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Abstract

Introduction: Interstitial lung diseases (ILD) are characterized by interstitial
inflammation or fibrosis, leading to impaired gas exchange, shortness of breath,
decreased exercise tolerance, and reduced quality of life. Combined pulmonary
fibrosis and emphysema (CPFE) is the co-existing presence of pulmonary fibrosis and
emphysema. Data describing the experience of tailored pulmonary rehabilitation
program (PRP) in people with ILD is rare and in particular in patients with CPFE are
lacking. This PhD aimed to determine the characteristics and prognosis of patients
with CPFE in a United Kingdom cohort, and to assess the feasibility of inspiratory
muscle training (IMT) as part of a PRP for patients with ILD including patients with
CPFE.

Methods: A five-year retrospective single centre study was conducted at the regional
ILD clinic. Then a feasibility study with a randomized controlled trial design was
conducted Patients were randomized into intervention group IMT + PRP and a control
group PRP only. The IMT was performed using POWERBreathe® twice daily. The
PRP consisted of one session a week for 6-8 weeks.

Results: Retrospective study showed that 203 patients with CPFE were diagnosed.
Mean age and Body Mass Index (BMI) for patients with CPFE were 72 years (SD =
8.7), and 28.1 kg/m? (SD = 4.4) respectively. Median survival time for patients with
idiopathic pulmonary fibrosis (IPF) subtype CPFE n= 93 was 3.2 years (2.1-4.2)..
Kaplan Meier analysis showed statistically significant differences between Gender at
birth-Age-Physiology (GAP) stages with a p-value of 0.012 in patients with IPF subtype
CPFE. PRP had an attendance and completion rates of mean of 87% and 64%
respectively. No side effects were reported during the study. The maximum inspiratory

pressure (MIP) improved in all participants.

Conclusion: Patients with CPFE were relatively old, majority male, with a history of
smoking, and had poor prognosis. The GAP index and staging system demonstrated
prognostic capability in patients with IPF subtype CPFE. At least half the patients with
CPFE were not referred to PRP, indicating low referral rates. A tailored PRP program
was feasible and well received in patients with CPFE, indicating that this was a viable
and beneficial treatment option for patients with CPFE where therapeutic options are

limited.



Declaration

I confirm that the work presented in this thesis is my own. | confirm that the thesis has

stated when information has been taken from other sources.
Francesca Chambers and Laura McNeillie performed the exercise training.

Claire Donaldson and Lyndsey Langlands performed blood collection.



Acknowledgment
| would like to express my gratitude and appreciation to my primary supervisor Prof.
Chris Ward who made this work possible. His wise guidance, understanding, and
advice carried me through all the stages of my PhD. He was always available with
prompt responses. | also would like to thank my second supervisor, Dr. lan Forrest,
who gave me a wealth of knowledge and direction, and helped me overcome

obstacles.

My sincere thanks also go to Anne-Marie Bourke, Julie Harper, and Maher Alquaimi,

Who contributed to the implementation of the pulmonary rehabilitation programme.

| would like to thank Francesca Chambers and Laura McNeillie for conducting the

exercise training.

| would like to thank Claire Donaldson and Lyndsey Langlands for their help in blood

collection.

| would like to thank Jessica Hartely and Claire Eccleshare for performing pulmonary

function tests.

| would like to thank Bernard Verdon for his help in MMP7 ELISA teaching practice.
| would like to thank Dr. Wendy Funston and Evelyn Palmer.

| would like to thank the study participants for taking part in my study.

| want to thank my fellow friends/colleagues at Newcastle University for their support,

friendship, and stimulating conversations throughout the years.

| would also like to thank my sponsor Imam Abdulrahman Bin Faisal University and the
Saudi Arabian Cultural Bureau in London for their funding, and support throughout my
PhD.

Finally, but the most importantly, | would like to thank my entire family, my mother, my
dad, and my sisters and brothers for their understanding and continuous support. |
would also like to thank my husband Ahmed and my children Shahd and Abdulrahman

for their patience and encouragement, they were my driving motivation.



