nol associated with prolonged survival. Previous stu-
dies have shown an approximately 3 times higher
incidence of EGFR muations in Bast Asians than in
Caucasiang./2-121047.0828.26-30 - pigi{_nositive  resulls
do not appear Lo contribute significantly to the res-
ponsc Lo gefitinib or to survival in populations with
high percentages of EGFR mutations.

The incidence of 1858R in our study seemed
low compared with the incidence of exon 19 deletion.
Previous studics have demonstraled that the inci-
dence of deletion mutations in exon 19 is ahmost the
same as the incidence of point mutalions in exon
21 /A-I2IRIZI2L230 pocause the direct scquencing
method usually was used to detect EGFR mutations, it
is unlikely that the low Irequency of the LB58R muta-
tion was caused by assay-related, false-negative find-
ings. Our results of the incidence of TS8R mutation
and exon 19 deletion muations may also produce
some distortion with regard to the analysis of gene
copy numbers because the number of patients with
high gene copy numbers has been observed 1o be
higher in those with deletion mutations in exon 19
than with peint mutations in exon 21. Further analy-
ses in much larger groups of patients will be necessary
to clarify the frequency of the 2 most common
mutations.

Takano e¢f al. demonstrated an association be-
tween increased EGFR copy numbers measured by
guantitative PCR (qPPCR) and bolh higher a response
rate and longer TTP! Dziadziuszko et al. reported
that EGFR messenger RNA {mRNA) expression in (-
mor samples measured by qPCR was a predictive bio-
marker for response to gefitinib and longer progression-
free survival. Those invesligators also demonstrated
that EGFR mRNA expression measured by qPCR was
correlated significandy with FISH-positive results.> Tt
is possible thal gPCR may enable us o make a more
reliable distinction between specific and nonspecific
amplification of the EGFR gene.'* We plan to compare
EGFR gene copy numbers in corresponding samples
measured with gPCR 1o confirm our results. We classi-
fied all patients into a FISI-positive group and a
FISH-negative group according to the scoring system
published by Cappuzzo et al. EGFR gene copy num-
bers also may vary according to ethnicity, similar lo
the differences in EGFR mutation frequency. The deli-
nition of FISH-positive results may need 10 be modi-
fied to use it as a predictor of gefilinib clficacy in
Japanese patients with NSCLC.

In conclusion, the results of the current study sug-
gest Lhat the presence of EGFR mutations detected in
biopsy specimens is an independent and significant
predictor of response o gefitinib and survival in Japa-
nese palients with advanced NSCLC. However, (he
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role of EGFR gene anplification was not identified as
a predictor of gefitinib cfficacy in Japanese patients.
Precise measurements are needed, and the validity of
the classification must he confinned in a prospective
study.
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The multi-disciplinary approach, including surgery, chemotherapy, endocrine therapy and
radiation therapy, has become the standard treatment for primary breast cancer patients. The
indication of pre-operative chemotherapy has been extended to women with potentially oper-
able breast cancer based on the resuits of large randomized studies and has become an
attractive option that extends the chance of breast conservation. The clinical and pathological
responses to pre-operative chemotherapy correlates with long-term outcome. The anthracy-
cline-containing regimen is now considered the standard. Sequential administration of non-
cross-resistant drugs, namely taxanes, improves local tumor response but its long-term
benefit has been controversial. Prediction of response to pre-operative chemotherapy still
remains a challenge. Identification of useful predictive markers and development of moiecu-

lar-targeted drugs is the key to individualized therapy in the future,

Kevwrards: pre-operative chemotherapy - hreast cancer - advantage — response — long-term

owdcoine — prediction

INTRODUCTION

The multi-disciplinary approach, including surgery,
chemotherapy, cndocrine therapy and radiation therapy, has
beecome the standard tecatment for primary breast cancer
patients with a high risk of recurrence. Although mortality

from breast cancer is decreasing in western countries thanks

mainly to carly detection of the discase by mammography
screening and wide usage of post-operative adjuvant sys-
temic therapy (1), its incidence and mortality are steadily
inereasing in the rest of the world, including Japan (2).
When- it first emerged in late 1970s, the usce of pre-
operative (primary) chemotherapy had been primarily
hmited to women with inoperable locally advanced breast
cancer to cnable optimal local therapy {3--3). Later on, large
randomized trials proved that pre-operative chemotherapy

has at lcast the same survival bencefit as the post-operative,

chemotherapy (6), and its indication has been extended to
women with poteatially operable breast cancer.

However, with long-term survivors increasing by systemic
therapy in carly breast cancer, the “survivorship® or import-
ance of quality of life afier primary therapy has recently

For reprints and all corvespondence: Yasuhiro Fujiwara, Division of Breast
and Medicat Oncology, National Cancer Center Hospatal, 5-1-1 Taukiji.
Chuo-ku, Tokyo 104-0045, Japan. E-mail: viujiwmignee.gojp
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come into the limelight. Whether an attempl at breast conser-
vation can be made at the time of definitive surgery is one
of the important issues discussed among patients and phys-
icians. Pre-operative chemotherapy is an altractive option for
those who have large tumors but a strong interest in breast
CONSCIving surgery.

in this review. we describe available evidence and discuss
current coutroversies and future prospects of pre-operative
chemotherapy, taking account of its (wo major clinical roles;
eradication of micrometastatis and increased chance of breast
conservation.

RATIONALE OF PRE-OPERATIVE
CHEMOTHLERAPY

Biologic rationale for pre-operative adjuvant chemotherapy
was derived from the pre-clinical studies in animal models.
1t had been known that growth kinetics of metastatic tumors
change after surgical removal of the primary lesion (7). The
greatest effect of chemotherapy was observed when it was
administered prior o operation (8, 91 These observations ed
to a hypothesis that carly systemic chemotherapy prior (o
surgery might further reduce the risk of metastasis.

The landmark trial in a clinical setting was the National
Surgicatl Adjuvant Breast and Bowel Project (NSABP)

£ 2007 Foundation for Promotion of Cancer Rescarch



B-18 trial, which showed pre-operative chemotherapy for
operable breast cancer by doxorubicin 60 mg/m? and cyclo-
phosphamide 600 mg/m* (AC) was at least as effective as
post-operative  adjuvant chemotherapy with the same
regimen in terms of discase-free and overall survival (10).
The results were consistent over a fonger follow-up period
(6) and the result of another targe randomized wial con-
ducted in Europe was also confirmatory (11). A recent
meta-analysis of pre-operative and post-operative chemother-
apy {party including T4 discase) indicated that pre-operative
chemaotherapy was cquivalent 1o post-operative therapy in
terms of survival and discase progression (12).

Thus the available chinical data has not demonstrated a
convincing difference in long-term outcome as hypothesized
in pre-clinical studies. However, a higher proportion of
women were able to undergo breast conservation surgery. In
addition, because the extent of chinical and pathological
responses to pre-operative chemotherapy correlates with sur-
vival (10), improved tumor response in this setting is
expected (o improve the overall outcome.

ADVANTAGE OF PRE-OPERATIVE
CHEMOTHERAPY

The advantage of pre-operative therapy is that one can sub-
jectively evaluate the response to systemic therapy i vive,
Both clinical and pathological responses have been associ-
ated with prolonged discase-free and overall survival (6, 8)
and they arc used as the primary endpoint in clinical trials.
Unlike post-operative adjuvant chemotherapy, one can avoid
or minimize the unnecessary oxicities from cyvtotoxic agents
by changing treatment strategy when the twmor is not
responding (0 a certain regimen.

