Respirology

Respirology

www.wignet.com

M Badshideng Lublishing Yo Searcn
i & t

Adaneed Search

Respirology

Baishideng Publishing Group Inc

Crikiegas somaricns I opabi uona s

Latest news

-
R
conntes
prane

£t ot
Sttt
Ee—
otz
i
[—

Fravis oo

ESSUEAR L K IEN

A-FIUERBLEERANESREE

Amsthesivlogy

Respirology

Volume End

& | Goistidery Fubis
Raishid -

St e e e

e

Baishideng Publishing Group Inc

Baishideng Publishing Group Inc

Gearen)
Advanced Sowh




W J K

A peer-reviewed; online; open-access jouwrnal of respirology

World Journal of

Respirology

Editorial Board

2011-2015

The World Journal of Respirology Editorial Board consists of 148 members, representing a team of worldwide experts
in respirology. They are from 38 countries, including Australia (3), Austria (2), Belgium (3), Brazil (1), Bulgaria (1),
Canada (5), Chile (1), China (12), Czech Republic (1), Denmark (2), Egypt (5), Ethiopia (1), France (2), Germany (3),
Greece (7), Hungary (1), India (6), Ireland (2), Israel (1), Italy (8), Japan (15), Jordan (1), Kuwait (1), Malaysia (1),
Poland (1), Portugal (1), Serbia (1), Singapore (2), Slovakia (1), South Africa (1), South Korea (4), Spain (7), Sri Lanka
(1), Thailand (1), Tunisia (1), Turkey (4), United Kingdom (5), and United States (33).

EDITOR-IN-CHIEF
Rafael Rosell, Barcelona

GUEST EDITORIAL BOARD
MEMBERS

Shi-Chuan Chang, Taipei
Han-Shui Hsu, Taipei

Wu-Huei Hsu, Taichung
Jeng-Shing Wang, Kaohsiung
Jiu-Yao Wang, Tainan
Chuen-Mao Yang, Taoyuan

MEMBERS OF THE EDITORIAL
BOARD

N4
Z

Australia

Robert James Boots, Brisbane
Moyez Jiwa, Bentley
Zoe Jane McKeough, Sydney

[
I Austria

Bernd Lamprecht, Salzburg
Daniel Zimpfer, Vienna

Teresinha Leal, Brussels
Daniel O Rodenstein, Louvain
Steven Raphaél Simoens, Leuven

Red..
Brazil

JRaishideng®

Marcus V Nora De Souza, Rio de Janeiro

WJR | www.wjgnet.com

= Bulgaria

Papantchev Vassil Gueorguiev, Sofia

Ld B

Kenneth R Chapman, Toronto
Abdelilah Soussi Gounni, Winnipeg
Vincent Joseph, Quebec

Louis P Perrault, Montreal

Sat Sharma, Winnipeg

L chile

Dante Daniel Caceres, Santiago

.
* x

*

China

George G Chen, Hong Kong
David Harold Garfield, Shanghai
Gang Wang, Chengdu

Hui-Ying Wang, Hangzhou
Mian Zeng, Guangzhou
Wang-Meng Zhao, Beijing

h Czech Republic

Martina Vasakova, Prague

H
. - Denmark

Morten Dahl, Copenhagen
Nils Milman, Copenhagen

I
[ ] Egypt

Mohamed EA Abdelrahim, Beni Suef
Yasser Mohamed Amr, Tanta

Hatem Yazid El Bawab, Cairo

Aliae AR Mohamed-Hussein, Assiut
Nirmeen A Sabry, Cairo

o
Ethiopia

Abraham Aseffa, Addis Ababa

I I France

Nawwar Al-Attar, Paris
Yves Dominique Durandy, Massy

Germany
Martin Kolditz, Fetscherstr
Peter Matt, Switzerland
Gernot Zissel, Freiburg

. I

. _

| —

————— Greece

Vassilis Aidinis, Athens

Demosthenes Bouros, Alexandroupolis
Nicos P Hadjiangelis, Athens

Chryssi Athanasios Hatzoglou, Larissa
Argyris S Michalopoulos, Athens
Nikoletta Rovina, Athens

Spyros Zakynthinos, Athens

(—
[ Hungary

Balazs Antus, Budapest

November 10, 2012




i
G:

-
G
—
> o

2.8
;Q.,;,

N

Raishidenge ~ WJR | www.wjgnet.com November 10, 2012




World Journ

World ] Respirol 2014 March 28; 4(1): 1-10

g ) e . - Growuh
K J.)(IIA/II{I@/{y _Z/llﬂlleﬁllllzy /4 0[(/)

g .
Bomamge WWW.Wjgnet.com



World Journal of
Respirology

Contents Four-monthly Volume 4 Number 1 March 28,2014

PROSPECTIVE STUDY 1 Phase 1I trial of carboplatin/docetaxel in patients with resected NSCLC
Uramoto H, Nakanishi R, Uchiyama A, Inoue M, Sugaya M, Iwata T, Ebi N, Hanagiri T,
Tanaka F

CASE REPORT 8 Solitary pituitary metastasis resulting from pulmonary large cell
neuroendocrine carcinoma
Watanabe T, Kaira K, Mizuide M, Sunaga N, Shibusawa N, Hisada T, Satoh T, Mori M,
Yamada M

(49

Boichideng>  WJR | www.wjgnet.com I March 28, 2014 | Volume 4 | Issue1 |



Content World Journal of Respirology
ontents
Volume 4 Number 1 March 28, 2014

APPENDIX I-V  Instructions to authors

ABOUT COVER Editorial Board Member of World Journal of Respirology, David Harold Garfield,
MD, Associate Professor, Associate Medical Director, ProMed Cancer Centers-
Shanghai, 170 Danshui Road, Luwan District, Shanghai 200020, China

AIM AND SCOPE World Journal of Respirology (World | Respirol, WJR, online ISSN 2218-6255, DOI: 10.5320)
is a peer-reviewed open access (OA) academic journal that aims to guide clinical practice
and improve diagnostic and therapeutic skills of clinicians.

IVJR covers topics concerning respiratory physiology, respiratory endoscopy, respiratory
system tumors, chronic obstructive pulmonary disease, bronchial asthma, respiratory
infections, critical respiratory illness, sleep-related respiratory disorders, interstitial lung disease,
pulmonary vascular diseases, pulmonary embolism, diagnostic imaging, evidence-based
medicine, epidemiology and nursing, The following aspects are covered: Clinical diagnosis,
laboratory diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular
biological diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and
physical diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.

We encourage authors to submit their manuscripts to WJR. We will give priority to
manuscripts that are supported by major national and international foundations and those that
are of great basic and clinical significance.

INDEXING / World Journal of Respirology is now indexed in Digital Object Identifier.
ABSTRACTING
FLYLEAF I-Il  Editorial Board
EDITORS FOR Respons%ble Assistam. Edjt.or: Xiang].ij ‘ Responsible Science Editor: Ling-Ling Wen
Responsible Electronic Editor: Su-Qing Lin
THIS ISSUE Proofing Editor-in-Chief: Liar-Sherg Ma
NAME OF JOURNAL World Journal of Respirology COPYRIGHT
World Journal of Respirology Room 903, Building D, Ocean International Center, © 2014 Baishideng Publishing Group Co., Limited.
No. 62 Dongsihuan Zhonglu, Chaoyang District, Articles published by this Open-Access journal are dis-
ISSN Beijing 100025, China tributed under the terms of the Creative Commons At-
ISSN 2218-6255 (online) Telephone: +86-10-85381891 tribution Non-commercial License, which permits use,
Fax: ""86’1 0-85381 89.3 distribution, and reproduction in any medium, provided
LAUNCH DATE E-mail: bpgofﬁce@w;gnet.com the original work is propetly cited, the use is non com-
December 30, 2011 http://www.wjgnet.com mercial and is otherwise in compliance with the license.
FREQUENCY PUBLISHER
Four-monthly Baishideng Publishing Group Co., Limited iﬁECIAL STATEMENT -
articles published in this journal represent the
Flat C, 23/F, Lucky Plaza, . R £ the auth here indicated oth
EDITOR'IN'CHIEF 315.321 Lockhart Road, Wan Chal, \16\}:7p01ﬂt5 of the authors CXCCPt where indicated oth-
Rafael Rosell, MD, PhD, Professor, Chief, Medical | Hong Kong, China erwise.
Oncology Service, Catalan Institute of Oncology, | Fax: +852-65557188
Hospital Germans Trias i Pujol, Ctra Canyet, s/n, | Telephone: +852-31779906 INSTRUCTIONS TO AUTHORS
08916 Badalona (Barcelona), Spain E-mail: bpgoffice@wignet.com Full instructions are available online at http://www.
http:/ /wwwawijgnet.com wijgnet.com/2218-6255/¢_info_20100722180607.htm
EDITORIAL OFFICE
Jin-Lei Wang, Director PUBLICATION DATE ONLINE SUBMISSION
Xiu-Xia Song, Vice Director March 28, 2014 http:/ /www.wignet.com/esps/

(49

Roichideng>  WJR | www.wjgnet.com

1I

March 28,2014 | Volume 4 | Issuel |



wdJ R

World Journal of
Respirology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.5320/ wjr.v4.il1.1

World ] Respirol 2014 March 28; 4(1): 1-7
ISSN 2218-6255 (online)

© 2014 BaishidengPublishing Group Co., Limited. All rights reserved.

PROSPECTIVE STUDY

Phase 1 trial of carboplatin/docetaxel in patients with

resected NSCLC

Hidetaka Uramoto, Ryoichi Nakanishi, Akihiko Uchiyama, Masaaki Inoue, Masakazu Sugaya, Teruo Iwata,

Noriyuki Ebi, Takeshi Hanagiri, Fumihiro Tanaka

Hidetaka Uramoto, Takeshi Hanagiri, Fumihiro Tanaka, Sec-
ond Department of Surgery, School of Medicine, University of
Occupational and Environmental Health, Kitakyushu 807-8555,
Japan

Ryoichi Nakanishi, Department of Thoracic Surgery, Shin-
Kokura Hospital, Federation of National Public Service Personnel
Mutual Aid Associations, Kokurakita-ku, Kitakyushu 803-0816,
Japan

Akihiko Uchiyama, Department of Surgery, Kyushu Kouseinen-
kin Hospital, Kitakyushu 806-8501, Japan

Masaaki Inoue, Department of Chest Surgery, Shimonoseki
City Hospital, Shimonoseki 750-8520, Japan

Masakazu Sugaya, Department of Chest Surgery, Chubu Rosai
Hospital, Nagoya 455-0018, Japan

Teruo Iwata, Department of Thoracic Surgery, Niigata Rousai
Hospital, Niigata 942-0071, Japan

Noriyuki Ebi, Department of Respiratory Medicine, lizuka Hos-
pital, lizuka 820-8505, Japan

Author contributions: All the authors contributed to this work.
Supported by JPJS KAKENHI, No. 25462202; A UOEH Re-
search Grant for Promotion of Occupational Health; Uramoto H,
Hanagiri T and Tanaka F received a research grant that belongs to
the institute from Sanofi-Aventis, Inc.

Correspondence to: Hidetaka Uramoto, MD, PhD, Second
Department of Surgery, School of Medicine, University of Occu-
pational and Environmental Health, 1-1 Iseigaoka, Yahatanishi-
ku, Kitakyushu 807-8555, Japan. hidetaka@med.uoeh-u.ac.jp
Telephone: +81-93-6917442 Fax: +81-93-6924004

Received: October 31,2013 Revised: February 15,2014
Accepted: February 18, 2014

Published online: March 28, 2014

Abstract

AIM: To investigate the development of a safer che-
motherapeutic regimen with better compliance, a total
of 67 patients were enrolled as a single arm in a two-
stage multi-center phase I study.

METHODS: The patients received chemotherapy with
carboplatin (CBDCA) with an area under the curve
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(AUC) of 5, and docetaxel (DTX) at 60 mg/m? tri-week-
ly for three cycles after surgery. The primary endpoint
of this study was compliance, while the secondary end-
points were the adverse events (AE) and recurrence-
free survival (RFS).

RESULTS: Sixty-one patients were treated in this study
arm. The patients were 43 males and 18 females, with
a median age of 64.6 years. Fifty-one patients (83.6%)
completed all three cycles of therapy. The presence of
Grade 3 and 4 neutropenia was noted in 25% and 66%
of the patients, respectively. The non-hematological
AE were less frequently reported, and no treatment-
related death was registered. The two-year RFS and
OS rates of the 61 patients were 69.8% and 88.3%,
respectively.