Table of Content

THE FEASIBILITY OF PULMONARY REHABILITATION IN PATIENTS WITH INTERSTITIAL LUNG DISEASES

INCLUDING PATIENTS WITH COMBINED PULMONARY FIBROSIS AND EMPHYSEMA........ccceeeirrrrnrsrsnnnnnnes |
0 7 2 |
(072111 0 |0 7 I = |
SUPERVISORS.....ciiiiiiiiiiiiiiiiiiiiiinsiisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss |
ABSTRACT .. iiiiiiiiiiiiiiiiiiiiiririsssssssssssssss s s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns I
DECLARATION ....cuutuuuutuunnnnnnnnnnnnssnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnnns n
ACKNOWLEDGIMENT ....ciiiiiiiiiiiiiiiiiinissnssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns v
TABLE OF CONTENT....ccccttttttttteemeemeeeemeemeeeeeeeeeemmeemmeeeeeemmmeeesmmeeeemeeeemmestmeeeeeemeeestettmmmmmeeeeeteemeemteteemmmmemmmmsmmmnn 1
LIST OF FIGURES.......uuuuuuuuuuunnnnnnnnnnnnnnnnnnnsnsessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnnnns 6
LIST OF TABLES......cuuuuuuuuuunnnnnnnnnnnnnssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 9
LIST OF ABBREVIATIONS .....ccuuuuuummnnnsmsnsmsssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 11
CHAPTER 1: INTRODUCTION ....cciiiiiiiiiiiiiiiiiiiiiiiiisisssisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 14
1.2 INTERSTITIAL LUNG DISEASES (ILD) «.veeeittieeeeieeeieiteeeeitteeeeetteeesteeeestteeesneaeesnseaeesnsseeesnssneesnssesesnnssesssnnens 14
1.1.1 Classification of interstitial luNgG QiSEASES ...........ccccccuueeeeeieeeeeciiieeeeeeeecceeee e e e eecceraaa e e e e scerenes 14

B0 = oo =111 (o] (o |V SR 16

.1 3 DIAGNOSIS.ccceeeesieeeeieieeeieeee ettt e e 16

1.1.4 MANAGEMENT .o, 18

1.2 COMBINED PULMONARY FIBROSIS AND EMPHYSEMA (CPFE) .....cciiiuiieieiiieceeiie ettt eettee e eetvee e et e 21
2 A = oY (o =11 ][] (o | SR 22

B YT 1 o] [ o VSR 23

1.2.3 DiIQQGNOSIS ccccceeeeeieee e 24

1.2.4 MOANGAGEMENT .ottt 29

1.3 PULMONARY REHABILITATION ..tetuttteeeureeeasuretesauseeesssseeesanseeesanneeessnsssessnnsneesanseesssssssessnnseessnsseesssnsesessnnees 31
1.3.1 EXCICISE trQINING ....cccceeeeeeeeeeeeee e, 32

1.3.2 Pulmonary reNabilitaQtion iN ILD ..................uueeeeeeeeeiiieieeeeeeeeeeteee e e e e e estteea e e e e e e stsaraaaaeeessssenees 34

1.3.3 Pulmonary reh@bilitQtion iN CPFE...............ueeeeeieeeeeeieeesceeeeeseeeeestaaeeeteaaesteaaessssasesssnaassnneeens 37

1.4 INSPIRATORY IMIUSCLE TRAINING ....ctteeteeauuurrttteeesaaautunteeeeesaaausaeeeeeeaesaassreeeeeeesaaannseeeeeessasaansenaeeeesesaansenneaeens 39



0 1o Tl (o | (o1 [ T [ USSR 39

1.4.2 IMT and chronic reSpirQtory QiSEASES. ...........cccvueeeeeiereeeiieieesiiieeestieeeeeteaesiseaeessesessssseaesisseaaans 39
L5 SUMMARY «.cutietteteete ettt st st et ettt st s bt e b e bt e st e et s ae e sheesee e st e bt eat e e se e e b e e b e e Rt e n e e nesanesreenreenneeneenneene 40
CHAPTER 2: EARLY DIAGNOSIS OF IDIOPATHIC PULMONARY FIBROSIS: A NARRATIVE REVIEW............. 41
2.1 INTRODUCTION .ecuuttieiitteessrtte e ettt e sttt e s s et e s s et e e s bb e e e sab et e s s b e e e s nb e e e s aa b e e e s ana e e e sbb e e e sanbaeesannaeeesnaeeeaas 41
2.1.1 What is idiopathic pulmonary fiDroSiS?............ucuueeecueeeesiieeesieeeesiieeeesteaeeseaeesiteaaessteaessnseeas 41
2.2 EARLY-STAGE DIAGNOSIS IN IPF ...eiiiiiiiiiitiee ittt ettt st ssmae e s s nnee e 42
2.2.1 CliNiCQI Pre@SENTALION. ...........eveeeeeeeeeeeeee e ee ettt e e e e ettt a e e e e e e aes e s e e eeesstsasaaaaeeasatsssaaaaeeasanes 42
32 V] [ ToTaTo T4 V) {0 L Tor o (o g I =y P 42
2.2.3 High resolution computed tomography (HRCT) ......cceeeeeeeeeeeeeceeeeeee et etaeeseaeeetea e 44