Pre-operative chemotherapy is an attractive option {or
women who wish to reduce the extent of local surgery.
Clinical trials provide evidences that 28—89% of women can
undergo breast conserving surgery when they might not be
otherwise qualified (12).

Because breasts ave located on the body surface, one can
casily obtain the tumor cells or tissue by cither fine needle
aspiration ot core needle biopsy with minimal invasions. As
onc can also cvaluate the response to systemic therapy in a
subjective manncer and because patients are usually chemo-
therapy naive, a pre-operative setling can be an ideal in vivo
laboratory for biomarker studies using tumor specimens,

DISADVANTAGE OF PRE-OPERATIVE
CHEMOTHERAPY

The overall responsce rate of pre-operative chemotherapy is
73% on average (range 49-—100%), whereas Fewer than 5%
of the patients with opcrable breast cancer progress during
pre-operative chemotherapy and some more do not even
show major responses (13). For such patients with pro-
gression. the delay of focal treatment may be of disadvantage

Pre-operative chemaotherapy jor swomen with operable breast cancer

at least in terms of local control. Pre-operative chemotherapy
is also associated with significantly increased risk of
laco-regional disease recurrence (12).

Another potential disadvantage of pre-operative che-
motherapy is the loss of intal histological information such
as tumor size, nodal status and biologic markers., According
to the current guidelines, application of post-operative che-
motherapy is to be decided by weighing the bascline risk,
endocrine responsiveness and estimated risk reduction and
harm of the treatment (14). Risk of recurrence is estimated
based on the clinical and pathologicat information obtained
from surgical specimens. In a pre~operative setling the infor-
mation on tumor size and nodal status will inevitably be
imprecise and intra-tumor heterogeneity of bistologic type,
histologic grade and biomarker expression cannot be taken
into account. [t may potentially put paticnts into danger of
over- or under-treatment. Currently. cove-needle biopsy is
mandatory prior 1o pre-operative chemotherapy to obtain as
much  pre-treatment  histopathological  information
possible.

as

TREATMENT REGIMENS

Using clinieal or pathological responses as swrogate end-
points of overall survival, optimal systemic therapics have
been investigated (n pre-operative settings in patients with
carly breast cancer. The general consensus reached is that an
anthracycline-containing doublet (doxorubicin or epitubicin

_with cyclophosphamide) or triplet (doxorubicin or epirubicin
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with cyclophosphamide and S-(luorouracil) should be used
as the initial chemotherapy serategy for pre-operative che-
motherapy (15, 16).

The sequential use of non-cross-resistant agents is likely
to augment the response of pre-operative chemotherapy (17,
18), among which taxancs are the most investigated drug.
Overall, results of randomized trials indicate that the incor-
poration of taxane increases the rate of pathological com-
plete response (pCR) by 6--16% compared to anthracveling/
cyclophosphamide-based vegimens (19, 20). Smith et al. van-
domized patients who achicved clinical responsce to the initial
four cycles of cyclophosphamide/vincristin/doxorubicin/
predonisone (CVAP) therapy o receive further four cycles of
CVAPD or four cycles of docetaxel {(Aberdeen wial) (21). The
sequential use of docetaxel resudted in enhanced clinical and
pathotogical responses even in anthracycline-sensitive
tumors, In NSABP-B27 wial, the addition of four cycles of
docetaxel after pre-operative AC increased the clinical com-
plete response rate (40% versus 03%), clinical overall
response rate (86% versus 91%) and the pCR rate (14%
versus 20%) compared with pre-operative AC therapy alone
(20). However, the addition of taxanc in pre-operative or
post-opcrative seuing afler AC did not improve the long-term
outcomce in this trial (22}

Treatments incorporating molecular-targeting drugs are of
interest. Trastuzumab is effective for patients with advanced



breast cancer over expressing HER2 (23). In adjuvant set-
tings, at least one vear of trastuzumab given sequentially or
concomitantly with chemotherapy significantly improves
discasc~iree and overall survival {24, 25). Morcover a short
coursc (9 weeks) of trastuzumab administered concomilantly
with docetaxcl or vinorelbine scems to be cffective in
HTER 2-positive subsel of patients in adjuvant settings (26).

For pre-operative scttings, there are a limited number of
phase 1T studies reporting the use of trastuzumab (23, 27.
28). The only randomized trial reported was by Buzdar
¢t al., who compared ncoadjuvant chemotherapy for
HER2-positive. operable breast cancer with or without
administration of trastuzumab (29). This study was closed by
the recommendation of Data and Salety Monitoring Board
of the institution according to carly-stopping rule, because
pCR rate, the primary endpoint, was strikingly superior in
the chemotherapy plus  trastuzumab  arm (given
simuitancously for 24 weceks) compared with  the
chemotherapy-alone arm (65% versus 26%, p = 0.016). We
stilf need to confirm if this significamt difference in patho-
logical response will be translated into prolonged overall sur-
vival by fong-term follow-up and also the cardiac safety of
trastuzumab in combination with chemotherapy should be
assessed.

CONTROVERSIES OVER PRE-OPERATIVE
CHEMOTHERAPY

Evaruarnion oF Resintal Tosor rore Orrivac SURGERY

Optimal imaging modality has not been established to defi-
nitely localize the remaining tumor. Usually, serial imaging
studies are performed before and after pre-operative che-
motherapy. Magnetic resonance imaging or compulterized-
tomography scanning may supplement conventional breast
imaging studics by mammography and ulirasonography
(30-13).

The use of functional imaging techniques such as
fluorine-18 fluorodexyglucose positron cmission Lomography
(['"F]-FDG PET) is of interest for the evaluation of thera-
peutic response o systemic therapy in breast cancer. The
change in ["YF]-FDG uptake reficets the alteration in cellular
alveolysis. Some relatively small studies reported that
["*F1-EDG PET afier a single pulse of chemotherapy pre-
dicted pCR ov minimal residual discase with a sensitivity of
85 100% and a specificity of 74-85% (34--36). FDG-PET
is promising for clinical application in future 1o detect non-
responding tumor (o avoid unnecessary toxicities from cyto-
toxic therapy.

Feasminey oF Sentiel Lvapu-Nope Biopsy (SNB) N
PATiENTS TREATED WITH PRE-OPERATIVE CHENIOTHERAPY
Axillary staging by SNB may allow omission of axillary dis-

section in sentinel-node negative patients without compro-
mising the long-term outcome (37). However the optimal
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timing and feasibility of SNB in the setting of pre-operative
chemolherapy have not been established.

tdentification rate of SNB following pre-operative che-
motherapy arc seported to be 84--93% and 78--93%, in
single-institution series and multi-center studies (38).
respectively. High falsc-negative rates up (o 25—-33% have
heen reported for several small single institution studies (39,
40). but in multi-institutional studics using radiocolloid with
or without blue dye. falsc-negative rates range between 3
and 13% (38), which arc similar to thosc observed when it
was cairied out before systemic chemotherapy.

There still remain concerns about the use of SNB follow-
ing chemotherapy in patients with clinically positive axilla
(41). SNB atier chemotherapy possesses a potential to maxi-
mize the benefit of axiltary downstaging by pre-operative
systemic treatment. in other words, avoidance of compli-
cations related to axillary dissection and decision-making of
adding further chemotherapy.

