (stages | and I1). As the prevalence
of FEV\/TVC < 70% was, however, similar in the two
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