2. 2.4 INAEX SYSEEIMS ...ttt e ettt e e e e ettt e e e e e e e et saaeeeaseatsesaaaeeaassssssaaasesasasssssenaseeeasses 48
2.3 AWARENESS AMONG PRIMARY CARE PHYSICIANS ....ceiiiuirieeiirieeentrtessireeesirteessreeessnneessnreesssraeessnneessnaeesens 52
2.4 LUNG CANCER SCREENING AND EARLY IPF DETECTION...cc.uteterurieurerieenieenreereenesnesieesneesseesneenreennesenesseesseenens 53
2.5 WHEN TO TREAT IPF: THE IMPORTANCE OF EARLY DIAGNOSIS ....cuvverutetieteeteeieeeesitesueesieesieeeeeatesaeeseeesieenneas 53

CHAPTER 3: A RETROSPECTIVE COHORT STUDY OF CHARACTERISTICS OF PATIENTS WITH COMBINED

PULMONARY FIBROSIS AND EMPHYSEMA AND THEIR PROGNOSIS ......ccccovceriiineniiissneeisissnnessiseecsssanes 56
3.0 INTRODUCTION ...tteutteurteurteutesueesseesseeseessesaeesmeesheesseeseeaseemteemeesb e e b e e st ea s e eanesanesheesaeennee st enteemneesnenneenneennens 56
3.1.1 Studies describing PAti@NTS WIth CPFE...............ueueeieeeeeeeieeeeeeeeeciiieeeaeeeeesceaesaaaaeeesssssseaaaeeeseians 57

R 0 € Y oo ] = N 57
3.1.3 Contradictory findings for CPFE prognosis in the literature.............ccceecvvveeccceeecceeeeecivvneeennenn. 58
3.2 IMIETHODOLOGY ..tteiuuriteiittee s sttt e e siree e sttt e s sb et e s e sae e e s bt e e e ab et e s s b e e et bb e e e s sab e e e s eabae e e sbb e e e s aabaeeseanaeeesanaeeeeas 59
0 Y0 Lo | SO USSR 59
3.2.2 SEUAY POPUIGLION ...ttt ettt e e e ettt e et e e ettt e e e ettt e e e anssaeessteeaesssesensnseeas 60
3.2.3 SUIVIVAI QNQIYSIS «..vveeeeeeeeeeeee ettt ettt e e e e e ettt e e e e e ettt e e e e e e e s atsasaaaaeeesassssssnaaaeeaaaaes 60
3.2.4 GAP SCOIE ANAIYSIS ..coooeeeeeeeeeee ettt e e e ettt a e e e e e ettt a e e e e e st ttsasaaaaeeasatsssenaaeeesaises 60
ORI Y (o [ Ky o ol | e [ Lo 1)V KR 62
B3 RESULTS et stteeteett et et et sttt st e bt et e e st e s et s bt e s bt e st e et e e et e ee e e b e e bt e Rt e Rt e Rt s e et she e she e nRe e Rt e r e e an e aneer e e neeneen 63
R B N D =T Lo o [ e [ ) 1 1 Tok ISP UURPRE 63
3.3.2 Type of fibrosis in PAtiENtS With CPFE ...............uuueeieeeeeeieeeeeeeeeetcietee e e e e et ctateeaaeeesssissseaaaaeeenans 67
3.3.3 PUIMONQAry fUNCION tESt FESUILS ......oceeeeeeeeieeeeeee ettt e et e e sea e e st e e e e snteaessnreeas 70
3.3.4 ANti-fIDIrOtIC MEAICALIONS........eeveeeeeeieeeeee et e et e e e e e e ettt a e e e e e s s etasaaaaeeasetssseaaaeeesases 70
3.3.5 Pulmonary reh@bilitQtion referral .............ouueeeeeeieeeeeeeeeeeee ettt e ettt a e e e ees et eaaaeeeesans 70
3.3.6 SUIVIVA] tiME QNAIYSIS ......eeeeeeeieeeeee et ettt ettt e e ettt e e ettt e e ettt e e e s ette e e ssteaeassseseessssaeesaneeens 71
G A € oY oo ] = N 73