ALTERATION OF BIoLoGICAL MARKERS

The changes in the expression of hormone receptors and
HER2 protein during pre-operative chemotherapy may influ-
enee the clinical decision ol adjuvant hormonal and lraswzu-
mab therapy. In studies using immunohistochemisery. the
administration of pre-operative chemothicrapy did not alter
the expression patterns of HER2 and hormone receptors
(42--43).

However. a study was conducted to compare gene
expression profile of pre-treatment biopsy specimens with
those in twmors remaining alter doxorubicin-containing pre-
operative chemotherapy using DNA array. There were differ-
ences in the gene expression profife in tumors thar showed a
response, but nol in (umors that did not respond to therapy
(46). Biological and clinical implications of the change of
gene expression profile in responding tumors need further
clucidation.

DEENTON 0F PATHOLOGIC AL RESPONSE

Primary systemic trcatment is increasingly rccognized as the
best model for the quick development of new treatment strat-
cgics in carly breast cancer. pCR after pre-operative che-
motherapy has been chosen as the primary endpoint of
clinical trials, because it is validated as the surrogate marker
of improved outcome (47, 48). However, diverse definitions
of pathological response are used by different investigators
(10, 47, 49-33). Some of these grading systems allow
inclusion of residual ductal cancinoma in site (DCIS)
without invasive component in the definition of pCR.
However, there is no confirmatory data 10 justify the concept
that there is no difference in prognosis between patients with
no invasive or in situ discasc and those with residual DCIS.
Joues et al. investigated whether the prognosis for patients
with residual DCIS is the same as that for patients with vo
residual tumor cells, but could not demonstrate significant



prognostic difference (54). However, this study was statisti-
cally underpowered to draw any conclusions.

Tdeally. response to chemotherapy should be measured as
a continuous variable. No system satisfies the need of accu-
rare pathologic cvaluation for the majority of patients who
achieve partial or minor response (o pre-operative che-
motherapy. Rajan et al. proposed that the product of residual
tumor size and cellularity might be a more clinically rclevant
indicator of tumor response than assessing wmor size alone
(55). Though if is an interesting proposal, the method needs
o be validated in correlation with loag-term outcome.

OuTCOME AFTER PRE-OPERATIVE CHEMOTHERAPY AND SURGERY

Several studies have attempted to find more accurate predic-
tors for survival after pre-operative chemotherapy than pCR
in the primary twmor. This is because substantial risk of sys-
temic recurrence still remains even if pCR is achieved,
whereas substantial patients have excellent prognosis even if
PCR is not achieved. If the long-term risk is high, they will
be the candidates for clinical trials to determine whether
additional aggressive therapy will be of benefiv. 1 a good
prognosis 15 expected even without good response to pre-
operative therapy. aggressive chemotherapy might be over-
treatment in pre-operative setting.

In the report of retrospective studies from Royal Marsden
Hospital and M. D. Anderson Cancer Center, pathologically
negative axillary lymph nodes after pre-operative chemother-
apy. not pCR in the primary tumor. remained the indepen-
dent prognostic factor for discase-free survival and overall
survival in multivariate analysis adjusted for other prognostic
factors {36--38).

Tt was yevealed by a retrospective multivariate analysis of
the clinicopathological factors of the 226 patients who had
pCR after pre-operative chemotherapy that pre-operative
clinical stage 11113, IC, and inflammatory breast cancer,
axillary lymph nodes more than 10, and pre-menopausal
status were the independent prognostic factors of distant
metastasis {59). In another study. only histological grading
had an independent prognostic impact on discase-free and
overall survival afler adjustment for pCR o pre-operative
chemotherapy containing doxorubicin (60). Carey ct al.
found that American Joint Commitiee on Cancer
Tumor-Node-Metastasis staging after pre-operative chemo-
therapy was uscful in prediction of distant discase-free
survival and overall survival (61).

Rouzier ct al. constructed nomograms combining clinical
variables associated with pCR that might accurately predict
pCR and distant disease-free survival (62). This was con-
firmed in an independent dataset within the study, The
nomogram included size of residual tumor and the number
of metastatic nodes at the time of surgery. histologic grade,
estrogen receptor (ER) status and histologic type. On the
other hand, biologic markers such as expression of HER2
(63), EGFR (64). p33 (65) or MDRI1 gene (66) in tumor
specimen before pre-operative chemotherapy, reduction of
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expression in topoisomerase H-w (70) or MLHL (71) after
pre-operative chemotherapy are suggested to predict long-
term outcome. Although ir is not known whether these
markers would add to or replace the nomogram, develop-
ment of more accurate and comprehensive tools for predic-
tion of prognosis is awaited.

Premcrion oF RESPONSE TO PRE-OPERATIVE CHEMOTRERALY

The pre-operative setting is ideal 10 explore molecular
predictors of response to therapy. Various clinical and
pathologic variables bave been studicd. Among them. ER
status. histologic grade and smaller cumor size seem 1o be
associated with the response to pre-operative chematherapy
(47. 69).

In previous retrospective studies. clinical and pathological
responses Lo pre-operative chemotherapy appear to be lower
in invasive lobular carcinoma (ILC) as compared to invasive
ductal carcinoma (IDC). and patients with 1LC were more
fikely to receive mastectomy after initial attempt for breast
conservation (70--73). However, low pCR rates in [LC have
not been translated ioto survival disadvantage (70--72).
These data suggest that different approach should be taken in
the clinical management of paticuts with 11.C.

In a biomarker study, ER expression, absence of HER?
and a decrease in Kio7 correlated with good clinical
responses subsequent to a pre-operative chemoendocrine
therapy (74). Among other biomarkers, biel-2 and p33 have
been studicd. bet-2 has been shown to protect ¢clls from
apoptosis induced by chemotherapeutic drugs (75). Although
high expression of bel-2 has been hypothesized 10 play a
role in resistance to chemotherapy, it is still controversial. In
one study, higher bel-2 expression at diagnosis was predic-
tive of pCR in univariate analysis but it did not retain its
impact in multivariate analysis (76), whilce other studices did
not find any corcelation between bel-2 expression and the
response (77, 78).

P53 s also a potennial predictive marker. Active p33 pro-
motes apoptosis in growth-arrested cells whercas loss of pS3
function has been reported to enhance cetlular resistance to
various chemotherapeutics (79). In a clinical setting, in
patients treated with single agent epirubicin, mutant p33 was
a significant predictor for poor clinical responsce, but the
association was weaker in patients treated with cyclophosp-
mide/methotrexate /SFU with or without tamoxifen (63).
Another study demonstrated that a tumor expressing wild-
type p33 was rclated to resistance to single agent doxorubi-
cin therapy in multivariate analysis (80). 7733 gcne
mutation and over expression of p33 were celated o
epirubicin-containing chemotherapy. but response to pacli-
taxcl scemed 1o be refated 1o p33-negative tumors (81).

Tumor response and toxicities arc different among indi-
vidual paticnts. Pharmacogenomic studies aim 1o clucidate
the genctic bases for inter-individual differences and to
enable individualization of care. DNA microarray is one of
the modern high-throughput biotechnologies that allow



researchers to analyze expression of multiple genes in
concert and relate the findings fo clinical parameters. in
breast cancer, several groups have reported preliminary
results suggesting that the gene expression profile of the
primary tumor may predict the tumor’s responsc to pre-
operative chemotherapy (82--86). Onc major limitation of
microarray studies is overfitting of the predictior: the number
of mRNA transcripts far excced the pumber of samples (87.
88). The accuracy of the predictive maodel is low in indepen-
dent data sct {89). More rigorous and critical cvidence is
necessary before multi-gene predictors can be accepied as a
usclul and rehable wol in clinical practice.