CONCLUSION: A tri-weekly schedule of CBDCA and
DTX as adjuvant chemotherapy showed a favorable
feasibility.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Non-small cell lung cancer; Adjuvant che-
motherapy; Carboplatin; Docetaxel; Treatment compli-
ance; Surgical resection

Core tip: Adjuvant chemotherapy with a tri-weekly
schedule of carboplatin and docetaxel was feasible in
Japanese non-small cell lung cancer patients. In clinical
practice, this regimen represents a potential treatment
option that may be superior to other regimens. The
main limitation associated with this study is the small
number of patients enrolled. Therefore, it is important
to employ a reference arm for any future randomized
clinical trials evaluating this treatment regimen.

Uramoto H, Nakanishi R, Uchiyama A, Inoue M, Sugaya M,
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Iwata T, Ebi N, Hanagiri T, Tanaka F. Phase II trial of carbo-
platin/docetaxel in patients with resected NSCLC. World J
Respirol 2014; 4(1): 1-7 Available from: URL: http://www.
wjgnet.com/2218-6255/full/v4/i1/1.htm DOI: http://dx.doi.
org/10.5320/wjr.v4.il.1

INTRODUCTION

Lung cancer is one of the deadliest cancers worldwide,
with the highest incidence and mortality among all can-
cers'. Many of the patients with non-small cell lung can-
cer (NSCLC) demonstrate a recurrence of the tumor and
die despite undergoing a complete surgical resection'”.
This suggests that occult metastases are often present at
the time of surgical intervention™. Therefore, adjuvant
chemotherapy is needed to improve the prognosis of
patients”. The benefits of adjuvant chemotherapy have
been demonstrated using mainly cisplatin (CDDP)-based
chemotherapym. However, many problems still remain.
For example, CDDP-containing regimens pose unaccept-
able toxicity, require hydration to prevent renal toxicity,
and also add a risk for lung edema with a reduced vas-
cular bed after a lung resection. As a result, these regi-
mens often have low patient compliance. Furthermore,
treatment-related deaths sometimes occur with CDDP
chemotherapy, even although it might prevent recurrence
when given in an adjuvant setting and most of the popu-
lation who cannot gain a privilegels’gj. Given the poor
compliance, randomized studies have failed to prospec-
tively confirm a statistically significant role for adjuvant
chemotherapy for NSCLC patients”o’m.

On the other hand, carboplatin (CBDCA) is more
favorable with less toxicity than most of the anticancer
drugs for advanced lung cancer. Further, CBDCA was
not far behind CDDP in a post-surgical situation'”,
although CDDP-based chemotherapy yields a barely
significant survival advantage compared with combina-
tion chemotherapy consisting of CBDCA plus a second
generation agent in patients with advanced NscLc!™,
In fact, there might be large differences between the
outcomes of chemotherapy for patients with advanced
NSCLC with a large tumor burden and patients receiv-
ing the treatment in the adjuvant setting who are at least
macroscopically tumor-free. We previously reported that
a bi-weekly schedule of CBDCA combined with paclitax-
el (PTX) or gemcitabine also had acceptable toxicity™,
In fact, CBDCA treatment regimens are available for out-
patients for a short duration of treatment. However, the
compliance in the previous studies was still unsatisfactory.

Docetaxel (DTX) has pharmacological actions similar
to its congener, PTX. However, these drugs have phar-
macodynamic and pharmacokinetic differences'”. In fact,
DTX is the only agent currently approved for both first-
and second-line treatment of advanced NSCLC"". Fur-
thermore, DTX is superior to vinca alkaloid-based regi-
mens, the most common treatment used in the adjuvant
setting, in terms of the overall survival (OS) and safety
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for advanced NSCLC patients. DTX-based regimens
also improved the patient quality of life compared with
vinca alkaloid-based regimens in those with advanced
NSCLC"". Therefore, CBDCA with DTX may offer an
acceptable alternative for patients with advanced NSCLC.

The purpose of this study was to test the completion
rate as a primary endpoint and the adverse events (AE)
and recurrence-free survival (RFS) as secondary end-
points in patients with stage [ B-IIA NSCLC receiving
tri-weekly CBDCA [area under the curve (AUC) 5] and
DTX (60 mg/ m’) in a two-stage multi-institutional study.

MATERIALS AND METHODS

Eligibility criteria

Patients were eligible for the main trial if they fulfilled
the following local criteria for a pathological diagnosis
of stage I B, Il or ITA NSCLC™"™ after a curative opera-
tion and mediastinal lymphadenectomy: Age 20-80 years;
Eastern Cooperative Oncology Group performance
status (PS) of 0 or 1; a leukocyte count of 4000 mm’
and a neutrophil count of 2000 mm’ or greater; a hemo-
globin level of 9.0 g/dL or greater; a platelet count of
100000 plL. or greater; a serum bilirubin level less than
1.5 mg/dL; and aspartate aminotransferase and alanine
aminotransferase levels equal to or less than two times
the institutional normal and a creatinine concentration
less than 1.5 mg/dL. The patients were ineligible if they
had a concurrent malignancy, uncontrollable complica-
tions, severe postoperative morbidity; previous treatment,
including chemotherapy, radiotherapy or immunotherapy;
hypersensitivity to therapeutic agents; and the possi-
bility of being pregnant and other conditions such as
hepatic inflammation, as judged by the attending physi-
cian. This study was registered with University Hospital
Medical Information Network-Clinical Trials Registry,
available at http://www.umin.ac.jp/ctr/index-j.htm (ID:
UMIN000002425).

Pretreatment and follow-up evaluations

Before enrollment, all patients underwent a full history
and clinical examination which included the PS, complete
blood cell count (CBC), electrolytes, glucose, liver func-
tion tests, blood urea and creatinine levels, a urinalysis,
electrocardiogram and chest X-rays. Additional imaging
investigations were performed if clinically indicated or
in order to measure areas of known disease. During the
study, all patients were monitored for symptoms of toxic-
ity and underwent regular clinical examinations. Hemato-
logical assessments and chest X-rays, and tumor marker
studies were performed at least every three and four
weeks, respectively.

Treatment schedule and trial design

This was a two-stage multi-institutional prospective study.
A dose of 60 mg/m’ DTX and CBDCA AUC of 5 were
given intravenously on days 1 and every three weeks for
a maximum of three cycles“g}. The treatment was started
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within 10 wk of surgery. Calvert ¢z al™ formula was used
to calculate the AUC for CBDCA, whereas the creatinine
clearance was determined using the Jelliffe ez a/*"! for-
mula. A short premedication with 20 mg of dexametha-
sone and a 5-HT3 receptor antagonist was administered
intravenously 30 min before the patients received the rest
of the DTX. CBDCA and DTX were dissolved in physi-
ological saline or 5% glucose to a volume of 250 ml., and
were administered by intravenous drip infusion in 90 min.

CBC were measured before the beginning of each new
treatment course. Treatment was delayed for one week if
the leukocyte count was less than 3000/ uL, the neutro-
phil count was less than 1500/;,1L or the platelet count
was less than 75000/ pL. The patient was withdrawn from
the study if these conditions were not resolved within six
weeks™. The dose of DTX was reduced to 50 rng/m2
and the dose of CBDCA was reduced to AUC 4 only
once through a full course when the neutrophil count
was 1OOO/ML or less, or the platelet count was 25000
uL or less with previous treatment, or if grade 3 non-
hematological toxicities occurred. The maximum grade
on the National Cancer Institute of Common Toxicity
Criteria for AE (Version 3.0) was reported for both the
hematological and non-hematological toxic effects. The
highest toxicity grade for each patient in all cycles of che-
motherapy was used for toxicity analysis. Patients did not
receive prophylactic granulocyte colony-stimulating factor
(G-CSF) during any cycle. The criteria for removal from
the treatment arm were intolerable toxicity or withdrawal
of consent. The choice of any subsequent treatment de-
pended on the institution. The Institutional Review Board
approved this study and informed consent was obtained
from either the patients or their legal guardians.

Observations and evaluations

The primary endpoint of this study was compliance with
the chemotherapy protocol, while the secondary end-
points were the AE and RES. All eligible patients who re-
ceived any treatment were considered assessable for tox-
icity. The blood chemistry studies and evaluations of the
serum levels of tumor markers were repeated every cycle.
The follow-up period after accrual closure was planned
to be 24 mo.

Statistical analysis

The expected and threshold values of the treatment
completion rate were 80% and 65%, respectivelyw’m.
The number of patients required was determined with
an o risk of 0.05 and f risk of 0.2. Simon™ optimal de-
sign was applied to recruit the patients and the number
of patients required was calculated to be 65 patients by
considering the likely number of cases with incomplete
treatment. If completion of treatment was observed in
< 21 patients among the first 31 patients, this study was
to be terminated; if it was observed to be = 22 patients,
recruitment would be allowed. The events considered in
the RES were locoregional and distant recurrence. The
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RES was calculated from the date of registration to the
date of recurrence. The OS was calculated from the date
of enrollment to the date of death or last known contact.
The terminal event of the overall survival analysis was
death attributable to cancer or non-cancer causes. The
Kaplan-Meier method was used to estimate the prob-
ability of survival and survival differences were analyzed
by the log-rank test. The difference was considered to be
significant for values of P < 0.05. The data were analyzed
using the Stat View software program (Abacus Concepts,
Inc., Berkeley, California, United States).

RESULTS

Patient characteristics

Sixty-seven patients were enrolled in this multi-institu-
tional trial from September 2009 to August 2011. Thirty-
one patients were evaluated at the interim analysis. Com-
pletion of treatment was observed in 23 patients among
the first 31 patients at the interim analysis™. Six of the
67 patients enrolled were excluded from the final analy-
sis; three due to ineligibility criteria and three patients
due to not receiving the study treatment. A total of 61
patients were therefore evaluable and their characteristics
are shown in Table 1. The 61 patients included 43 males
and 18 females, with a median age of 64.6 years (range,
42-79 years). The tumors included 45 adenocarcinomas,
13 squamous cell carcinomas, two pleomorphic carcino-

mas and one giant cell carcinoma. Nineteen patients were
in stage I B, 11 in A, 10 in II B, and 21 in I A. None
of the patients received either induction or postoperative
radiotherapy.

Compliance with chemotherapy

The regimen was judged to be safe and tolerable in the first
stage and therefore patients were accrued as plannedm.
Fifty-one patients completed all cycles of therapy and
therefore, the completion rate was 83.6% (Table 2). The
median number of treatment cycles for all patients was
three. The primary reason for premature discontinuation
was hematological toxicity (7 = 6). The four patients did
not complete all cycles because of a pulmonary fistula in
two cases, diarrhea in one case and an intra-abdominal
abscess from ileocecal diverticulitis in one case. The tran-
sition rate to outpatient status in all cycles was 49.2%.
As a consequence of a dose reduction, the mean and
median dose intensity of CBDCA were 4.3 (86.7%) and
4.3 (86.7%) AUC and those of DTX were 51.8 rng/m2
(86.3%) and 53.3 mg/m’ (88.8%), respectively.

Safety

The toxicity profiles are summarized in Table 3. Grade
3 and 4 neutropenia were observed in 25% and 66% of
patients, respectively. Grade three febrile neutropenia
developed in 7% of patients, while no grade 4 febrile
neutropenia was observed. Severe non-hematological AE
were infrequent and no treatment-related death was reg-
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Table 1 Patient characteristics

Table 2 Drug delivery n (%)

Characteristic n =61 Number of cycles delivered

Gender 1 61 (100)
Male 43 2 58 (95)
Female 18 ) 51 (84)

Age, yr 66 (42-79) Total 170

Histology Median 3
Adenocarcinoma 45 Number of patients who required dose reduction of
Squamous cell carcinoma 13 CBDCA 43 (70)
Pleomorphic carcinoma DTX 43 (70)
Giant cell carcinoma 1 Mean dose intensity (% planned)

Lesion site CBDCA 4.3 AUC (86.7)
Right 42 DTX 51.8 mg/m’ (86.3)
Left 19 Median dose intensity (% planned)

Lesion location CBDCA 4.3 AUC (86.7)
Upper 38 DTX 53.3 mg/m’ (88.8)
Middle 1
Lower 22 CBDCA: Carboplatin; DTX: Docetaxel; AUC: Area under the curve.

Pathological stage (7")

IB 17
TA 14
A 22

Surgical procedure Pathological stage (7) No. of cases Local Systemic
Sublobar resection 2 1B 17 0 1
Lobectomy 58 A 14 2 2
Pneumonectomy 1 B 8 0 3

MA 22 7 10
Total 61 9 (15) 16 (26)

Table 3 Worst adverse events that occurred in the present

study n (%)

Toxicity Grade 3 Grade 4
Hematological events
Neutropenia 15 (25) 40 (66)
Febrile neutropenia 4(7) 0(0)
Non-hematological events
Anorexia 4'(7) 0 (0)
Nausea 2' (3) 0(0)
General fatigue 2(3) 0(0)
GI disorder 1(2)
Diarrhea 1(2)

"Two patients had both anorexia and nausea; Intra-abdominal abscess
from ileocecal diverticulitis. GI: Gastrointestinal.

istered. Peripheral neuropathy (Grade 1) was observed in
four (6.6%) of the 61 patients.