3.3.9 DiffUSION GAP SEAGE....c....veeeeeeeeeeeeeee e e eeette e e ttee e et tteeestte e esaeaaesateaeesstaaeaasseasassseseessssaessaneeenn 85
3.3.10 Predictors of mortality in patients With CPFE:.............ccccueeeeeceeeesieeeesieaeecieeeesiteeaessteaesaseens 87
3.4 DISCUSSION ..etiuuttieiiirtte ittt ee e st e ettt e st e e s s b et e s st e e e s bb e e s e sab et e s e ba e e e s b bt e e e s ab e e e s aaba e e e s bbb e e s nbaeesannaeeesnaeeeeas 88
3.4.1 Type of fibrosis in PAtIENtS With CPFE ...............uuueeieeeeeeieeeeeeeeeeeeeiettee e e e et etateeaaeeesssissaraaaaeeenans 89
Be4.2 PET FESUILS ..ottt et s st e et e e e s e 89
3.4.3 ANti=-fIDIrOtiC MEAICALIONS. ......eeveeeeeeeeieee et e e e ettt e e e e e e et a e e e e e asstbasaaaaeeesstsssaaaaeeesaaes 90
3.4.4 Pulmonary reh@bilitQtion referrQl .............ouueeeeeeieeeeeeieeeiee ettt e et e e e e e s es e e e e eeesans 90
345 SUIVIVA] PIOGRIOSIS ..ottt e et e et tee e et tee e e sttt a e et a e e st a e e s saeaesasteaeasseseesssnaessaneeen 91
B Sl € Y oo ] = N 92
3.5 LIMITATIONS cttte ittt sttt ettt ettt e st s et e e s bb e e e s b e e e s s ba e e e s b bt e e s sab e e e s aabbe e e snb e e e sanbaeesennaeeesnaeeeeas 96
3.6 CONCLUSION ... ttteiiittte sttt ettt er et sttt e s st e e s bb e e e s b et e s s b e e e s b bt e e s s s b e e e s eabb e e e s bb e e e saabaeeseanaeeesnaeeeeas 97

CHAPTER 4: THE FEASIBILITY OF RESPIRATORY MUSCLE TRAINING AS PART OF A PULMONARY

REHABILITATION PROGRAMME FOR PATIENTS WITH INTERSTITIAL LUNG DISEASES........cccccceeeiiiirnnnnee. 98
4.1 INTRODUCTION .. uttteesttteesittee s sttt e s sttt ettt e s sab bt e e smb e e e s sbe e e s s aba e e s s sb e e e s sb e e e e s aba e e s e mba e e smbbeessabaeesenrasesannaeas 98
4.2 IVIETHODS ..vventeenteenreeteeeesieesseesse e st est e easessee s b eab e e s e e aaesaee s et e sbee s st e st e me e emeeebeesb e e ne e reeanesmnesaeesreenneenneenneans 100