PrE-0pERATIVE EXNDOCRING THERAPY

The vrelative benefit of chemotherapy is  less in
endocrine-responsive disease as compared with endocrine
non-responsive discase (1) and recent consensus of the clini-
cal community lays emphasis on the endocrine responsive-
ness in decision-making of adjuvant systemic therapy (14).
Pre-operative endocrine therapy is an atractive alternative
for endocrinc-responsive discase, because it is casy (o
perform -and can also avoid acute and late side effects
causcd by cytotoxic chemotherapy, but pre-operauve endo-
crine therapy has not been aceepled as the standard therapy
because of the slow rale of response (903, We need more
accurate measures to select the patients who are most likely
10 respond to endoerine therapy without compromising the
potential benehit of chemotherapy.

ArpLacarion 1o MotecCLar-Tararred Tuerary

Motccular-targeted drugs are anticipated to individualize the
therapeutic strategy based on the biology of the tamor. To
date, the presence of a target still does not satisfactorily
guarantee @ response to therapy. but cfforts are being made
to clucidate the key componcents of the molecular pathways
targeted by a specific agent.

Maoashin ct al. reported a pre-operative study of trastuzu-
mab as a single agent in HER2-positive tocally advanced
breast cancer {(91). They administered trastuzumab as a
single agent for the first 3 weeks, followed by a combination
of trastuzumab and docelaxel. Of note. partial response was
ohserved in eight among 35 patients after only 3 weeks of
trastuzumab. The accompanying biomarker study suggested
that the main mechanism of action of trastuzumab is inhi-
bition of the PI3K/ Akt pathwayv, which results in an increasc
of apoptosis (79). The clinical role of single-agent trastuzu-
mab in HER2-positive tumors has not been determined. but
it is atractive if we can select the responders to trastuzumab
as this is usually less toxic than cytotoxic chemotherapy.

A report by Polychroms ot al. is untque in respect
of resting the efficacy of combination of targeted therapy
based on biology-derived hypothesis (92). 1t was a double-
blind placebo controlled phase 11 randomize wial of
pre-operative gefitinib versus gefitinib versus anastrozole in
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post-meunopausal patients with ER- and EGFR-positive
primary breast cancer. The tumors of patients assigned to
combination therapy had a greater reduction of Ki67 tabeling
index than those assigned to gefinitib alone. Although the
number of patients in this study was so small that we do not
vet know whether reduction in proliferation will be translated
into clinical benefit, we foresee a future of individualized
therapy.

FUTURE DIRECTIONS

Pre-operative chemotherapy has becomie the standard of carce
in management of primary breast cancer. However, we
should be aware that a subslantial portion of patients may be
over-treated by pre-operative chemotherapy because of inac-
curale pre-treagment staging. In NSABP-B27 swudy, addition
of docetaxel was beneficial in terms of discase-{ree survival
not in complete responders or non-responders but only o
partial responders in a subsct analysis according to clinical
response after AC. Who needs additional systemic thevapy?
Who can avoid systemic therapy?

Development of endocrine therapy and trastuzumab has
opened the door o 1mportant therapeutic advance of
‘molecular-targeted therapy'. Transcriptional profiling has
revealed that expression levels of these targets. i.e. ER and
HER2, are the major genetic determinants of the biology of
the discase (93). Thus, we can foresee the future of systemic
therapy mdividualized with endocrine respousiveness and
involvement of HER2 signaling pathway. However, to date,
the predictive value of screening test for motecular targets
remains unsatisfactory.

Identification of clinicalty useful, prognostic and predic-
tive molecular markers is highly anticipated o optimize
therapeutic regimens, The current probability-basced thera-
peutic strategy, “cmpiric trcatment’ $o to speak. might give
way to biology-based. individualized strategy. ‘marker-based
treatment’, when additional biologic markers are identified
that make “targeted therapy’ more targeted and effective.
Pharmacogenomic researches that accompany pre-operative
therapy might help better understand the biology of breast
cancer and thus promote the development of new therapeutic
strategies.
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SLEEP MEDICINE

Naoko Kawata, MD; Koichire Tatsunti, MD, FCCP; [iro Terada, MD;
Yuji Tada, MID: Noluhiro Tanabe, MD. FCCP; Yuichi Takiguchi, MD. FCCP:
and Takayuki Kuriyama. MD. FCCP

Background: The pathogenesis of daytime hypercapnia (Paco, = 453 mm 11g) may be dircetly
linked to the existence of ohstructive sleep apnea syndrome (OSAS) per se, although only some
patients with OSAS exhibit davtime hypercapnia,

Objective: To invesligate the prevalence of daylime hypercapnia in patients with OSAS; the
association of dﬂylime ]1)-‘percapniu and ()besi[}', obstructive airflow limitation, restrictive lung
impairment, and severily of sleep apnea; and the respouse to continuous positive airway pressure
(CPAP) therapy in a subsct of subjects.

Methods: The study involved 1,227 patients with 08AS who visited a sleep clinic and were
examined using polysomnography. As for the vesponse to CPAP therapy, the paticuts were
considered good responders if their daytime Paco, deercased 2 5 mm Hg and poor responders
if it decreased < 5 mm Hg.

Results: Fourteen percent (168 of 1,227 palients) exhibited daytime hypercapnia. These patients had
significantly higher hody mass index (BMI) and apnea-hypopnea index (AUHY) values compared with -
normocapnic patients, while percentage of predicted vital capacity (%VC) and FEV/FVC rvatio did
not differ between the two groups. Logistic regression analysis showed that only AT was a predictor
of daytime hypercapnia (p < 0.0001), while BMI (p = 0.031) und %VC (p = 0.062) were borderline
predictors of daylite hiypercapnia. Daytime hypercapniz was corrected in some patients (31%, 19 of
37 patients) with severe 0SAS after 3 months of CPAP therapy.

Conclusion: The pathogenesis of daytime hypercapnia may be direetly linked to sleep apnea in a
subgroup of patients with OSAS. (CHEST 2007; 132:1832-1838)

Kcy words: continnous p(\si(i\'(‘ ;xin\':ly pressure; h}'p(‘l'(‘:lp!ii;l: ll}'ly()\.-(iyz(il;x(inn; ol sty sl(-(‘»p apnea

Abbreviations: ATIT = apuca-ivpopnea index: BMI = hody nass index: CPAP = continnons positive ainvay pressire:
FEV % = FEVATNVC ralion OSA = abstrnctive sleep apnea; OSAS = obstructive steep apnea syndome; OTTS = obesily
hypovertilation sndrome: PLA-C0, = abveolararlerial oxveen pressure: difference; $a0, - artevial ovvgen sabadion:

GNC = pereentage of pr(‘di ed vital CapActy

bstructive sleep apnea (OSA) is characterized by

intermittent closure of the pharyngeal airway
during sleep, resulting in episodic hypoxemia and
sleep disruption. To date, no single pathophysiologic
mechanism has been identified. Tt is possible that the
cause of OSA s multifactorial. Some patients with
OSA syndrome (OSAS] exhibit davtime hypercapnia.
The provalence of davtinue hypereapnia in these
patients varies from 11 to 43% according to previous
reports. =3 Mechanical inpairment of the respiratory
system due to obesity™S and COPD3 are known
causes of davtime hvpercapnia in patients with
OSAS. 1tis generally accepted that there is no direct