Efficacy

There were 20 events (12: Alive with recurrence; 7: Dead
with recurrence; 1: Dead without cancer) recorded in the
61 patients. The overall median follow-up period for all
patients was 29.9 mo. The two-year RFS and OS rates of
the 01 patients were 69.8% and 88.3%, respectively. The
two-year RES rate of the patients with stage [ B, II and
A tumors was 94.1%, 69.6% and 50.0%, respectively
(P < 0.01) (Figure 1B). The two-year OS rate in patients
with stage [ B, II and A tumors was 94.1%, 81.0% and
85.6%, respectively (P = 0.0282) (Figure 2B). There was
a significant relationship between the pathological stage
and the number of recurrences (stage [ B-11: 17.9%, M A:
59.1%, P < 0.01; Table 4).
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Five patients had both local and systemic recurrent tumors.

DISCUSSION

The medicinal value of an agent increases when an ad-
equate amount of anticancer drug is given. In fact, an
average relative dose intensity less than the median pre-
dicted a poor prognosis in diffuse large cell lymphoma'”,
and in the patients who received at least 85 percent of the
planned dose, the rate of RES was longer than the group
that received less than the optimal dose in breast cancer
patients”. Furthermore, Neymark ez a/”” reported that
the patients’ adherence to protocol therapy was linked to
a favorable survival in NSCLC.

Of interest, studies addressing the role of preopera-
tive chemotherapy have found chemotherapy compliance
to be more favorable in the preoperative setting than
for adjuvant treatment. In fact, the compliance/median
disease free survival for the preoperative and postopera-
tive groups were 93%/32 and 65%/24 mo™. However,
the successful delivery of CDDP-based chemotherapy
in postoperative patents has been difficult, as described
above. At present, the compliance has been unsatisfac-
tory, with rates of 56%-74%, except for cancer and leu-
kemia group B 9633""*?!. Our results showed 83.6%
compliance. Recently, Kubota ez a/* reported 93%
compliance in patients treated in the CDDP + DTX arm
who completed 3 planned cycles of chemotherapy. Yang
et al” also reported 85% compliance in patients treated
with CBDCA (AUC 5) and DTX (75 mg/m?), which was
consistent with our data.

The presence of severe toxicities, specifically neu-
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Figure 1 Recurrence-free survival. A: The 2-year recurrence-free survival
(RFS) rate was 69.8%; B: The RFS curves stratified by pathological stage.

tropenia, was relatively high in our study. The incidence
of grade 3/4 neutropenia and grade 3/4 febrile neutro-
penia was reported to be 86% and 10% for CDDP with
DTX for the Japanese patients with completely resected
NSCLC, respectivelyml. The frequency of grade 3/4
neutropenia in Japanese patients is much higher than that
in Caucasian patients treated with the same tri-weekly
schedule””". The difference in the complication rates
might depend on ethnic differences in the population-
related pharmacogenomicspsj. Of note, the frequency
of severe neutropenia also varies among Japanese and
Chinese patientsm]. Therefore, the optimal doses in this
combination and the appropriate application of G-CSF
should also be considered in a future study. Although the
treatment was associated with higher toxicity, it was also
associated with good compliance, and our results using
DTX-based regimens therefore show that they represent
new a therapeutic optionpz’w.

The two-year RES and OS rates of the 61 patients
were 069.8% and 88.3%, respectively, in our study. These
data were superior to the data in the Japanese lung cancer
registry study of 11663 surgical cases, although the data
regarding survival are still preliminary and must be fol-
lowed upm. Furthermore, the non-hematological adverse
effects were less frequent and no treatment-related death
was registered in this trial. However, patients with ad-
vanced stage NSCLC had a significantly poorer prognosis
in terms of the RES, although there were no statistically
significant differences between stage [ B-1I and Il pa-
tients in terms of the OS. Therefore, the selection of reg-
imens with sufficient efficacy for restricting the growth
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Figure 2 Overall survival. A: The 2-year overall survival (OS) rate was 88.3%;
B: The OS curves stratified by pathological stage.

of a recurrence might be needed. Recently, a Japan In-
tergroup Trial phase Il trial of pemetrexed as adjuvant
chemotherapy for completely resected non-squamous cell
carcinoma has been launched. In the present study, we
demonstrated the feasibility of DTX combined with CB-
DCA; therefore, the next step would be to compare this
regimen to CDDP with new drug(s) in a phase III trial.

In conclusion, adjuvant chemotherapy with a tri-
weekly schedule of CBDCA and DTX was feasible in
Japanese NSCLC patients. In clinical practice, this regi-
men represents a potential treatment option that may be
superior to other regimens. The main limitation of this
study is the small number of patients enrolled and there-
fore it is important to employ a reference arm for any
upcoming randomized clinical trials evaluating this treat-
ment regimen.
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Abstract

Solitary pituitary metastasis is a rare phenomenon in
human neoplasms. We report a case of lung cancer
with the initial manifestation of endocrinopathy result-
ing from pituitary metastasis. The patient’s initial diag-
nosis was a poorly differentiated carcinoma, however,
morbid anatomy revealed a definite diagnosis of large
cell neuroendocrine carcinoma (LCNEC). Clinical physi-
cians should be aware of potential initial manifestations
such as endocrine abnormalities including panhypopi-
tuitarism and diabetes insipidus due to solitary pituitary
metastasis. This case demonstrates that an endocrine
abnormality such as panhypopituitarism could be an
initial manifestation of LCNEC.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Solitary pituitary metastasis is a rare phenom-
enon in human neoplasms. An endocrine abnormality
such as panhypopituitarism could be an initial manifes-
tation of large cell neuroendocrine carcinoma.

Watanabe T, Kaira K, Mizuide M, Sunaga N, Shibusawa N, Hisa-
da T, Satoh T, Mori M, Yamada M. Solitary pituitary metastasis
resulting from pulmonary large cell neuroendocrine carcinoma.
World J Respirol 2014; 4(1): 8-10 Available from: URL: http://
www.wjgnet.com/2218-6255/full/v4/i1/8.htm DOI: http://
dx.doi.org/10.5320/wjr.v4.i1.8

INTRODUCTION

Pulmonary neuroendocrine tumors consist of typical car-
cinoid, atypical carcinoid, large cell neuroendocrine car-
cinoma (LCNEC) and small-cell lung carcinoma (SCLC).
LCNEC is an uncommon malignancy with aggressive
features and a dismal prognosis. Although brain metas-
tasis is often observed in patients with LCNEC, to our
knowledge, there is no description of solitary pituitary
metastasis due to LCNEC. Here, we describe a case of
LCNEC with the initial manifestation of endocrinopathy
secondary to pituitary metastasis.

CASE REPORT

A 74-year-old man with a smoking history presented with
anorexia, vomiting, fever and thirst. Physical examination
revealed dry mouth, decreased skin turgor and hypotonia
with a blood pressure of 80/50 mmHg,. Laboratory inves-
tigations revealed thyroid stimulatory hormone of 0.05 U/
mlL [normal range (NR): 0.5-5.5 U/mlL]], luteal hormone
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Figure 1 A 74-year-old man with a smoking history presented with anorexia, vomiting, fever and thirst. A: Chest computed tomography reveals a mass on the
right upper lobe (white arrow); B: Fluoro-2-deoxy-D-glucose (FDG) positron emission tomography image shows FDG accumulation at the primary site, hilar and medi-
astinal lymph nodes, and liver; C: Sagittal view of gadolinium-enhanced brain magnetic resonance imaging shows irregularly enhanced dumbbell-shaped tumor in the

intrasellar and suprasellar areas (white arrows).

< 0.07 IU/mL, follicle stimulating hormone of 0.6 mIU/
mL, testosterone of 2.51 ng/mL (NR: 1.31-8.71 ng/mL),
growth hormone of 1.00 ng/mL, insulin-like growth fac-
tor 1 of 11.0 ng/mL (NR: 121-436 ng/mL), adrenocor-
ticotropic hormone of 2.4 pg/mL (NR: 1.0-5.2 pg/mL),
and utinary free cortisol < 0.5 pg/d (NR: 11.2-80.3 pg/d),
suggesting panhypopituitarism including secondary ad-
renal failure. The patient had symptoms of thirst, pol-
yposia and increased urination (over 3 L/d). Laboratory
investigations revealed low urine specific gravity of 1.004,
plasma osmolarity of 319 mOSM, low urine osmolarity
of 194 mOSM (< 300 mOSM/kg), and the ratio was 0.686
(< 1). The administration of 1-desamino-8-D-arginine
vasopressin resulted in urine volume reduction and urine
condensation. A definite diagnosis of diabetes insipidus
was made following these laboratory investigations and
physical examination.

Computed tomography of the chest showed a mass
on the right upper lobe and swelling of mediastinal lymph
nodes (Figure 1A). Percutaneous needle biopsy diagnosed
a pootly differentiated adenocarcinoma. Brain magnetic
resonance imaging showed a dumbbell-shaped gadolin-
ium-enhanced tumor in the pituitary (Figure 1B). 2-"F-
fluoro-2-deoxy-D-glucose (*F-FDG) positron emission
tomography (PET) revealed an increased accumulation
of F-FDG in the lung, pituitary, liver and mediastinal
lymph nodes (Figure 1C). A definite diagnosis of primary
lung cancer stage IV (cT1bN2M1b) was made. However,
the patient had pan hypopituitary symptoms with a pet-
formance status of 4. Therefore, palliative radiation
therapy was administered for the solitary pituitary mass
in order to improve the patient’s quality of life. Following
radiotherapy of 50 Gy/25 ft, the patient experienced an
improvement in appetite and nausea. On the 58" hospital
day, the patient was discharged from our institution due
to improving quality of life. However, he died as a result
of severe pneumonia and disseminated intravascular clot-
ting due to progression of the primary disease 10 d after
discharge. Evaluation of morbid anatomy was performed
following permission from the bereaved family. The im-
munohistochemical findings of primary lung tumor and
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solitary pituitary metastasis revealed marked positive
staining of chromogranin A, CD56 (NCAM) and synap-
tophysin. The final diagnosis was solitary pituitary metas-
tasis resulting from LCNEC.

DISCUSSION

Postmortem studies have shown that pituitary gland metas-
tasis is observed in 0.14% to 28.1% of all brain metasta-
ses and patients with breast and lung cancer account for
approximately two thirds of these metastases'". Although
solitary pituitary metastasis is an extremely rare condition,

the histology of adenocarcinoma or small-cell carcinoma
is often seen in patients with lung cancer”. In our patient,
the diagnosis was pootly differentiated adenocarcinoma
by petrcutaneous needle biopsy, however, a definite diag-
nosis of LCNEC was subsequently made. The diagnosis
of LCNEC is difficult to establish based on small bi-
opsies or cytology, because there is a limit to evaluating
a neuroendocrine pattern morphologically”. Recently,
Shimada ez a/" proposed the term “high-grade neuroen-
doctine carcinoma-probable LCNEC (HG-pLCNEC)”
from biopsy findings and aimed to elucidate the clinical
features compared with SCLC, suggesting that therapeu-
tic efficacy in HG-pLCNEC is similar to that of SCLC.
The diagnostic criteria of LCNEC are problematic in
biopsy specimens, and our patient was initially diagnosed
with pootly differentiated adenocarcinoma.

The patient developed the primary symptom of pan-
hypopituitarism due to pituitary metastasis. Radiologically,
it is important to differentiate between pituitary metasta-
sis derived from primary lung cancer and pituitary carci-
noma. As primary pituitary carcinoma has an occurrence
of 0.1%P" its definite diagnosis requires pathological
evidence of a pituitary mass. In our case, the pituitary
mass was not treated surgically due to the patient’s poor
performance status.

A retrospective study demonstrated that 10 of 1639
lung cancer patients (0.61%) had the initial manifestation
of central diabetes insipidus'’. Panhypopituitarism due
to solitary pituitary metastasis is relatively rare, therefore,
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may be overlooked as an initial symptom of lung cancer.
Although multiple brain metastases due to LCNEC are a
frequent occurrence, a single pituitary metastasis may also
occur. These symptoms can be masked by systemic com-
plications of malignancy, including nonspecific symptoms
(malaise, weakness, vomiting, weight loss) and central
nervous system involvement. There may be a number of
patients with primary cancer whose pituitary insufficiency
is not appropriately diagnosed. The possibility that lung
cancer has metastasized to the pituitary gland should be
considered, and the administration of appropriate endo-
crine replacement in a timely manner can improve symp-
toms due to these lesions.