4.2.1 Study design aNd PAItiCIDANTS ..........ueeeeeeeeeeeiieeeeeeeescee e e st e e e et a et cte e e e steeaessseaesesseaeessseaanans 100
4.2.2 INCIUSION CLIEOIIQ ...ttt sttt s e st e st e s e snee e 100
4.2.3 EXCIUSION CLIEOIIQ ...ttt sane e ne 100
0 Y (=T V=] 0 11 [0 £ PP 101
G.2.5 QULCOMBS .ttt ettt sttt st e s st e st e s st e s s sate e e s annes 104
W I e A Yo [ote | e T Lo 1A U UUUPUS 108
A3 RESULTS ...tettetteteere et seesite s st esr e st et e s e s b e e s b e e b e e s e e aa e s e e s aeesh e e s bt e bt e m et em e e e beesb e e R e e reeanesmnesmeesreenneenreenneens 109
4.3.1 Characteristics Of PAItiCIPANTS ............eeeeeeeeeeeieeeeeeeeeeeecteee e e e ee et a e e e e e estae e e e e e e e e ssasanaaaeeeaaans 109
4.3.2 AEEONUANCE ...ttt ettt st e st e e st e et e st e st esaeestee e 115
0 B Yo (= =3 = ot SN 117
4.3.4 Maximum inSpiratory PreSSUre (MIP) ............eeeeeeeeeeeeeeeeseeeeeset e sta e e stteaessteaessseaaesneeaeens 118
4.3.5 Patient-reported OULCOME MEASUIES ..............uuueeeeeeeeiiiieieeaseeeeesiiseeaeeeesesissesaaeeesssissessaaaeaaans 118
4.3.6 Minimal clinically important difference (MCID) Of OUtCOMES ............oeeecuveveeecieaecieeeecieeeeann, 126
4.3.7 PUIMONGIY fUNCLION TEST.....cocceeveeeeeeeeeeeee et ee e e e e e ettt e e e e tte e e s tae e e e st aeesssaaessseaeesssesanns 129
4.3.8 One Minute Sit-to-StaNd tESt (IMSTS)....oeeeuueeeeeeeeeeeeeeeeeeee ettt e e et e e eteaeeeetreaeeaaees 133
4.3.9 Strength of MaAjor DOAY MUSCIES............cooeeeeeeeeeeeeee ettt e ettt e e e e e e e s e e e eeesasans 134
4.3.10 Blood biomarker matrix metalloproteinase 7 (MMP-7)........cccueeeecueeeesiiereesieesesiieaeesisenanns 140
A DISCUSSION ..uveeuteenreetestesieesseessee st et e eetesseesbe e b e e reeanesaeesaeeshee bt e st eae e emeeebeesbe e neeareeanesmnesmeesreenneenseennens 142
G4, 1 AEEONUANCE ...ttt ettt ettt st e et e st e st e st e sareesneesneeea 142



By AR [0 [ =) Lot RO U UUTN 143

BB IMT QN TLD ..ttt ettt ettt nae e e e 143
4.4.4 Functional exercise capacity: One minute Sit-to-stand test .............ccoueeevvrvreescireeesirireesivenannns 146
4.4.5 Patient-reported OULCOME SUIVEYS........u.eeeeecereeieeeeeeeieiieeeeseeesistsssaeaseeessssssassaeessssisssesaaaeassians 159
4.4.6 PUIMONQAIY FUNCLION ST ......vveeeeeeeeeieeee ettt e ettt e e e e ettt a e e e e e st s e e e eessessaseaaaaeesaens 161
4.4.7 Major body MUSCIES SEIENGTRN...........eeeeeeeeeeeeeeeeeee e e st e e et a e st a e e s teeeessteaesnseaeesaseaenns 161
4.4.8 Blood biomarker matrix metalloproteinase 7 (MMP-7)...........ueeeecueeeeceeeeeiieeeeciereeeeveaeeennns 164
Z.5 LIMITATIONS ..ceetittteieittte sttt e s st e e sttt et e s bt e e s eab e e e s eaba e e e sb bt e e e aab e e e s abb e e e snb e e e s sb e e e s s abaeeesbbeeessnbanesannns 165
4.6 CONCLUSION . c..tteuteenteente et st sttesne et et et s i e b e b e st e a e st e s et e sbee s bt e st e ae e eeeeebeesb e e ne e reeanesmnesmeesreenneenneenneans 165