1832

association of OSAS with hwpercapnia.” However, in
these patients daytime Paco, may be an end product
ol complex factors including severity of sleep apnea:
obesity; davtime Pao,: chemosensitivity; respiratory

For editorial comment see page 1729

mechanies. including chronic airflow limitation: re-
spiratory muscle strength: metabolic rate; davtime
svmptoms of sleepiness; endocrine modulation; cardiac
fimction: face, nose, and cranial bouy structure {ceph-
alometry); and others. Thus, daytime hypercapnia may
exist without obesity and/or airflow linitation.
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The hvpothesis of the present study was that the
levels of daytime Paco, in patients with OSAS are
partly influenced by the degree of OSAS, as ex-
pressed by the apnea- h)popnut index (AHI ). Since
continuous positive airway pressure (CPAP) therapy
can reverse CO, retention in some patients with
hypercapnic OSAS,® the pathogenesis of daytime
hypercapnia may be directly linked to the existence
of OSAS per se, although only some patients with
OSAS exhibit davtime hypercapnia.

The prevalence of OSAS in Asian countries has
recently been reported®=''; however, no such epide-
miologic studies have been performed i Japan.
Obesity appears to be a common and important risk
factor for sleep-disordered breathing in previous
studies done in Western countries. However, the
evaluation of daytime hypercapnia in patients with
OSAS has been limited in Asian countries.!2 Ethnic
differences between Asian and Western populations
might influence the pathogenesis of OSAS, which
mIUht limit the relevance of this study. I)ut at the
same time emphasize the lieterogencity of OSAS.
Therelore, the aim of the present study was first to
assess the prevalence of daytime hypercapnia in a
large group of patients who visited a sleep clinic;
then to evaluate a possible association between
davtime hypercapnia and obesity, obstructive airflow
limitation, restrictive lung impainment, and severity
of sleep apnea; and finally to examine the response to
CPAP therapy in a subgroup of patients.

MATERIALS AND METHODS

Subjects

The subjects of this study were 17 conscentive paticnts with
clinical symptoms of sleep apnea who sought treatment from
Jannary 2002 to Decomber 2005 and were examined  using
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pohsomnography. The patients were reemited from the sleep
clinic where they bad been referred for further mvestigation
regarding snoring or possible OSAS. Presenting svmptoms were
cither snoring or daytime sleepiness or both. The subjects were
all Japanese,

Patients who exhibited Chevne-Stokes breathing with central
sleep apnea ' = 4). those receiving cardiac drugs (digjtalis and
B-blockers} due 1o heart failwre ‘n = 7) and patients \\1(h restrictive
discases such as kyphoscoliosis (4 = 2) and diffuse interstitiad fibrosis
(= 2)were excluded from this study. OSAS was establishied on the
hasis of clinical and polvsonmographic eriteria. AHT was caleulated
as the sum of sleep-disordered breathing events. In addition to
clinical symptoms, an AHT > 5 events per hour was also used as a
selection criterion of OSAS. The paticnts tn = 1.399) were distrib-
uted into two groups according to AT (AHT = 5/, u = 1.227: Alll
< 5/M, n = 172). Patients with hypercapnic OSAS who satisfied the
criteria of ohesity hypoventilation ssudrome (OHS) were incladed in
this study if’ their body mass index (BMI) was = 30 kg/ii®, which
indicated obesity.

Puhnonary linetion tests were performed to determine vitad
capacity. FEV,, and FVC using a standard spirometer (Fudac-60;
Fukuda Denshi; Tokyo. Japan). Arterial blood was dvawn with the
paticnt resting in the supine position between 9:00 Ay and
10:00 anmt the morming after the sleep study to measure Pao, and
Paco, during room air breathing in a blood gas analvzer (Maodel
ABLS55: Radiomcter; Tokvo, Japan). The supine position was
selected when arterial blood was abtained because polvsomuog-
raphy was started with the patient in that position. Hypercapnia
was defined as Pacoy, 245 wan Hg, and normocapuia was
defined as Paco, <45 mum Hg. The ideal alveolar gas equation
was used to caleulate alveolar Po, so that the alveolar-arterial
oxvgen pressure dilference (P[A-a]O) conld be caleulated. The
stucly protocol was approved by the Rescarch Ethics Committee
of Chiba University School of Medicine, and all patients gave
their informed consent prior to the stady.

25:

Polysommograply

Overnight polysomnography (P Series or £ Series Polvgrapher:
Compumedices: Melbourne. Aunstralia) was performied between
9:00 ex and 6G:00 aM. Polvsomuography consisted of continuons
polygraphic recording from surface leads for EEG; electrooen-
lography: electromyography: ECG: thermistors for nasal and oral
airflow; thoracic and abdominal impedance belts {or respiratory
elfort: pulse oximetry for oxvhemoglobin level: tracheal micro-
phone for snoring: and sensor for the position during sleep.
Respiratory events were basically scored according to American
Academy of Sleep Medicine criteria: apnea was defined as
complete cessation of airflow lsting = 10 s; hvpopnea was
defined as a4 = 50% reduction of airflow from baseline for 10's
that was associated with an OXYYCi desaturation > 3% or an
arousal. Polysomnograms were staged mannally according to
standard criteria. !} v Severity of ()S:\S was determined base (l on
the AHIL and lowest and average values of wrterial oxygen
saturation ($a0,) during sleep.

CPAP Treatnunt

Arterial blood gas analysis was re-cvalnated 3 months afller the
initiation of CPAP the ml)\'(/\u(oS(( ResMed: Sydney. Australia),
The subjects were couseentive h)p(ﬂg.\pﬂlC OSAS patients
in =59} exanined using pnlysm’ml()gmphy from ]zmn:uy to
December 2005 with AHT values > 4/, Thirtv-seven patients
could tolerate CPAP treatment and were suceessiully treated for
3 months with CPAP. CPAP tolerance was considered adeguate
when the system counter indicated that the patient was using the
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device for at east 4 hat night doring at least 70% ol the follow-ap
nights. Nomadhevenee to CPAP therapy was obsenved in 18
paticnts.

Statistical Nualysis

The results are expressed as smean = SEL AR clinical parame-
ters are snnumarized by deseriptive statisties. The Mann-Whitney
U7 test was used to covipare age. BN pulmolun fanctions. amd
sl P Pparaacters between hm groups of paticis, i’mpmhons
were compared using the x? iest. Linear regression analvsis was
periormed (o exwning the association between two paramcters.,
The paticnts were distributed into five traonps ace :orcing to BMI

18351025 l\v/m _ 25! )(H\ﬂ/m" A0 to 35 ke/ /m. 35 to 40 kﬂ/m
el = 40 l\ﬂ/m i percentage of predicted \1(41 capacity TAVE
{70%. 70 o §0%. SO to 90%. 90 (o 100%, and > 100%:]:
FEV/EVC ndio (FEV, % {5 60%. 60 1o 70% . 70 ta S0%. S0 (()
Q0% . and = 90% fand AT (3 10 154 13 (0 304 30 1o 457, -

to 60k amd = 600 Groups 1 to 4 were defined 1((mdmu (o
ATH levels. Vevels of BMT were classified aceording to W okl
Health Organization eriteria, ™ Anahesis of variance was used to
compare levels among the groups., This was followed by a post
fioe Bonferrani nmlhpl( -compagismt lost.