Clinical physicians should be aware of potential initial
manifestations such as endocrine abnormalities including
panhypopituitarism and diabetes insipidus due to solitary
pituitary metastasis.

COMMENTS

Case characteristics

A 74-year-old man with a smoking history presented with anorexia, vomiting,
fever and thirst.

Clinical diagnosis

The diagnostic criteria of large cell neuroendocrine carcinoma (LCNEC) are
problematic in biopsy specimens, and the present case was initially diagnosed
with poorly differentiated adenocarcinoma.

Differential diagnosis

Panhypopituitarism due to solitary pituitary metastasis is relatively rare, there-
fore may be overlooked as an initial symptom of lung cancer.

Treatment

Clinical physicians should be aware of potential initial manifestations such as
endocrine abnormalities including panhypopituitarism and diabetes insipidus
due to solitary pituitary metastasis.
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Experiences and lessons

This case demonstrates that an endocrine abnormality such as panhypopituita-
rism could be an initial manifestation of LCNEC.

Peer review

The pituitary metastasis of LCNEC is a very rare condition and the message
derived from the case is clinically useful.
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Abstract

Obstructive sleep apnea (OSA) is associated with meta-
bolic, cardiovascular and neuropsychological disorders,
with substantial morbidity and economic costs. OSA has
been estimated to affect 4%-11% of the population,
depending on age. Obesity is a significant risk factor
for OSA. Non alcoholic fatty liver disease (NAFLD) has
emerged as an integral component of the metabolic
syndrome, with insulin resistance as the central patho-
genic feature. Estimates based on imaging and autopsy
studies suggest that about 20%-30% of adults in the
United States and other Western countries have NAFLD.
Evidence now suggests that NAFLD is independently
correlated to insulin resistance regardless of adiposity.
Some authors have suggested that OSA may be another
contributor to NAFLD development. In complex diseas-
es, several or many different genes interact with envi-
ronmental factors in determining disease presence or its
phenotype. Individual genes only have a small effect on
disease risk and can therefore be very difficult to iden-
tify. The genetic and hormonal determinants of OSA and
NAFLD have received little attention. A wide variety of
intermediate phenotypes and genes are involved in OSA
and NAFLD which makes this syndrome genetically com-
plex. Various adipokines, the most important of which
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are leptin, adiponectin, tumor necrosis factor-alpha,
resistin and interleukin-6, have a key role in NAFLD and
OSA. Some studies have suggested that oxidative stress
may also contribute to the development of NAFLD and
OSA. Lifestyle intervention, insulin sensitizer drugs and
bariatric surgery aim to improve metabolic syndrome,
OSA and NAFLD but need further investigation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Body mass index; Inflammation; Asian In-
dian; Insulin resistance; Metabolic syndrome

Core tip: Obstructive sleep apnea (OSA) is associated
with non alcoholic fatty liver disease (NAFLD) in ani-
mals and humans. Importantly, OSA can aggravate the
development of NAFLD to nonalcoholic steatohepatitis
in obese individuals. OSA has also been linked to other
features of the metabolic syndrome, including dyslip-
idemia, insulin resistance and hypertension. A wide
variety of intermediate phenotypes and genes are in-
volved in sleep apnea and fatty liver which makes this
syndrome genetically complex. Lifestyle intervention
should be first line treatment for all NAFLD and OSA
patients. Several drugs aim to improve metabolic syn-
drome but need further investigation. Bariatric surgery
may improve conditions associated with metabolic syn-
drome, OSA and NAFLD in the morbidly obese.

Bhatt SP, Guleria R. Sleep apnea and fatty liver disease:
The growing link and management issues. World J Respirol
2014; 4(2): 11-18 Available from: URL: http://www.wjg-
net.com/2218-6255/full/v4/i2/11.htm DOI: http://dx.doi.
org/10.5320/wjr.v4.i2.11

INTRODUCTION

Obstructive sleep apnea
Sleep apnea was first described in the context of the
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Pickwickian syndromem. Since then, sleep apnea has
been recognized as a common problem, conservatively
estimated to occur in over 5% of the population world-
wide®. The hallmark of obstructive sleep apnea (OSA) is
the sleep-related obstruction of the upper airway. There
are significant drops in the oxygen saturation, changes
in cardiac thythm, arousals from sleep and increases in
sympathetic tone due to the apnea. Sleep apnea is a dis-
order in which a person fails to breathe properly during
sleepm. The three types of apnea are obstructive, central
and mixed. OSA is characterized by repetitive collapse of
the upper airway duting sleepw. OSA is cause by either
complete obstruction of the airway (obstructive apnea)
or partial obstruction (obstructive hypopnea), both of
which can cause arousal from sleep. Apnea is defined as
cessation of airflow at both the nose and mouth for at
least 10 s. OSA is defined in clinical and research setting
as the apnea-hypopnea index (AHI = number of total
apnea + number of total hypopnea/total time of sleep
in hours). A person with severe OSA may have more
than 100 waking episodes per hour in a single night. OSA
prevalence is different in different populations.

The prevalence of OSA in habitual snorers is
35%-64% (25% of men and 20% of women in the
normal adult white population) Pl OSA is prevalent but
largely undiagnosed in adults. According to estimates, in
the United States approximately 12 million people be-
tween 30-60 years of age have obstructive sleep apneam.
It is estimated that approximately 4% of men and 2% of
women in the middle age working population suffer from
OSA™. The prevalence of OSA in habitual snorers is re-
ported as 35%-64%'".

A study indicates that about 60%-70% of patients
with OSA are obese!. OSA is independently associated
with insulin resistance™. OSA is more common in men
aged 30-65 years, although it can occur in all age groups.
The prevalence of OSA syndrome (OSAS), which is dif-
ferent from OSA in that it has an additional component
of excessive daytime somnolence, has been reported to
be between 0.3% and 7.5% in the general population in
different studies. Young and colleagues reported the
prevalence of OSAS as 2% and 4%, respectively, for
women and men in the United Kingdom populationm.
Morteover, the prevalence of OSAS in middle-aged men
and women from Hong Kong was reported to be 4.1%
and 2.1%, respectively“oj.

As observed in various studies, with growing urban-
ization and nutrition transition, obesity and metabolic
syndrome (MS) are increasing in Asian Indians"". Asian
Indians are predisposed to develop central obesity! ",
which can predispose them to the development of OSA.
Our group is working extensively on the genetic and
metabolic aspects of obesity 'Y, In the context of OSA,
studies reported in India are mainly on ethnic differ-
ences'! awareness issues!”, relationship of OSA with
heart disease'” and the prevallencel17J of OSA. One ques-
tionnaire-based published study showed a positive fam-
ily history of snoring"® but few studies have been done
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to document the genetic and hormonal aspect in OSA.
Singh e# al™ found that OSA symptoms were prevalent
in 46 patients, with aminotransferase (AST) levels, imag-
ing or biopsy findings suggestive of non alcoholic fatty
liver disease (NAFLD). The prevalence of OSA symp-
toms tends to be even higher (63%) among the subset
of patients whose liver biopsies showed a more advance
disease. Udwadia ez a/'" studied urban men between 35
to 65 years of age presenting to the hospital for a routine
checkup and reported the estimated prevalence of OSA
as 19.5% and that of OSAS as 7.5%.

NAFLD
NAFLD is a spectrum of liver disorders, ranging from
isolated fatty infiltration of the liver to steatohepatitis
(fatty infiltration with accompanying inflammation), to
end stage cirrhosis. Normal liver contains approximately
5 g of lipids per 100 g of wet weight. Hepatic steatosis
(fatty liver) is a term used when lipids, predominantly tri-
glycerides, in liver are more than 5% of the liver weight.
Size and weight of liver increases in the presence of
hepatic steatosis and lipids may then account for up to
as much as 50% of the liver Weight[zo]. Current evidence
indicates that NAFLD is an integral manifestation of
MS which consists of obesity, dyslipidemia, insulin re-
sistance (IR) and hypertension. NAFLD is the most
common form of liver disease in various countries and
is estimated to affect nearly 20%-25% of the population
of developed countries. The prevalence of NAFLD in
type 2 diabetes (T2DM), obesity and dyslipidemia var-
ies from 40%-75%""". Estimates based on imaging and
autopsy studies suggest that about 20%-30% of adults
in the United States and other Western countries have
NAFLD™. Current data suggest that approximate
2%-3% of the same population have nonalcoholic ste-
atohepatitis (NASH)*". The prevalence of NAFLD was
14%-16% in Asians, 31%-33% in African-Americans and
45% among Hispanics, differences partly explained by
different visceral adiposity distribution. NASH affects 3%
of the general population, 20%-30% of the obese and
diabetics and 35%-40% of morbidly obese subjects™.
The data on the prevalence of NAFLD in Asian
populations is limited. Chitturi ez al™ highlighted the
potential burden of NAFLD in the Asia-Pacific area,
with an estimated 1.8 million Asians and at least 400000
Australians with NASH, thus eclipsing the disease bur-
den of hepatitis B and C. In Japan, the gender specific
prevalence of NAFLD was reported to be 3.3% and 3.8%
in the non-obese and 21.6% and 18.8% in obese males
and females, respectivelym. In a hospital-based study in
Taiwan, the prevalence of NAFLD was 36.9% and was
greater in males than in females””. According to our
data from North India, the prevalence of NAFLD was
320",

OSA and NAFLD

Some authors have suggested that OSA may be another
contributor to NAFLD development. Like NAFLD,
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OSA is more prevalent in but not confined to obese in-
dividuals®™. OSA has also been linked to other features
of the metabolic syndrome, including dyslipidemiapo],
IR and hypertensionm. Singh ez al" found that OSA
symptoms were prevalent in 46% of patients with AST
levels. The prevalence of OSA symptoms tended to be
even higher (63%) among the subset of patients whose
liver biopsies showed more advanced disease!”. A case
series of 163 patients undergoing evaluation for OSA
showed that 20% had elevated liver enzymes and that the
presence of severe OSA (AHI > 50) was a far stronger
predictor of elevated liver enzymes than elevated body
mass index (BMI). The presence of severe OSA was also
associated with greater degrees of steatosis, necrosis and
fibrosis on liver biopsy™. Chin ez a/” found that 35% of
obese OSA patients had abnormal AST levels and that
AST levels rose at night in OSA patients prior to therapy.
Furthermore, continuous positive airway pressure (CPAP)
therapy reduced the nighttime rise in AST levels, both im-
mediately and over 1 and 6 mo of CPAP therapy. These
studies demonstrate that, like the MS, OSA is common
in patients with NAFLD and may play some role in its
pathogenesis.

OSA is associated with an increase in liver enzyme
concentrations in 14 of 44 (35%) obese individuals™.
Furthermore, CPAP therapy decreases concentrations
of liver enzymes. In contrast, in a randomized controlled
trial, administration of CPAP for 4 wk had no effect on
liver enzymes"". Jouét ez /™ reported that in morbidly
obese patients who required bariatric surgery, OSA was
found to be a risk factor for increased liver enzyme con-
centrations but not for NASH. However, Kallwitz ef a/”
showed that in obese patients with NAFLD, OSA is as-
sociated with elevated alanine transaminase (ALT) levels
and a trend toward histological evidence of progressive
liver disease. This finding was endorsed by Mishra ez a/””
who showed that in patients awaiting bariatric surgery,
OSA was a risk factor for progression of NAFLD to
NASH. Histopathological evidence has shown that OSA
is associated with NASH and IR. Norman ef o/ showed
that in OSA, serum AST levels were better predicted by
markers of oxygen desaturation than by factors tradition-
ally associated with the metabolic syndrome. Markers
of hypoxia were correlated significantly with AST and
ALT levels, whereas the AHI, BMI, blood pressure, fast-
ing glucose, triglyceride and cholesterol levels were not
significant. Ahmed ez al™ reported that OSA aggravates
NAFLD in the absence of obesity and MS. The presence
of MS and obesity with OSA can aggravate NAFLD.