REHABILITATION ....cuiiiiiitiieiiiiiiireeetsiissrrseassssssss s s esasssssssssssesasssssssssssessssssssssssssesssssssssssssessnssssssssssnens 167
5.1 INTRODUCTION ....tttiiurtteiitttee s sttt e e sttt e sttt e s sb e s ssb e e e s s e e e s s b bt e e e bb e e e s sba e e e s b e e e s e mbe e e saabaeessabaeesennaeesannneas 167
I O I o 12 (oo | e Lot 11 S 167
I I Yo [ ol =1 1] = SO PPNt 167
5.2 IMIETHODS .eeeiiitieieiite ettt ettt st ettt s e e e s s b bt e e s b e e e s ab e e e e s b bt e s e mb e e e s aaba e e s sba e e e snraeesannne s 170
5.2.1 PArtiCipants Of SEUAY .......ooeeeeueeeeeeeee ettt eete et e e et e e e ta e et e e e e sta e e e easaaaesasasaesseeaeenees 170
2 (1A [ole | e Lot 11 S 170
I Yo [ ol =1 1] = FE PPNt 171
5.2.3.1 Muscle Strength: RANAGIip ...........cceceeeeeeiieeeeeee ettt e e e et e e et a e e stte e e sreaaesseaaenanees 171
I Y (o [ Ky ool | e [ Lo Y KR 174
5.3 RESULTS ettt ettt ettt s bt s e st e e bbb e e e e s s e e e e s e e e s s b et e e e e e e s enrae s 175
5.3.1 Characteristics Of PAItiCIPANTS ............eeeeeeeeeeeieeiieeeeeeeetee e e e e ettt e e e e e e s e st a e e e e e s e ssasasaaaeeaasans 175
O I o 1V [ole | e Lot 11 S 175
5.3.2.4 Moderate and vVigorous QCLIVItY tiMe...............ceeeeeeeeeuveeeeeeeeeeciiiieeeeeeeeciteeaaeeeeesiareaaaaeeeesans 179
CRCRC Yo [qale] =101 (o [l o Yo |4 |4 14 (=1 &SPt 180
5.4 DISCUSSION ....veeureentieutieitesseessee e esessesieeseeesree st et e e aeesbeesb e e beearesanesaeesaeesbe e st emn e emeeemee b e e ne e reennesmnesenenree 188
I o 12 [ole | e Lot 11 S 188
3 Yo [ ol =1 1] = SO PPNt 193
5.5 CONCLUSION . ¢ttt ittt sttt ettt et e st e s e e e s eab e e e s s bt e e e bb e e e s b e e e e s b bt e s e mbe e e s ambaeessabaeeeenraeesannneas 194

CHAPTER 6: FEEDBACK FROM PATIENTS WITH ILD ATTENDING PULMONARY REHABILITATION

PROGRAIMIME .....ccuiiteuieiteeirttennereeenseeetessssessssesessssssssessssesesssssssnssssssnssssssnsssssssssssssnssssssnssssssnsssssansssssanne 196
5.1 INTRODUCTION ... eieetrtttueeeeeereresteaeeeeeesesssnnaeeeessessssanaeesssssssssnnssessssssssnnnseessssssssnnnesessssssssnnnesessssssssnnnenees 196
5.2 IVIETHODS ...uuuuuuuuunununnnnnnnnnnnnnnnsnnnsnnnsssnssnssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsnsssnssnnsnsnnnnnne 197
5.3 RESULT S uuuuuuuuuuununununnnnnnnnnnnnnnnsnnssssnssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssnsssssnsssnsssnsnnnnnnnne 198



6.3.1 Question 1: As a participant in the programme, what is/are the thing(s) you liked the most?198

6.3.2 Question 2: As a participant in the programme, what is/are the thing(s) you hated the most?

6.3.3 Question 3: As a participant in the programme, what is/are the thing(s) that would like us to

CRANGE OF IMPIOVE? ....coeeeeeeeeeee et e ettt e e e e e ettt a e e e e e ettt saaaeeaasassasaaaseaassssssaaaseeasnsssnens 201

5.4 DISCUSSION ....veeureenrieutieueesteestee st e st esesaeeseeessee st e st e aeesbeess e e se e s e eanesaeesaeesbee st e st e st e em e e b e e ne e reeanesmnesmneneee 203
6.5 CONCLUSION ... .uttteieitite ittt sttt et ettt e st e e e e e s e e e s s b et e e e bb e e e s ab e e e e s bbb e e e mbe e e smbaeessabaeeeenbaeesannneas 205
CHAPTER 7: GENERAL DISCUSSION AND SUGGESTED FUTURE WORK .......ccccttrmeeeiiiiiiinrnnnesisissnnnnnnnenes 206
7.1 GENERAL DISCUSSION ....c.utiueeieereereetesieesieesstesrt et et sseessee bt esnesanesaeesaeesree st enn e esaeemeesbeesneereennesmnesaneneee 206
7.2 FUTURE WORK..cutteuteeutieueesteeseeneeseesesieesseesseenstensteaeesseesseesseeasesanesanesmeesaee st enneemeeemnesseenneereeanesmnesaneneee 208
PUBLICATIONS, ABSTRACTS AND PRESENTATIONS DERIVED FROM THIS PHD PROJECT...............cceuuee. 209
REFERENCGES.......ccuuuiiiiiiiiiiieiiiiiitirieesiiisirresasssssssssrrsasssssssssstesassssssssssteesssssssssssseesssssssssssssrsnnssssssssssnnns 211
APPENDICES......uuttiiiiteiiiisnteiiisneeiiisteesisstessssseessssssesssssssessssssesssssssesssssssesssssseessssasesssssssesssssseesssasessens 233
APPENDIX 1 LETTER OF APPROVAL ....cctieuuiiiiiiiitinniiiiinreesssssiissirrsssssssssssssmssasssssssssssmesssssssssssssssssssnes 233
APPENDIX 2 RECORDED EDUCATIONAL SESSIONS ABSTRACT .....ccctteeeuuuiiiiiirmmennssssissimmeesssssssssnmeesssenes 234
APPENDIX 3 K-BILD QUESTIONNAIRE ........ccoieiieeiiisnneiiisnniiissnneiiisseesssssesssssseessssssessssssesssssssessssssesssns 235
APPENDIX 4 FATIGUE SEVERITY SCALE .....cceiiiiutiiiiittiiiiineiiisteeiiissessssseesssssseesssssesssssssesssssseessssssesssns 236
APPENDIX 5 HOSPITAL ANXIETY AND DEPRESSION SCALE.........ccccotttiuiiiiiiiininnnssnininnneasessssssnessssenes 237