Logistic regression
amadysis was applicd to predict davtine Tapercapnia nsing the
cadegory clagsification of BMI GVC, FEV % and AHT as
p()h‘nlnl predictors. AHT was a paramcter for lh( degree of steep
apnea. BMI for obesity, 2VC Tor obesitv-related impairsent of
lnug function, and FEV 5 for obstructive tmpairment of lung
fanction: pyadues < 6.03 were considered statistically smmlx(.\n(

RESULTS
Paticids Wil OSAS vy Withowt OSAS

The male to lemale ratio in patients with OSAS
was approximately 8, while it was Am)m\nndl( dy 3
in non-0OSAS l)(lh(’lll’s {p < 0.0 test). Mean
age was higher in the OSAS lrl(mp FEV, % and
Pd(), values were lower, while BMI and 1’( -a)0,

values were higher in the OSAS group. Paco,
values w cre not \tdhs(l(d”\ dilfferent hetween two
groups {Table 1).

Table 1—Characteristics of Patients With OSAS
vs Without O8SAS*

100

Number
of subjects
n S o~ x
o © O O

(o]

40 55

PGC02 {mmHa)

Fraure . Distribution of i sadicots according to Paco,. Open and
closed bar show patients without and with h\pm( api. respectively.

Patients With Hypercapmia us Normocapnia

Fourteen percent (168 of 1,227 patients) ol those
with OSAS showed daytime hypercapnia {Paco,
2 43 mm Hg) [Fig 1. Fourteen percent ol men and
8% of women (no significant dilference in gender)
exhibited davtime hypercapnia. %VC was slightly
lower in hypercapnic patients compared with norno-
capnic pationts, while FEV % was similar hetween
the two groups. Pao, was significantly lower in
hypercapnic patients. PIA-)O, values were shilar
hetween the two gronps. BMI and AT were signif-
icantly higher in li(\j]:)(,‘l'('upni(: patients (Table 2).

Predictive Factors for Daytime Hypercapnia

Age and gender distribution differed between the
OSAS group and the non-OSAS gronp (Table 1)
However, no gender difference in Paco, levels was
ohserved in cither gronp. In addition, no significant

Table 2—Characteristics of Patients With Hypercapnia
vs Normocapnia®

AHY AHI Pac:y, < 45 num - Paco, = 45 mm

Variables 250yt < 5A e 172 p Value Variables Pl i = 1059} Hain — 168} p Valne
AenAvomen, No. 109171 130742 <2 0.01 MenAvonien, No. 0357124 156/12 NS
Age.yr 9.9 < 0.mM Age.yr NS
ENC 1060.7 + 05 NS AN <05
FEN, % 0. FENV/IFVC, % NS
Pao,. mm Hg = <2 0.0 Pao,. i Ty < 0.61
Paco, mm g 113 £ 00 NS Paco, mm g <2 0.01
PiA-ai0),. mm He 111 =07 <00 P{A=aiO,. nun Mg NS
AL eventgh 0 < L0 AL evemgh < 0.0
Lowest Sa0,. 9% T4H 103 ) J < (L0 Lowest S0, % < 0.01
Average S‘x(h : 9509 £ 0.2 ‘)() 3241 < (.01 Average Sacr,. % 915 2 0.2 -2 0.01
BAMIL I\g m® 286 0.2 25.0 % 0. <001 BAMI, kg/im® 252 % < 0.0

“Data are
NS = not siguificant,

presemied as mean 2 8F andess otherwise indiceated.

1834

#Data are presented as mean & SE wless otherwise indicated. See

Tuble b ior expansion ol abbreviation.
1
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81 Normocapnia

300 25.2%
75% O Hypercopnia
2501 g9u =
0
'5 5 200
2.9
£ a9 150
53 3
Z \]
S 100
50
4]
Group I IT III v v
515 15-30 30~45 45~60 60~
AHTI (events / k)

Freere 2. Prevalence of dd avtime ]1\]\( veapnia in patienis with
OSAS dlsm}mlv(l according 1o ATH,

correlation was observed between age and Paco,
levels in patients with OSAS.

l']}f']_)()‘((izl'vizl (Pa0,) is a predictive factor for day-
tune ]I}’]_)(?I'(,‘.il])lli;l whoen alveolar h)-’p()\-‘(‘lnl'i];'lti(m 18
the main canse of hypercapnia. Tn the present
population, alveolar Po, was a definite predictive
lactor for hypereapnia beeause PA-a)0, values were
similar in the two g ()ups Therefore. the predictive
values of BMI, VE V%, %#NVC and/or AHT (or
davtitme h\pmmpm.l \\(u examined.  Univariate
dxm]\slx showed that Paco, significantly correlated
withe AL, BMI, and %VC. while l)d((), did not
correlate with FEV,%. The prevalence of daytime
hyvpercapnia differed according to BMI, ’/(\ ( and
AT {Fig 2) but not d((()}(hll"’ to FEM The
logistic regression analvsis for prediction nf (1 1\lnn(‘
]1\1)(1(.1;)1111 showed that only AHI values were
predictors for the pu(\ml((‘ of (h\hmo perCapNia,
\\lnl(‘ BMIand %VC were borderline pl('(]l({ms and
FEV, % was not a predictor (Table 3}

Table 3—Univariate Analysis of Paco, Values and
Multivariate Analysis of Potential Predictors of
Daytime Hypercapnia (Paco, = 45 mm Hg)*

Univariate Maltivariate

Relative Risk

Varmbles sValee p Vadue p Vadue 5% T}
AT, eventsrh 021 < 00001 << 0.0001
Sin 15 1.00
13 to 30 2 {1 340-1-1.01;
30 to 15 | l i I 14,08 '3377}
43 to 60 1.
> 60 16.26 3,64~ I(w 4)
016 < 0.0001 0.031
~0.06 0.03 0.062
0.0:3 038

0.555

=Gl = confidence intenval,

www.chestjourmnal.org

Becanse ondy ATLT values were predictive for the
presence of d.n time hypercapnia, anthropometric,
blood gas. and sleep stud\ data were analvzed in
patients with OSAS distribnted according to AN
(Table 4). Paco, in group 3 was the highest
{p < 0.03} among the five groups. Paco, in group 4
was significantly hwhu than that in group 1 {Fig 3).
BMLU in group 5 was the highest (p < 0.03) among
the five groups. BMI in group 4 was sngmhumﬂ\'
{p < 0.05} higher than that in groups I and H, and
BMI in group 3 was swmh( antly {p < 0.05} higher
than that in group 1 (Ifig 4).

n the present stu(l\’ we used Jogistic regression
amalysis to predict daytime  hypercapnia. Henwever.,
when we used mulhplv regression analvsis, the results
were similar to those ()])lam(‘d using AU as the only
statisticallv significant variable to pr(.(h(.t h_\j_)(.r(_,q)nm.