Genetics of NAFLD and OSA

As with most of the common diseases today, NAFLD
and OSA are considered to be genetically complex dis-
orders. In complex diseases, several or many different
genes interact with environmental factors in determining
disease presence or its phenotype. Individual genes only
have a small effect on disease risk and can therefore be
very difficult to identify. Methods for detecting genes in
complex disorders have included family-based linkage
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studies, hypothesis-based candidate gene allele association
studies, genome wide single nucleotide polymorphism
(SNP) scanning and, recently, microarray and proteomic
studies. Almost all of the data available on genes associ-
ated with OSA and NAFLD has so far come from the
candidate gene association studies, where candidate genes
are usually selected on the basis of their suggested role in
disease pathogenesis, and the frequency of one or more
known SNPs within or close to those genes is compared
in cases and controls in the search for a positive or nega-
tive association with the disease. Asian Indians are pre-
disposed to obesity and hence can be at risk to develop
NAFLD and OSA. Most of the studies carried out in the
Indian context are related to the prevalence of OSA and
NAFLD. We hypothesize that not only environmental
influence but also genetic predisposition makes obese In-
dians susceptible to OSA and NAFLD.

Few genetic studies have been carried out in obese
Asian Indians. A recent paper by Petersen ez o/ de-
scribes an association of two SNPs in apolipoprotein
C3 (APOC3) with NAFLD and IR. Ninety-five healthy
Asian Indian men were genotyped for APOC3 C-482T
and T-455C. NAFLD was present in 38% of APOC3
variant allele carriers and none of the wild-type homo-
zygotes. The association between APOC3 variants and
NAFLD was confirmed in a validation study of 163
healthy non-Asian Indian men. Misra ez a/"" studied the
association of APO-B gene polymorphism with dyslip-
idemia and obesity. Our group reported that TNF alpha
gene polymorphism was significantly associated with
OSA™. We studied 207 obese subjects; 104 with OSA
and 103 without OSA. We found that the frequency of
-308A’allele in TNFq, gene was significantly higher in
obese subjects with OSA (28.8%) when compared with
obese subjects without OSA (12.6%, P = 0.001). Also,
serum TNFa levels were significantly higher in obese
subjects with OSA when compared with obese subjects
without OSA™.

Genetic susceptibility for cardiovascular manifesta-
tions of OSA may be mediated by gene polymorphisms
associated with regulation of body weight, lipid metabo-
lism, inflammatory response and autonomic vascular
function™. The G-allele of a single nucleotide polymot-
phism in the pro-inflammatory II.-6 gene is associated
with 6-fold increased odds of having OSA after adjust-
ment for obesity™,

Hypoxia decreases insulin sensitivity in mice and
might ultimately increase expression of the lipogenic
genes sterol-regulatory element-binding protein-lc, per-
oxisome proliferator-activated receptor-y (PPAR-y), ace-
tyl CoA carboxylase 1 (ACC1) and ACC2. Furthermore,
hypoxia also decreases expression of genes that regulate
mitochondrial  oxidation (e.g., PPAR-q, and carnitine
palmitoyltransferase-1 B,

Gene expression

Microarrays analyses are increasingly being used to evalu-
ate potential molecular signatures of disease!*”. The
advantages are providing a broad unbiased approach to
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study changes in gene expression of thousands of genes
simultaneously and the ability to discover new pathways
and molecules affected by a disease such as OSA™., The
main disadvantage is the cost of this high-throughput
technology. To date, there have been two studies of gene
expression profiling in OSA patients. In the first study in
adults, gene expression was measured both before and af-
ter sleep, albeit in a small sample (4 OSA patients, 4 con-
trols), therefore allowing for the assessment of overnight
changes in gene expressionm.

Zheng et al*” identified the role of micro ribonucleic
acid (miRNA) in regulating the steatosis level by directly
targeting PPAR-o0c mRNA in a steatotic LO2 cell model.
This newly-identified miRNA-10b-PPARq-steatosis
pathway provides a new clue that the pathogenesis of ste-
atosis formation in NAFLD and miRNA-10b might be-
come the potential target for the treatment of NAFLD.
Ma et a/™ showed that the expression of miRNA-10b
was induced by the transcription factor Twist through
directly binding to the putative promoter of miRINA-10b
(MIRN10B). Moreovet, previous reports demonstrated
that PPARq exerted its influence on hepatic lipid me-
tabolism through activating genes encoding for fatty acid
oxidation, lowering the hepatic substrate for triglyceride
synthesis by limiting its output from other organs and
upregulating the level of malonyl-CoA decarboxylase to
increase translocation of fatty acid into mitochondria
for oxidation™. Therefore, the potential regulatory axis
Twist-miRNA-10b-PPARq-downstream effector mol-
ecule-hepatic lipid metabolism might play an important
role in the pathogenesis of NAFLD.

OSA, NAFLD and insulin resistance

Obesity is associated with an increased risk of develop-
ing IR and T2DM". Unlike obesity which is clinically
obvious, the diagnosis of IR is often missed for many
years and patients present to a wide variety of specialists,
including endocrinologists, diabetologists and internists.
On a population-wide basis, severe obesity is by far the
commonest cause of IR. Daltro ez a/”" reported that
OSA was associated with IR but not with the severity of
NASH.

One of the consequences of obesity and IR is NAFLD.
Studies suggest that OSA may also contribute to the pro-
gression of NAFLDP"*, NAFLD includes a spectrum
of disease severity, ranging from steatosis without inflam-
mation to NASH and liver cirrhosis®. Day ez o/ proposed
a “two-hit” model to explain the evolution of NAFLD.
The “first hit” involves the accumulation of triglyceride in
hepatocytes and has been specifically attributed to obesity
and IR. The “second hit” induces progression of hepatic
steatosis to NASH.

OSA, NAFLD and inflammation

Obesity and OSA have been independently associated
with metabolic dysfunction and systemic inflammation.
OSA causes low-grade inflammation and hypercytokin-
emia. Severe obesity leads to chronic inflammation which
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has been implicated in poor cardiovascular outcomes'™

In mice with diet-induced hepatic steatosis, but not in
mice with normal livers, increases in liver levels of proin-
flammatory cytokines IL-1f3, 1L-6, macrophage inflam-
matory protein-2, and TNFq, as well as ot1(I) collagen and
indices of lobular inflammation and fibrosis are seen®.

Chronic inflammation is indicated by an increased
expression of proinflammatory cytokines and elevated
infiltration of macrophages into adipose tissue. In recent
years, it has become clear that obesity also gives rise to
a heightened state of inflammation. The link between
obesity and inflammation has been further illustrated by
the increased plasma levels of several proinflammatory
markers, including cytokines and acute phase proteins
like hs-CRP in obese individuals®™. Although increased
visceral fat”” and adipocyte hypertrophy have been linked
to a higher degree of adipose inflammation, until recently
the exact pathways leading to a proinflammatory state of
adipose tissue in obese individuals remained unidentified.
Recently, much attention has been diverted to the role of
macrophages. The inflammation markers (IL.-6 and CRP)
are increased in the plasma and reduced after improve-
ment of breathing by surgery in OSA patientsm.

Oxidative stress

OSA is characterized by apnea-related multiple cycles of
hypoxia which is accepted to promote the formation of
ROS and induce oxidative stress””. The imbalance be-
tween oxidant-producing systems and antioxidant defense
mechanisms determine oxidative stress, which results in
excessive formation of ROS or RNS. Otrdinarily, main-
tenance of homeostasis is provided by this tightly regu-
lated balance system. The superoxide anion radical is the
predominant ROS molecule. In particular, of importance
in the vasculature is the reaction of superoxide with the
powerful vasodilator NO, which promotes the formation
of peroxynitrite while diminishing the bioactivity and
bioavailability of NO. This activity is a major contributor
of oxidative stress in the vasculature and hence greatly
affects endothelial function, vascular inflammation and
atherosclerosis.

Some studies have demonstrated increased lipid
peroxidation and generation of ROS by blood cells in
OSA™. Vasoreactivity in OSA can be improved by an-
tioxidants such as ascorbate and allopurinol, suggesting
that oxidative stress contributes to endothelial dysfunc-
tion®. The reoxygenation/reperfusion phase of the
hypoxia/reoxygenation cycle appeats to promote pro-
duction of ROS, leading to oxidative stress in OSA"",
Barcel6 e a/* reported an alteration in antioxidant ca-
pacities, with a reduction in total antioxidant status (T'AS)
and a decrease in vitamin A and vitamin E levels in OSA
patients. In the same study, CPAP treatment normalized
TAS.

Oxidative stress, due to increased generation of ROS
and decreased antioxidant defenses, is observed in human
and experimental models of steatohepatitism. Enhanced
mitochondrial and microsomal fatty acid § oxidation, cy-
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tochrome P450 (CYP) 2E1 induction and leukocyte infil-
tration can all lead to oxidative stress. Several groups have
studied markers of oxidative stress in liver samples, as
well as plasma samples from subjects with NAFLD and
NASH. Thus, oxidative stress may contribute to the de-
velopment of both steatosis and steatohepatitis, although
in some studies, in the latter condition the level of oxida-
tive stress markers is higher than simple steatosis alone.

Treatment

Treatment of patients with NAFLD and OSA has typi-
cally been focused on the management of associated
conditions such as obesity, diabetes mellitus, hyperlipemia
and cardiovascular disease. Weight loss has been shown
to improve insulin sensitivity and NASH may resolve
with weight reduction. IR seems to be the common de-
nominator in many cases of NAFLD and OSA. Differ-
ent modalities of treatment have been advocated for the
management of OSA and NAFLD. These include life-
style modifications and weight reduction, CPAP therapy,
insulin sensitizer drugs and bariatric surgery.

Life style modifications and weight reduction

Weight gain is a significant risk factor for the develop-
ment of NAFLD and OSA. In the vast majority of OSA
cases the illness can be improved, if not eliminated, with
significant weight loss. However anatomic abnormali-
ties may cause the condition to persist. The amount of
weight a patient needs to lose to achieve these benefits
varies. Some may need only a modest reduction in weight
to gain improvement, while others may require significant
weight loss. It is usually not necessary to slim down to an
“ideal body weight” to achieve these benefits.

As NAFLD is most commonly associated with obe-
sity, weight loss is a reasonable initial step towards treating
this condition. The theotetical advantages of weight loss
include decreasing insulin resistance and, if combined
with exercise, increasing muscle insulin sensitivity. Weight
reduction has been clearly associated with improvement
in liver biochemical tests and prevention of hepatic injury.
One study indicated that moderate amounts of weight
loss as well as exercise were associated with improvement
in insulin sensitivity and thus logical treatment modalities
for patients with NAFLD who are overweight or obese'.

Continuous positive airway pressure therapy

CPAP is an effective therapy for OSA. The CPAP ma-
chine sends air under pressure through the tube into the
mask, where it imparts positive pressure to the upper
airways. This essentially acts as “splints” and keeps the
upper airways open and prevents them from collapsing,
CPAP is the most commonly prescribed treatment for
OSA. The advantages of CPAP are that it is safe, com-
pletely reversible and generally quite well tolerated. Chin
et al” reported that CPAP therapy reduced the nighttime
rise in aminotransferase levels, both immediately and
over 1 and 6 mo of therapy. Another study indicated that
CPAP treatment may also be helpful in reducing elevated
biochemical and liver enzyme levels in people with both
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NAFLD and OSA™.

Drugs

As we previously described, IR is associated with
NAFLD and OSA. Therefore, treatment strategies tar-
geting IR are becoming increasing popular. Thiazolidin-
ediones improve insulin sensitivity in adipose tissue by
activating the nuclear transcription factor peroxisome-
proliferator activated receptor'®. Improvements in IR
and biochemical and histological parameters have been
noted in a number of studies".

Metformin is a biguanide, a class of oral hypogly-
cemic drugs with insulin sensitizing properties. It acts
by decreasing the hepatic glucose output, increasing the
insulin mediated glucose utilization in peripheral tissues,
and lowering the serum free fatty acid concentrations.
Metformin was associated with a significantly higher nor-
malization of serum ALT and an improvement of liver
echographic response was also seen. Additionally, an im-
provement of fatty infiltration was observed in a limited
number of patients who underwent liver biopsiesm. Sev-
eral smaller clinical studies initially reported improvement
in serum aminotransferase levels and IR after 6 mo of
treatment; although after 1 year of treatment there was
no clear effect on aminotransferase levels, liver histology
and insulin sensitivity.

Bariatric surgery

Bariatric surgery is currently being recommended for
morbidly obese patients®”. Except for jejunoileal bypass
surgery which has been largely abandoned, all the other
types of bariatric surgical techniques seem to decrease
excess body weight by at least 50%. Overall, patients
undergoing bariatric surgery (regardless of the type of
intervention) showed an average reduction of 15 kg/m’
in BMI and 36 events/h in the AHI, suggesting that ev-
ery 1 unit reduction in BMI translated to a reduction of
2.3 units in the AHL Lettieri e a/*” reported that surgical
weight loss reduces AHI but many patients had residual
OSA 1 year after bariatric surgery. Bariatric surgery may
be an alternative treatment of severe or complicated obe-
sity. Important and sometimes impressive changes have
been noted in cardiovascular risk factors, metabolic mark-
ers and OSA sevetity.