Responses of Paco, (o CPAP Therapy

Based on the response of Paco, to CPAP therapy,
patients - were distributed  into - good r‘(‘%‘p(m(‘](‘m
(1 =19} showing a (1( crease of Pac 0a by 3 i Hn
poor wspond(‘ls = 18} showing a decrease of <
Hg after 3 m(mst on CPAP therapy; dn(]
nonadherents (n = 18} [Table 3], Sex distribution.
age, pulmonary function (VG FEN %), arterial
l)()()(l gas anahvses (Paos, Paco,), and AT did not
differ signific antly between lr()()d and poor respond-
ers. BMT was lower in good respondoers than in poor
responders. The d(‘(n(\v of sleep desaturation was
more severe i poor responders: than in good ve-
sponders. BMT decreased  significantly  after 3
months of CPAP thevapy in (fm)(] and poor respond-
ers (p < 0.03). Nonadhere nls to CPAP therapy were
older, not obese, and had wilder degree of hvper-
capuia and sleep apuea (Table 3).

g

Drisc

STON

The present study showed that 13.7% (168 of
1.227 patients) ol a yelative Targe group of patients
with OSAS examined using po]\snmnom(tph\ had
daytime hypercapuia. Patients with daytime hyper-
capnia had significantly higher BMI and AIL, and
lower Pao, and GG \dlu( s compared with normo-
capuic patients, while FEV, % did not differ hetween
the two gronps. Logistic regression analysis showed
that only AHT was a predictor of daytime hyvpercap-
N, d]tlmuvh this index was not independent of BMT
Obesity plull\' contribated to the presence of day-
time h\p( reapnia in owr patients, suggesting that
BMI acts as a modifier. In some |)dtwnts \Vith OS: AS,
davtime hypercapnia respounded to CPAT thevapy for
3 months. These data suggest that the pathogenesis
of davtime hypercapnia might be directly tinked to
OSAS per se in a subset of paticuts with OSAS.
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Table 4—Anthropometric, Blood Gas, and Sleep Study Data of OSAS Patients Distributed According to AHI*

Group 1, AiTI (,mup 2, Alll

Group 3, Al Gronp 4, AlTT Group 5, AHI

=510 < 15/ =15 to < 30/Mh = 30 to < 43/ =45 to < 6/h = 60/h
Variables {n = 222) {n = 268) {n=221) (n=218) (n = 298)

MenAvomen, No. 184/38 229/39 207/14 204/14 267/31
Age, v 50.6 =09 30.8 £ 08 316 =08 0.9 £ 09 46.6 £ 0.71%
aNC, % 1074 = 1.1 106.6 £ 1.1 1074212 106.0 = 1.3 1017 2 1.0t
FEN, %, % 83504 827+ 04 S1.9% 0.4 $2.6 £ 0.4 83.1 =03
Pao,. i Hy 56.2 = 0.6 $2.5 * 0.6t $1.5 *+ 0.61 $0.1 £ 0.7 4.8 = 0.61
Paco,. mm Hg 404 = 0.2 407+ 0.2 41.2+ 03 41.4 * 0.3 12.6 = 0.2t
P(A-2)O,, mm Tg 33206 16.5 = 0.64 16.6 = 0.6 18.2 = 0.71 23.0 = 0.6
BAMI, kg/llli 255 = 0.3 27.1 + 0.34 27.6 £ 0.3t 28.6 % Q.41 329 = 0.4

*Data are presented as mean £ SE mnless otherwise indicated.
tp < 0.05 vs group 1.

The pathogenesis of OSAS and/or hypoventilation
(davtime hvpercapnia) may differ between Western
and Asian populations including Japan because dif-
[erent genetic factors may contribute to the devel-
opment of these disorders.'¢ In the present study,
mean AHI in the normocapnic and hypercapnic
OSAS groups was 28.2/h and 31.1/h, respectively,
which was lower than that found in previous re-
ports'=% [rom Western countries. In addition, the
level of hypercapnia was relatively mild (mean, 47.4
mm Hg) in our cohort, and the proportion of patients

with a Paco, = 30 nim Hg was only 13.7% (23 of

168 hypercapnic patients) []‘lg 5]. Therefore. it is
unclear whether the results of this study could be
explored to white patients.

Daytime hvpercapnia was corrected in appm\l—
mate l\ half’ of our patients treated with CPAP.
limitation of this result was that the patients \\']10
tolerated this therapy were not representative of the
entire hypercapnic OSAS group because their AHI

and BMT values were higher than those observed in
the whole group of hypercapnic patients. Another
limitation was that we did not measure the time
course of Paco, changes during the usage of anto-
CPAP. However, our result was similar to that
reported by Rapoport et al® who found that four
patients became eucapnic within 2 weeks of CPAP
therapy, while four others remained hypercapnic,
although the subjects were morbid obese. Rapoport
et al$ pmposul that two separate mechanisms exist
for hypercapnia in OSAS. The pathogenetic mecha-
nisins of davtime hypercapnia in patients with OSAS
who msp(mde(l to CPAP therapy may be a balance
between ventilation while awake and h\ poventilation
due to repetitive sleep apnea; t]ms the effects of
sleep apnea on daytime hypercapnia could be abol-
ished by CPAP thes rapy. Han et al'® l(,pmt(‘(l that
Paco, had fallen to < 45 rom Hg and hypoxic and
hypercapnic chemosensitivity had increased 4 to 6
weeks alter CPAP therapy. without body weight

43 7 35, %
: ]
425 1
32.54 ?
o o ® T H e
a - T § —l .
41 : T Q
1 27,54 . o
405 % ? 4
40 . . v . . 25 ? . . . -
Group I II III v v Group I II III v v
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FIGURE 3. Paco, values in patients with OSAS distributed
.l(.L()IdlII“' to AHL #*p <005 vs eve TV other group. Ip <005 vs
group 1.
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FIGURE 4. BMI in patients with OSAS distributed according to
AHL *p < 0.05 vs every other group. p < 0.05 vs groups | an(l 2.
§p < 0.05 vs group 1.
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Table 53—Good Responders, Poor Responders, and
Nonadherents to CPAP Therapy*

Good Poor
Responders Responders Nonadherents
\ariahles m =19 (n = 18) (n =19}

Men/wonien, No. 19/0 15/3 15/3
Age. yr 440 =2 48.1 = 3.2 63.8 = 2.3§
GN'C. 97.6 = .1L.8 90.9 £ 3.0 94.0 £ 6.1
FEVIANC, % 54313 86.1% 1.4 794 * 1.5%
Pao,. mm Hg 710X 24 653227 6.8 ® 15§
Paco,, nun g 48.8 = 0.6 192+ 08 17.2 + 0.5
AHL events/h 61665 0632x69 512 2 17§
Lowest Sa0,. % 63630 539=29 GS.6 = 2.1§
Average Sao,. % 838 1.8 790 =23 901 £ 0.7
BMI Lefore therapy, 3252 11 424 = 2.7} 26.1 = L.o§

ke/ne?
BMT after therapy, 39 = LI 420 = 284 26.0 = 11§

kg/?

“Data are presented as mean = SE unless otherwise indicated.
tp < 0.05 compared with BMT hefore CPAP therapy.

tp < 0.05 compared with good responders.

§p < 0.05 compared with poor responders.

changes, in hypercapnic patients with OSAS (n = 3),
snggesting  that  depressed  chemoresponsiveness
plays a role independent of ohesity in the develop-
ment of CO; retention in some of these patients: and
it may he a response to sleep-disordered breathing.
In the present study, one possible pathomechanism
of hypercapmia in good responders may be upper

airway resistance because in this group BMI was

slightly lower than in. poor responders and upper
airway resistance was casily ameliorated after CPAP
therapy. However, davtime Paco, levels in OSAS
patients may be an end product of a complex
conglomerate, influenced by factors such ag severity
of sleep apnea; obesity: daylime Pao,: chemosensi-
tivity; respiratory  mechanices;  respiratory muscle

604
551
)
=
O T 50
J £
Q_ ~—
45,
40

Initial CPAP therapy

FIGURE 3. The responses of Paco, to CPAP therapy. Closed
circle with solid line represents good responder, while open cirele
with dashed line represents poor responder.

www.chestjoumnal.org

strength; metabolic rate: daytime symptoms of sleep-
iness; endocrine modulation; cardiac function: and
face. nose, and cranial bony structure (cephalome-
trv). Several undefined pathomechanisms of daytime
hypercapnia mav exist in patients with OSAS, whosc
Paco, did not decrease after CPAP therapy.