Historically, there is a reduced prevalence and severity
of liver disease after bariatric surgery. Previous studies
indicate that bariatric surgery decreases concentrations
of liver enzymes and the degree of hepatic steatosis. The
effect on hepatic inflammation and fibrosis has been
more variable!”. In a recent meta-analysis consisting of
15 studies and 766 paired liver biopsies, Mummadi ez a/*"
showed that all components of NAFLD show significant
improvement following foregut bariatric surgery.

CONCLUSION

OSA is associated with NAFLD in animals and humans.
Importantly, OSA can aggravate the development of
NAFLD to NASH in obese individuals or those with

July 28,2014 | Volume 4 | Issue 2 |



Bhatt SP et a/. OSA and NAFLD in Asian Indians

metabolic syndrome. OSA might induce NAFLD in the
absence of obesity and metabolic syndrome and the link
with hypoxia might be instrumental in precipitating fatty
liver development. Several epidemiological studies have
demonstrated that sleep related disorders are an indepen-
dent risk factor for obesity and hypertension, probably
resulting from a combination of intermittent hypoxia
and hypercapnia, arousals, increased sympathetic activity
and altered baroreflex control during sleep. Additionally,
arterial hypertension, obesity, T2DM and coronary artery
disease which often coexist with OSA are independent
predictors of left ventricular dysfunction. Some authors
have suggested that OSA may be another contributor
to NAFLD development. NAFLD and OSA are more
prevalent in but not confined to obese individuals. OSA
has also been linked to other features of the metabolic
syndrome, including dyslipidemia, IR and hypertension.
The presence of severe OSA was also associated with
greater degrees of steatosis, necrosis and fibrosis on liver
biopsy. Hypoxia from OSA has been associated with se-
rum markers of liver fibrosis.

The genetic and hormonal determinants of OSA and
NAFLD have received little attention. A wide variety of
intermediate phenotypes and genes are involved in sleep
apnea and fatty liver which makes this syndrome geneti-
cally complex. In a linkage analysis study, genes associ-
ated with obesity were shown to be relevant for further
study of OSA and NAFLD. With growing urbanization
and nutrition transition, obesity and MS are increasing in
Asian Indians. Although these diseases are multifactorial,
genetic associations and hormonal determinants have
been suspected but not researched. The interplay of vari-
ous adipokines, the most important of which are leptin,
adiponectin, TNFa, resistin and IL-6, has a key role in
this process. Oxidative stress may contribute to the de-
velopment of NAFLD and OSA. Clinical studies suggest
that serum levels of the above cytokines differ among
patients with NAFLD/NASH, OSA and healthy controls.
Importantly, individuals with OSA require a full evalua-
tion of their CVD risk and clinicians should be aware that
these individuals are also at increased risk of NAFLD. It
is important to investigate these issues in view of the large
burden of IR, MS and coronary heart disease in Asian
Indians. We feel strongly that supports a relationship be-
tween OSA and NAFLD. Further studies are needed to
clucidate the precise nature of this relationship.

Lifestyle intervention should be first line treatment
for all NAFLD and OSA patients. Several drugs aim to
improve metabolic syndrome but need further investiga-
tion on their exact anti-steatotic effect. The most prom-
ising drugs are the insulin sensitizers but most studies
have a small sample size and have been done for a short
duration only. Bariatric surgery may improve conditions
associated with metabolic syndrome, OSA and NAFLD
in morbidly obese patients. There is currently no well
established treatment for patients with NAFLD and
OSA. Whether newer drugs will emerge which can treat
both NAFLD and OSA together is unclear and needs
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Abstract

Spirometry is one of the functional tests most used in
respiratory medicine to assess lung function in health
and disease conditions. Its success is grounded on solid
principles of lung mechanics that state that maximal
flow on expiration is limited by the physical properties
of airways and lung parenchyma. In contrast, on in-
spiration, flow depends on the force generated by the
inspiratory muscles. Reduced expiratory forced flow
and volumes usually reflect a deviation from health
conditions. Yet due to a complex interplay of differ-
ent obstructive and restrictive lung diseases within
the multiple structural dimensions of the respiratory
system, flows and volumes do not always perfectly
reflect the impact of the disease on lung function. The
present review is intended to shed light on a series of
artefacts and biological phenomena that may confound
the clinical interpretation of the main spirometric mea-
surements. Among them is thoracic gas compression
volume, the volume and time history of the inspiratory
manoeuvre that precedes the forced expiration, the
effects of heterogeneous distribution of the disease
across the respiratory system, and the changes in lung
elastic recoil.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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ume; Volume history effects of the deep breath; Time
history effects of the preceding inspiratory manoeuvre;
Ventilation heterogeneities; Lung elastic recoil; Clinical
interpretation

Core tip: Spirometry is usually taken as a marker of the
disease and its progression independently of the condi-
tion. In the present review we partly challenge this no-
tion by examining the role of different obstructive and
restrictive lung diseases on a series of mechanisms that
strongly affect the main spirometric parameters. Among
them is thoracic gas compression volume, the volume
and time history of the inspiratory manoeuvre that
precedes the forced expiration, the effects of heteroge-
neous distribution of the disease across the respiratory
system, and the changes in lung elastic recail.

Antonelli A, Pellegrino GM, Sferrazza Papa GF, Pellegrino
R. Pitfalls in spirometry: Clinical relevance. World J Respirol
2014; 4(3): 19-25 Available from: URL: http://www.wjg-
net.com/2218-6255/full/v4/i3/19.htm DOI: http://dx.doi.
org/10.5320/wjr.v4.i3.19

INTRODUCTION

Current knowledge of the mechanisms determining
forced expiratory flows and volumes in respiratory dis-
eases is still incomplete. According to the principles of
lung mechanics, maximum ventilation is achieved by acti-
vating the respiratory muscles to overcome resistive, elas-
tic and inertial forces of the respiratory systemmj. Dur-
ing a forced inspiratory manoeuvre flow reaches a peak
at about 50% of vital capacity (VC) because this is the
volume at which the difference between the pleural pres-
sure generated by the force of the inspiratory muscles!”
and the elastic, resistive and inertial pressures is maximal.
Reducing inspiratory effort causes a parallel decrease in
flow, which suggests that maximum inspiratory flow is
limited by the force of the inspiratory muscles. Narrow-
ing of extra- or intra-thoracic central airways may also
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Figure 1 Relationship between maximum flow, volume and pleural pres-
sure. Left panel: Flow-volume curves during inspiratory and expiratory ma-
noeuvres. The arrows indicate the volume at 75%, 50%, and 25% vital capacity;
Right panel: flow and pleural pressure (Ppl) relationships during expiratory
manoeuvres at different lung volumes. At 25% and 50% vital capacity (VC) flow
plateaus at different pressures (oblique arrows). In contrast, at 75% VC flow
keeps increasing with the increase of pressure. The lack of increased expiratory
flow at 25% and 50% VC despite the increase in Ppl supports the concept of
expiratory flow limitation.

contribute to limiting inspiratory flow. During a forced
expiration, flow depends on the mechanical properties of
airways and lung over most of VC rather than the expira-
tory effort. A peak expiratory flow (PEF) is on average
achieved in less than 120 ms after the start of the expi-
ratory effort. Thereafter, flow decreases almost linearly
with lung volume. That expiratory flow is limited during
forced expiration can be demonstrated by plotting flow
vs transpulmonary pressure at iso-volume: flow increases
monotonically with pressure at high lung volume but
then reaches a plateau at mid-to-low lung volumes (Figure
1). Several theories have been proposed to explain the
phenomenon of expiratory flow limitation (EFL).

The equal pressure-point theory' predicts that during
forced expiration, the driving force for flow, ze., alveolar
pressure (Palv), decreases with decreasing lung volume to
a point at which it equals pleural pressure (Ppl). This is
called the equal pressure point (EPP). Under these con-
ditions, the airways tend to collapse. Downstream from
this segment, the airways will oscillate between different
physical configurations depending on the fluctuation of
intrabronchial relative to extrabronchial pressure. When
this condition is achieved, flow becomes maximal and
cannot increase no matter how the expiratory effort is
increased or pressure at the mouth is lowered. The EPP
first develops within the intrathoracic trachea and then
shifts to the sublobar or segmental bronchi with the de-
crease in Palv. This model allows partitioning the airways
located upstream from the EPP where flow is determined
by Pel and upstream resistance, thus reflecting most of
the structural changes occurring with lung diseases, and
those lying downstream from the EPP where flow is con-
trolled by central airways resistance.

Permutt ¢ a/” interpreted the EFL on the basis of
a Starling resistor. In brief, with the gradual decrease of
Palv when gas moves from the alveoli to the mouth, there
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will be a time when Palv decreases and reaches a critical
value similar to Ppl. The collapsible segment will then
narrow and self adjust in size in a way that inlet pressure
equals Ppl and outlet pressure is determined by flow and
resistance of the downstream segment.

More recently, the EFL phenomenon has been in-
terpreted on the ground of the pressure-area (P-A) rela-
tionship and Bernoulli effect. The concept here is that
choke points (CP) form during a forced expiration de-
pending on elastic properties of the airways and pressure
loss necessary to accelerate gas from a large surface (al-
veoli) to central airways. As a result, the higher the airway
size and stiffness of the airway wall at the CP the higher
maximum flow and vice versa.

Recognition that maximum expiratory flow depends
on the physical properties of the lung and airways up-
stream from the CP represents the most solid rationale
for using spirometry in clinical practice and research to
assess and locate the structural changes caused by respira-
tory diseases. Noninvasiveness of the technique, easiness
to perform the manoeuvre, low cost of instrument, and
standardization of the technique with reference equa-
tions explain the widespread use of spirometry around
the world!”.

If all this fully supports the use of spirometry in re-
spiratory medicine, the last two decades however, have
brought to light a series of artefacts that may confound
the interpretation of the spirometric signals and data in
different respiratory diseases.

THORACIC GAS COMPRESSION VOLUME

During a forced expiration, the effort causes an increase

in Palv that exceeds the pressure necessary to gener-
ate maximal flow”". This is a function of absolute lung
volume and airflow resistance. As a result, part of the
thoracic gas is compressed and the forced expiratory vol-
ume in 1 s measured at the mouth by spirometry (FEV1)
is therefore less than that simultaneously measured from
the changes in a body plethysmograph (FEVi-pr) which is
void of the effects of thoracic gas compression (Figure
2, upper panel). This phenomenon results in a negative
effort-dependence of FEV1 and is clinically relevant for
interpretation of lung function in disease as well as the
changes occurring with medical interventions on airways
or lung volume”. On average, in healthy subjects the
difference between FEVirL and FEV:1 is about 4%,
However, in obstructive lung diseases this may reach
values up to 100%" depending on airflow resistance
and amount of intrathoracic gas. A typical example is
shown in Figure 2, lower panel. This phenomenon is
clinically relevant for interpretation of lung function in
disease and with medical interventions on airways or lung
volume. Unpublished data from our Lab show that for
a given airflow resistance, the FEV1 in Chronic obstruc-
tive pulmonary disease (COPD) is significantly higher
in the patients with predominant bronchiolitis than em-
physema. This is because in emphysema absolute lung
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Figure 2 Effects of thoracic gas compression volume on spirometry. Flow
at the mouth is plotted against volume integrated from the flow signal (continu-
ous line) or measured in a volume-compensated body plethysmograph (dashed
line). The FEV1 at the mouth (FEV1) and in the plethysmograph (FEVisL) are
indicated. The volume difference between the loops is the volume compressed
within the chest wall during the forced expiratory manoeuvre (TGCV) and that
does not contribute to the exhaled gas. Upper panel refers to a normal subject.
The difference between FEV+.r. and FEV1 is 3%. Lower panel refers to a patient
affected by chronic obstructive pulmonary disease with prevalent emphysema.
TGCV is very large because of lung hyperinflation in addition to airflow obstruc-
tion. FEV1-rLis 79% greater than FEV:.

volume is higher than in chronic bronchitis. It follows
that grading the disease on the FEV1 as suggested by
current international guidelines may lead to overestimate
the severity of airflow obstruction in emphysema com-
pared to chronic bronchitis and, as a result, overload the
patients with inappropriate kind and amount of medica-
tions. In a recent study, Sharafkhaneh ez a/'" reported
that inhaling a bronchodilator agent was associated with
a significant decrease in thoracic gas compression volume
during forced but not tidal expiratory manoeuvres. This
was due to a decrease in lung resistance and dynamic
hyperinflation, and accounted for 23% of the increase in
FEV1, thus seriously confounding the interpretation of
the dilator response based on the FEV1. In other words,
the FEV: significantly overestimated the number of posi-
tive bronchodilator responses. In another study, the same
group showed that 40% of the increase in the FEV1 after
lung volume reduction surgery was explained by the de-
crease in thoracic gas compression volume (TGCWV)™,
Very recently, we examined the relationship between
bronchial responsiveness or reversibility tests using FEV1
and height and sex, which are major determinants of
lung volume. Airway responsiveness to methacholine
was assessed in 54 asthmatics; bronchodilator response
to salbutamol was assessed in 55 subjects with reversible
airflow obstruction. The methacholine provocative dose
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was significantly greater using FEVirr than FEV1, with
this difference being significantly correlated with alveo-
lar pressure, total lung capacity and height, and larger in
males than females. Of the 55 subjects who responded
to salbutamol with an increase of FEV1 > 200 mL and >
12% of control, 28 did not show an increase of FEVipr
above these thresholds. These subjects were significantly
taller, predominantly males, with larger total lung capacity
(TLC) and greater alveolar pressure than their counter-
part. Thus, it appears that the bronchoconstrictor and
bronchodilator responses are overestimated by standard
spirometry in subjects with larger lungs because of the
large TGCV.

Taken together, these findings strongly suggest that
any changes in lung volume and/or airflow resistance no
matter how they are achieved significantly confound the
interpretation of the classical spirometric parameters.

VOLUME HISTORY EFFECTS OF THE
DEEP BREATH

A second major factor that importantly affects spirom-
etry is the full breath taken prior to full expiration. This
was first desctribed in 1961 by Nadel e7 ™ in healthy
subjects exposed to a constrictor agent. Taking a deep

breath reversed the increase in airway resistance!”. Sub-
sequent studies proved that forced expiratory flow was
higher during a maximal than a partial manoeuvre started
from lower lung volume, and this increased with the se-
verity of airway narrowingm’ls]. This effect on flow was
also associated with a decrease in residual volume, sug-
gesting that volume history modulates not only airway
narrowing but also closure!”. Studies conducted in asth-
matics exposed to a provocative agent documented an
increase in maximal compared to partial flow, thus sug-
gesting bronchodilatation. Yet this was remarkably less
than in healthy subjects. During natural asthma attacks
indeed, the deep breath did not relieve bronchospasm or
caused even more narrowingm. Similar responses were
reported in coprD". Reducing bronchial tone with a
B2-adrenoceptor agonist prevented maximal flow from
increasing as much as partial flow, suggesting some mod-
ulation of airway tone by deep breath!"”. Reducing airway
inflammation in asthma with inhaled steroids restored the
bronchodilator effect of deep breath™. Thus, depending
on the kind and severity of disease and medical interven-
tions, the spirometric indexes are affected by the deep
breath preceding the forced expiratory manoeuvre. Typi-
cal examples are shown in Figure 3.

In few asthmatic patients, taking one or more deep
breaths may cause airway narrowing as suggested by im-
portant decrements of FEV:®". This phenomenon was
attenuated by a voltage-dependent Ca” -channel blocker,
thus suggesting a myogenic response triggered by stretch-
ing airway smooth muscle cells.

These findings fuelled interest on the mechanisms
causing airway narrowing, Based on the relative hysteresis
hypothesis of Froeb ez al”, the airways dilate on inspi-
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Figure 3 Examples of the effects of the deep breath on maximum flow and volume depending on the disease condition. Continuous and dashed lines are
maximal and partial flow-volume loops, respectively. Upper left panel is a normal case. The slight increase in flow after DB suggests a decrease of normal bronchial
tone presumably provided by the vagus nerve. Upper right panel is the case of a mild asthmatic subjects during a bronchial challenge. The increase in flow after the
deep breath indicates that a substantial part of the constrictor response to the chemical agent is ablated with DB. Lower left panel is the case of a patient affected by
chronic obstructive lung disease in which taking a DB is associated with a decrease of flow. This is presumably due to the involvement of the peripheral lung regions
that contribute to the lung elastic recoil and/or loss of airway-to-parenchyma interdependence. Lower right lung is the case of an asthmatic subject before and after (red
and balck lines, respectively) inhaling a bronchodilator agent. Isovolume flow measured during manoeuvres initiated from mid lung volumes (dashed lines) is higher
than flow after a maximum lung inflation (continuous lines).

ration as a result of the increase in lung elastic recoil.
However, because both airways and lung parenchyma are

imperfect elastic materials, part of the energy stored on TIME HISTORY EFFECTS OF THE
inspiration is dissipated on expiration. If this is the same PRECEDING INSPIRATORY MANOEUVRE

for airways and lung parenchyma, then airway calibre
and thus flow at a given lung volume will be the same on
inspiration and expiration. If in contrast, it is the airways
that mostly dissipate energy during cycling rather than
lung parenchyma, then airway calibre will be larger on ex-
piration than inspiration and the opposite will happen if
pressure dissipates more within lung tissue than airways.
This theory would suggest that the bronchodilator effect
of the deep breath during induced bronchoconstric-
tion might be the result of a decrease in airway smooth
muscle tone when stretched by a large breath. Conversely,
reducing airway smooth muscle tone by inhaling bron-
chodilators would reduce airway smooth muscle pressure
dissipation, thus causing maximal flow to be less than
partial flow: Similarly, an increase in airway wall stiffness
due to chronic remodelling processes would prevent the
airways from distending with large breaths. Finally, loss
of pressure within lung parenchyma would result in a re-
duction of maximal below partial flow, though the under-
lying mechanisms at tissue or cellular level are unknown. VENTILATION HETEROGENEITIES
Altogether, these findings point out to the disease con-
dition and severity as crucial modifiers of bronchial tone
after a deep breath and thus classical spirometric indexes.

Duration of the full inspiration preceding the forced
expiratory manoeuvre also plays some role on the ma-
jor spirometric indexes in different conditions such as
health®" airflow obstruction”* cystic fibrosis”",
and interstitial lung disease””. In brief, under all these
conditions, increasing the duration of the inspiratory
manoeuvre and end-inspiratory pause is associated with a
decrease in PEF and FEV1 that is about 20%-30% com-
pared with fast manoeuvres with no pause at maximal
lung inflation. Loss of lung elastic recoil with the slow
inspiratory manoeuvres has been suggested as the mecha-
nism underlying the decrease in flow, though recruitment
rate of closed or near closure airways might also play a
role. The time history of the forced expiratory manoeu-
vres assumes clinical relevance mostly when inspiration is
severely slowed down as a result of inspiratory muscles
fatigue or severity of airway narrowing.

Normal lungs exhibit structural and functional heteroge-
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healthy subject (dashed lines) and a patients affected by pulmonary fibro-
sis (continuous lines). Upper panel: transpulmonary pressure (Ptp) is plotted
vs lung volume; Lower panel: flow is plotted vs volume. With the increase in
Ptp, maximal flow increases. This compensates for the decrease in FEV1 ex-
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"I that contribute to modifying maximal flows
and volumes.

For instance, central airways obstruction causes a de-
crease in maximum flow at high lung volume and a shift
of the choke point to low lung volume™". This is because
airway calibre, wall compliance, or both are reduced. Vital
capacity is not reduced under these conditions because
small airways are not affected by the disorder. In contrast,
increasing petipheral airway resistance will cause flow to
decrease over the entire range of lung volume, and choke
point to shift to higher lung volume. This is because fric-
tional and/or convective pressure losses are increased with
a resulting decrease in transmural pressure and airway area
at choke point. Forced vital capacity is reduced, because
small airways tend to close at increased lung volume.

Also parallel ventilation inhomogeneities tend to re-
duce forced expiratory flow, but this effect appears to be
less important compared to the above discussed in series
heterogeneities. The idea is that they may be somewhat
counterbalanced by compensatory mechanisms. This was
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investigated by Solway ez al’ with the use of an electrical
analogue. By introducing different types of parallel inho-
mogeneities, the Authors produced multiple axial choke
points. Surprisingly however, flow-volume loops exhib-
ited near normal configurations. The interpretation was
that lung regions with higher driving pressure emptied
faster, thus contributing to maintaining overall ventilation
near normal. Wilson ¢z a/” examined flow at the junction
of two tubes emptying with different driving pressures
upstream from the flow-limiting segment. Flow from the
region with higher driving pressure was higher than flow
from the region with lower driving pressure, thus sug-
gesting a sort of mechanical compensatory mechanism
keeping ventilation near normal during forced emptying,
McNamara ¢t al”? measured alveolar pressure in excised
dog lungs with the help of alveolar capsules. Despite ap-
preciable pressure differences between regions, expiratory
flow-volume loops were normal or near normal. All this
provides evidence of different kinds of flow interdepen-
dence between and within lobes that mask the effect of
parallel heterogeneity on lung emptying;

In conclusion, serial heterogeneities appeat to af-
fect the main spirometric parameters more than parallel
heterogeneities. This might help explain why in the early
stages of obstructive or restrictive lung diseases that are
characterized by heterogeneous ventilation, spirometry is
still normal or near normal despite the presence of initial
structural damage.

LUNG ELASTIC RECOIL

Lung elastic recoil is one of the major determinants of
maximum flow as anticipated in the introductory sec-
tion of this review. If in emphysema the decrease in Pel
is reflected by a decrease in FEV1, the increase in Pel in
interstitial lung diseases is not associated with an increase
in FEV1. This is because of a reduction in lung volume.
However, examining maximum flow as a function of

absolute lung volume will show that for any given lung
volume, flow is higher than predicted value because of
the increase in Pel™ (Figure 4). In patients with com-
bined emphysema and pulmonary fibrosis”” the decrease
in flow and thus FEV: due to emphysema is usually
well compensated by the increase in lung recoil due to
pulmonary fibrosis. As a result, the FEV1 is still normal.
Under these conditions, TL.C will also be normal because
the loss of alveolar units due to pulmonary fibrosis is
compensated by the increased enlarged emphysematous
airspaces.

DYSANAPTIC LUNG GROWTH

In childhood, the airways and lung parenchyma usu-
ally grow proportionally so that in adulthood the FEV1
will be about 80% of VC. In a small number of healthy
young adults however, the FEV1 is normal, but the ratio
of FEV1 to VC is surprisingly below normal range. In a
recent study””, it was reported that about 20% of these
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cases had a history free of any respiratory symptoms or
diseases and no abnormalities could be detected even
with additional pulmonary function tests. The pattern is
consistent with asynchronous development of airways
and air spaces during the early stages of life™ with
some individuals having lung parenchyma disproportion-
ally growing faster and to a greater extent than airways.
Among the hypothetical mechanisms, natural events such
as intense physical activity or disease conditions occurting
before definite maturation of the respiratory system have
been reported. Under these conditions, it is suggested
that the subjects undergo further functional evaluation to
exclude a disease condition.

CONCLUSION

Spirometry is one of the most used tests in medicine and

research because of its good sensitivity to detect pulmo-
nary function defects, easiness and noninvasiveness of
the manocuvre, standardisation of the technique, and low
cost of the instruments. Yet, it must be acknowledged
that many factors significantly contribute to amplify or
blunt its changes in disease conditions. As the FEV1 and
VC are the classical parameters used by current guidelines
for the diagnosis of pulmonary defects and severity grad-
ing, spirometry should always be included within a panel
of functional tests capable of thoroughly examining lung
function within its whole volume and time domains.
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Abstract

Pulmonary alveolar microlithiasis (PAM) (MIM265100)
is a rare disease characterized by the diffuse deposit
of microlithiasis in alveolar spaces. PAM could occur
worldwide with high prevalence in Asia and Europe.
Familial occurrence indicates its autosomal recessive
trait and the SLC3442 gene was identified as the re-
sponsible gene for the disease. In spite of the versatile
mutation sites in patients from other countries, exon 7
and exon 8 might be the most liable gene in Chinese
and Japanese patients. Most mutations caused the pre-
mature termination of proteins and produced truncated
proteins, leading to the blocking of the recycling and
degrading of outdated surfactant which is full of phos-
pholipids. The most outstanding clinical feature of PAM
is the discrepancy between the paucity of symptoms
and the degree of pulmonary involvement. Diagnosis is
easy to establish based on typical chest radiograph im-
age and nuclear medicine improves its early diagnosis
and active evaluation. Pathology of the unique intra-
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alveolar lamellar microliths gives strong support for
diagnosis. No effective treatment is considered valid
currently. However, lung transplantation is effective for
advanced-stage patients, and long term treatment of
disodium etidronate seems promising.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pulmonary alveolar microlithiasis; SLC34A2;
Mutation; Chest computed tomography; Treatment

Core tip: Pulmonary alveolar microlithiasis (PAM) is a
rare disease and lack of enough acknowledgements.
The present review provides a comprehensive descrip-
tion on the latest progress in the genotype and treat-
ment of PAM. SLC34A2 is identified as the responsible
gene and its mutation in patients from different coun-
tries has showed versatile symbols, whilst Chinese and
Japanese patients only involved exon 7 and exon 8.
The diagnosis of PAM could be established on typical
chest radiograph image. Though currently no effec-
tive regimens are valid to cure the diseases, long term
treatment of disodium etidronate seems promising.