Our study did not focus on the cansal relationship
between OSAS and OHS. It has been reported that
OHS can occur without significant OSAS!® (ie, OHS
patients could exhibit nocturnal hypoventilation un-
related to upper airway obstmction).s Forty-three
percent (73 of 168 patients} of our hypercapnic
patients with OSAS satisfied the criteria of OHS,
when obesity was defined as BMT = 30 kg/n12. In
other words. more than hall of hypercapnic patients
with OSAS were not obese based on Western crite-
ria. In addition, noctumal desaturation in our hyper-
capine patients with OSAS was mostly due to apper
airway obstruction, partly becanse the degrees of day-
time hypercapnia and obesity were mild compared with
thosc of previous reports from Westem: conntries. =5
There may exist some cthnic differences regarding the
characteristics of OHS between Japan and Western
countries. In the present s(‘u(l_\/, |ugist’i(: regression
analvsis showed that BML could be a predictor of
daytime hypercapnia (p = 0.051). suggesting that
obesity may have partly contributed to the presence
of daytime hvpercapnia in our patients. Therelore,
the predictive value of AHI may not be independent
of BMI: rather, BM1 could be a modifier.

Our data showed that chronic airflow limitation
was not a prerequisite for the presence of daytime
hypercapnia. We did not intend to exclude any
patient suspected of COPD in our study. and no
patients showed an FEV % < 60%. Only 3.5% of
the patients with hypercapnia (6 of 168 patients) had
mild obstructive airllow imitation (FEV % = 60%
to < 70%). Overlap syndrome (the association of
OSAS with COPD)Y may be rare in the Japanese
population. However, a relationship of obstructive
impainnent with hivpercapnia in patients with OSAS
camot be ruled out because our study population was
a convenient sample of patients attendling a sleep clinic.

The poor responders to CPAP therapy showed a
decrease of AHI after receiving auto-CPAP thervapy,
and their clinical conditions (the degree of daytime
sleepiness decreased) improved, although the levels
of daytime Paco, did not decrease =5 mm Hg,
Current therapeutic options available for hypoventi-
lation syndrome include bilevel pressure support
ventilation with or without supplemental oxygen. 2" A
future clmllcugtt is to in\'(z'sl'igutc whether poor re-
sponders to CPAP therapy would respond to bilevel
pressure support ventilation.
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Decreased Lipoprotein Lipase in Obstructive
Sleep Apnea Syndrome

Ken Iesato, MD; Koichiro Tatsumi, MD; Toshiji Saibara, MD#;
Akira Nakamura, MD; Jiro Tevada, MD; Yujt Tada, MD;
Seiichiro Sakao, MD: Nobuhiro Tanabe, MD;

Yuichi Takiguchi. MD; Takayuki Kuriyama, MD

Background Lipoprotein lipase (LPL) might play a major rofe in lipid metabolism by hydrolyzing triglyceride-
rich lipoprotcins. Decreased LPL activity can wigger carly inflammatory responses centeal 10 atherosclerosis.
Howcver. whether repeated aprea-related hypoxemia influences lipid metabolism in patienis with obstructive
sleep apnea syndrome (OSAS) remain undefined. This investigation determined whether circulating LPL was
influcnced by repeated apnea-related hypoxemia, and the elfect of nasal continuous positive airway pressure
{CPAP) therapy on LPL concentrations in (OSAS paticnts.

Methods and Results  The participants of the study were 155 men with OSAS and 39 men without OSAS. Cir-
culating LPL. concentrations decreased with the severity of OSAS. They corrclated negatively with scrum
triglyceride. and (he linear regression lines between LPL concentrations and triglyceride in OSAS paticnts were
shifled downward compared with those in non-OSAS patients. suggesting that any pathophysiological factor
might decrease LPL activity in OSAS patients. Some OSAS patients were subjected (o CPAP therapy lor 3
months. CPAP therapy increased LPL concentrations and decreased C-reactive protein (CRP) concentrations.
Conclusions  The present study suggests that repeated apnea-related hypoxemia might affect lipid metabolism
and augment inflammatory responses. and CPAP therapy could be effective Lo decrease inflammatory responses

and ametiorate tipid metabolism in paticats with OSAS.

(Cire J2007:71: 1293~ 1298)

Key Words:  Atherosclerosis: Intammation: Lipid metabolism: Steep apoca

acreased concentrations of taglyceride (TG)-rich lipo-
proteins provoke lipid accumulation in the artery
wall, iriggering carly inflammatory responses central
to atherosclerosis! Lipoprotein lipase (LPL) might play a
major rote in lipid metabolism by hydrolyzing TG-rich
lipoproteins and releasing fauy acids? Peroxisome prolif=
erafors-activaled receptor (PPAR)-a might be activated by
[atty acids o induce the wanscription of genes involved in
the oxidation of fatty acids. Then, LPL could act on circu-
lating lipoproteins to generate PPAR-a ligands. PPAR-o
activation might exert cardiovascular protective cffects in
hypertension or other forms of cardiovascular discase?
There is & continaous dissociation ol LPL lvom the endo-
thelinm 1o blood? Therelore. blood levels of 1.PL might be
associated with the pathogencesis of cardiovascalar dis-
cases? including the complications of obstructive sleep
apnea syndrome (OSAS). However, the roles of LPL in
inflammatory responses, atherosclerosis and cardiovascular
complications in paticnts with OSAS remain undelined.
Assuming that the pathophysiotogy of OSAS manifests a
systemic inllammatory response, repeated hypoxemia and
recovery o normoxemia could affect LPL activity.
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Serum levels of TG and body mass index (BMT) have
been reported to correlate negatively with the blood concen-
trations of LPL3" We hypothesized that the pathophysio-
fogical conditions, related to the severity of OSAS, might
affect the blood concentrations of LPL3S The purpose of
the present study was to examine whether the blood concen-
trations of LPL arc inftucnced by repeawed apnca-related
hypoxemia in patients with OSAS and to determine whether
nasal contihuous positive aivwuy pressure (CPAP) therapy
ameliorate the levels of LPL.

Methods

Subjects

A consceutive male population with clinical symploms
of sleep apnea (n=260). who were examined by polysom-
nography (PSG) Irom August 2003 o October 2004, was
first divided into 2 groups according to their apnea-hypop-
nca index (AHD) (AHT 25 n=214, AHT <5: n=46). The
patients were recruited from the sleep clinic where they had
been referred for [urther investigation regarding snoring or
possible OSAS. Presenting symptoms were cither snoring or
daytime sleepiness or both. The subjects were all Tupancese,
and no other cthnic group was included 10 avoid the elfects
of ethnic ditlerence.

Patients with heart {ailure, or other respiratory problems,
including chronic obstructive pulmonary discase were ex-
cluded from the study. Subjects with kidney disease and
hormonal discase were also exceluded. Subjects on medica-
tion known to affect insulin action. including the treatments
{or diabetes mellitas, or plasma lipoprotein concentrations,