Wang HY, Zhou NY, Yang XY. Update on diagnosis and treat-
ment of pulmonary alveolar microlithiasis. World J Respirol
2014; 4(3): 26-30 Available from: URL: http://www.wjg-
net.com/2218-6255/full/v4/13/26.htm DOI: http://dx.doi.
org/10.5320/wjr.v4.i3.26

INTRODUCTION

Pulmonary alveolar microlithiasis (PAM) (MIM265100)
is a rare disease characterized by the diffuse deposit of
microlithiasis in alveolar spaces'. Ever since its first de-
scription by Malpighi in 1686 and nomination by Puht'”
in 1933, cases of PAM have been reported all over the
world successively, including several reviews with large
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size of cases””. Those reports play an important role in
the acknowledgement of epidemiological, pathological,
radiological and clinical feature of PAM. However, those
reviews usually only collected cases written in English
for analysis, and many cases such as Chinese patients
that written in local language were unfortunately ignored.
Thus the recognition of PAM is unavoidably biased.
Moreover, the recent identification of the responsible
gene, SL.C34.A42, and update of long term follow-up
sheds new light on its genetic etiology and therapy. The
present review summarizes the recent findings of the dis-
ease mainly focusing on genetic etiology, clinical diagnos-
tic methods and therapy regimen, together with the data
from Chinese patients of PAM, aiming to provides more
comprehensive view of PAM.

UPDATE ON EPIDEMIOLOGY

PAM occurs worldwide. According to Mariotta’s report
in year 2004, in which 576 cases in international literature
from 51 countries were reviewed, Europe was the most
prevalent continent and Turkey had the highest number
of PAM patientsm. Whereas the prevalence in Asia was
severely underestimated for many cases published in lo-

cal journals were unavailable for analyzing. For example,
Tachibana ez al” reported 105 cases in Japan by year
2001, while only 32 cases were obtained in international
literature. The same condition happened in Chinese data,
even mote severe. Recently, we searched Chinese cases of
PAM and obtained 200 cases since the first cases report-
ed in 1965. Combined with Tachibana’s data, it seems the
prevalence of PAM in Asia is actually significantly higher
than Europe and China is also one of the countries pre-
dominated with PAM. Yet, no evidence demonstrates
regional clustering of patients in China either.

Average familial occurrence is about one third of 576
cases”. Whilst, the ratio is significantly higher in those
countries with high number of cases, such as Japan (50%
of 111 cases)”, Turky (48% of 52 cases)", Ttaly (43.7%
of 48 cases)"” and China (56% of 200 cases). The feature
that those familial patients are horizontal siblings from
inbred families strongly indicates its autosomal recessive
trait. However, even putting into the consideration of
the low rate of family screen, there still are large parts of
sporadic patients.

The age at diagnosis of PAM varied from neonatal
to cighties. But most patients are found at the second or
third decade. Japanese patients are the youngest group
with 52.3% under 15", the mean age of patients in other
countries are at twenties. And Chinese patients showed
10-year delay of age at diagnosis, which is probably due
to the low international healthcare and routine checkup.
Sex difference was not seen at prevalence, diagnosis age
and progression in most areas, except for China and Tur-

key where male patients had high prevalencem.

UPDATE ON GENETIC AND MECHANISM

Though PAM has been postulated as an autosomal reces-
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sive disease, it was until year 2006 that Corut ez al™ first
identified a PAM locus to chromosome 4p15 by homo-
zygosity mapping, and suggested that the SL.C34.A42 gene
cause PAM through the genotyping and linkage analysis
study on a larger Turkey family. Meanwhile, Huqun ¢# al”
employed a modified homozygosity mapping method
and discovered homozygous exonic mutations on exon
8. They further confirmed this conclusion through the
function assay of mutant protein iz vitro. Therefore, the
SLC34.42 gene was identified as the responsible gene for
PAM. And the following articles described versatile mu-
tation symbols of the SL.C34.42 gene in 14 PAM cases
mainly from Turkey, China and Japan, as we analyzed
previouslywm. These mutations demonstrated point dele-
vt 21499 deletion plus insertion
, small fragment deletion and target fragment

4 pointed mutation
18]

tion
mutation
deletion". Most of these mutations involved the exons
and homozygous mutation is the common character of
these studies. However, a significant phenomenon needs
to be noted is that the mutations in Turkish patients hap-
pened on several exons, whilst only exon 7 and exon 8
are affected in Chinese and Japanese patients. Especially
in China, two positive reports of studies that performed
genotyping in PAM patients, both found homozygous

12,1315
: I Moreover, we recently found

mutations on exon 8
a compound heterozygous mutation from a sporadic
Chinese patient also showed an involvement of exon g,
Therefore, we hypothesize that exon 8 might be the most
vulnerable site in Chinese patients, surely more case stud-
ies or experiments are needed to confirm it.

Despite the versatile symbols most mutations caused
the premature termination of proteins and produced
truncated proteins through either affecting the protein
produce or abolishing gene expression. SLC34A42 is a
type IIb sodium phosphate co-transporter primarily
expressing in alveolar type Il cells, and the only known
sodium-dependent phosphate transporter expressed in
the lung“()]. This protein plays the role of clearing the
phospholipids from the alveolar space through transport-
ing the phosphorus ion into the alveolar type II cells.
The mutated proteins lose their function and lead to the
blocking of the recycling and degrading of outdated sur-
factant which full of phospholipids, which finally results
in the formation of microliths.

However, the molecular structure-function relation-
ship of this protein is still poorly understood. While
back to previous reports of PAM, only Huqun ez al®
performed the function study of the expressed protein
through the assay of phosphate uptake by Xenopus oo-
cytes, which was microinjected with transcribed iz vitro
wild-type RNA or mutant RNA of SLC34.42. Even
though, it only confirmed the association of SL.C34.42
in this disease, but didn’t demonstrate the relative func-
tion region of the protein or the mutant. In our recent
investigation, we took the advantage of bioinformatic
technology and predicted the 3-D structure using online
software, demonstrated the main functional domain of
wild type NaPi-1Ib and the possible transportation sites

through the summary of changes in different mutants'”,
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Though the 3-D structure prediction exits unavoidable
errors, it still could be a good tool for the investigation
of the molecular-function relationship of this protein.

It was speculated whether genotype-phenotype cor-
relation exists in PAM patients. The evidence for that
seems lack from the existed reports despite the full pen-
etrance of genetic defect. On the contrary, exogenous
factors seem play an important role in the progression in
this disease of early onset and very slow development.
Heavy smokers seem to have severe phenotype. Infection
also accelerates the progression. Recently, de Laurentiis ez
al™ studied the pulmonary cell immune phenotype and
concluded that CD8" has the prevalence in the bron-
choalveolar lavage fluid (BALF) of PAM patients.

UPDATE ON CLINICAL FEATURE

The most outstanding clinical feature of PAM is the
discrepancy between the paucity of symptoms and the
degtree of pulmonary involvement. The patients of PAM
are usually free of symptoms when discovered fortu-
itously for other diseases or by mass radiograph examina-
tion. The disease progtresses very slowly, even to 30 years,
to appear exertional dyspnea or coughm]. Lung function
keeps normal or slight impaired ventilatory function or
diffusing capacity. Whereas, at the advanced stage of the
disease, the severe deposits of microstones impaired the
gas exchange function of alveolar space and resulted in
respiratory insufficiency.

Diagnosis is casy to establish based on the typical
chest radiograph. Chest X-ray usually showed bilateral fine
sand-like micro-nodulation of calcific densities through-
out both lung fields mainly involved the middle and lower
zone, sometimes producing a “sand-storm” appearance.
On high resolution computed tomography (HRCT) it
presented the wildly diffused microliths deposite in air-
space, which caused consolidation of the affected area.
High density calcification of this consolidated area, me-
diastinal window, and pleura together with interlobular
septa shaped as a contour. This unique manifestation of
radiograph makes it a strong method in detecting of PAM
patients, for most of those patients are not aware of their
disease without clue of symptoms. The magnetic reso-
nance of imaging with the hypointensity or a signal void
on T1- and T2-weighted images of the calcification le-
sions provides little value in PAM, while the development
of nuclear medicine gives more help on the contrary.
The absorption of Tc-99melabeled diphosphonate com-
pounds, which have a natural affinity for calcification foci
at the soft-tissue level, help to detect early pulmonary cal-
cification™. And the uptake of "F-fluo-rodeoxyglucose
on combined positron emission tomography/computed
tomography may be useful to evaluate the pulmonary
inflammation or predict the prognosis of the patients of
PAMP

Microliths in sputum or BALF under bronchoscope
examination then give strong support for diagnosis. Pa-
thology of lung biopsy and autopsy specimens are im-
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portant for proved diagnosis but not necessary. It demon-
strates the unique intraalveolar lamellar microliths, which
is highly correlated with CT ﬁndings[zs]. Chemical analysis
revealed that these microstones consist of calcium and
phosphates. Nevertheless, genotyping assay of SL.C34.A42
could further clinch the diagnosis.

Blood tests including serum calcium and phosphorate
concentration and different steroids are unremarkable,
since only the imbalance of calcium and phosphorate only
happened in microenvironment of alveolar space. Serum
sutfactant proteins A and D were discovered remarkable
elevation in parallel with the deterioration of the lung
function™. Therefore, they were suggested as the candi-
date marker for monitoring the activity of the disease.

Comorbid or extrapulmonary calcification is not com-
mon. Though there are some reports of associated milk
alkali syndrome, mitral stenosis, pericardiac cyst, ete P,
The study of the mutation in SLC34.42 also explained
some extrapulmonary calcification such as testicular mi-
crolithiasis”, or the development of aortic valve calcifica-
tion and artetiosclerosis”™”.

UPDATE ON LONG-TERM THERAPY
REGIMEN

No effective treatment is considered valid currently.
Though developing slowly, one of our patients even
achieving spontaneous remission”"] the long-term
prognosis of the disease is poor. Most patients died of
respiratory failure resulting from the chronic interstitial
inflammation and fibrosis finally. The removal of mi-
crolithiasis via repeated bronchoalveolar lavage without
improvement in radiography was not as effective as it in
pulmonary alveolar proteinosis P2

Lung transplantation has been thought the only ex-
pecting regimen especially for patients with severe respi-
ratory failure and right heart failure. The transplantation
has demonstrated good effects on the regression of right
heart failure™. However, most transplantation is bilateral
to avoid the persistent shunting of blood, which also
limited its application. The reported data is very limited
and lack of the long term follow up. The longest follow
up duration is 15 years after lung transplantationmj. Thus,
the timing for surgery and the possibility of reoccurrence
in the future are still needed to be considered.

Disodium etidronate, a diphosphonate, has been used
to treat PAM for many years. G6cmen e/ al™ first intro-
duced it to treat patients of PAM for its role of inhibit-
ing the formation of new pulmonary calcium-phosphate
crystallization and resolving previously formed calcifica-
tions, and gained clinical improvement and radiological
stabilization. The following clinical trials with little or no
benefit questioned this regimenl36’37j. However, Ozcelik e
al"” recently published their new reports describing the
beneficial effects of long-term treatment (9 and 11 years
of treatment, respectively) with disodium etidronate in
two cases with PAM diagnosed in childhood. They con-
sidered that the factors such as the onset of initial treat-
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ment, duration and the dosage of the medicine could
influence the result of the treatment.

However, in most of Chinese patient who always at-
tacked by acute infection, active treatment of antibiotics
and bronchial dilator results in quick improvement and
prevention for further deterioration.

CONCLUSION

PAM is a rare genetic disease with aotosomal recessive
trait occurring worldwide. The SLC34A42 gene was con-
sidered as the responsible gene and exon 8 was the most
liable mutation sites in Chinese patients. The mutation
usually caused the premature termination of protein and

produced truncated protein to induce the accumulation
of microliths in alveolar space. The most outstand-
ing clinical feature of PAM is the discrepancy between
the paucity of symptoms and the degree of pulmonary
involvement. Diagnosis is easy to establish based on
the typical chest radiograph. But the nuclear medicine
improves its early diagnosis and active evaluation. No ef-
fective treatment is considered valid currently. However,
lung transplantation is effective for advanced-stage pa-
tients, and long term treatment of disodium etidronate
seems promising;
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