List of Figures

Figure 1 Classification of interstitial lung diseases (Wijsenbeek et al., 2022) .....15

Figure 2 Typical CPFE feature indicating emphysema in the upper lung field in one

(o) 0 10 g o = L1 [T | £ 26

Figure 3 Typical CPFE feature showing lower lung field honeycombing that
indicates the usual interstitial pneumonia (UIP) pattern in one of our patients....26

Figure 4 Regions of the UK with the Northeast and Northwest regions circled in

red (Image: UK website of the European Parliament Liaison Office) .................. 59
Figure 5 Method for calculating GAP index (Ley et al., 2012)..........cccovvvrvvvnnnnnnn. 61
Figure 6 Flowchart diagram Of StUAY.........ccoooiiiiiiiiiiii e 64

Figure 7 Kaplan-Meier survival analysis of IPF subtype CPFE and non-IPF subtype

Figure 8 Kaplan-Meier analysis of gender at birth score in patients with IPF subtype
and NON-IPF SUDLYPE CPRE ... 74

Figure 9 Kaplan-Meier analysis of age score in patients with IPF and non-IPF
RS 0] 47/ 0= TSI 0 O P 76

Figure 10 Kaplan-Meier analysis of PFVC scores in patients with IPF and non-IPF
SUDLYPE CPFE. ... .. e e e e 78

Figure 11 Kaplan-Meier analysis of PDLCO% score in patients with IPF and non-
IPF subtype Of CPFE. ...t e e e e e e eaannae 80

Figure 12 Kaplan-Meier analysis of GAP stages in patients with IPF and non-IPF
SUDLYPE CPFE. ... .o e 82

Figure 13 Kaplan-Meier analysis of mMGAP stage in patients with IPF and non-IPF
S 0] 37/ 0= O = e S 84

Figure 14 Kaplan-Meier analysis of dGAP stage in patients with IPF and non-IPF
SUDLYPE Of CPFE. .. ..o e e 86

Figure 15 Thera-band® exercise bands (©2016 Performance Health.)............ 102

6



Figure 16 A pedometer (OMRON HEALTHCARE Co., Ltd.)......ccccoeeieeeeeevrninnnns 102

Figure 17 POWERBreathe® Medic plus device (POWERDbreathe®, International
LA, UK. ottt ettt n ettt ettt sttt en e 103

Figure 18 POWERDbreathe® KH2 (POWERDbreathe® International Ltd, UK). ...105
Figure 19 The MICTOFET deVICE........couuuiiiiie e e e e e eaanaens 107

Figure 20 Change in maximum inspiratory pressure (MIP) Data are given as

INAIVIAUAL VAIUEBS . . ..o e 118

Figure 21 Change in the K-BILD breathlessness domain score. Data are given as

INAIVIAUAI VAIUBS.......oeiiiiiiieeeeeeeeee ettt e e eeeees 119
Figure 22 Change in the K-BILD psychological domain score. ............ccccccuuuee. 120

Figure 23 Change in the K-BILD chest symptoms domain score. Data are given as
INAIVIAUAI VAIUES..... oo 121

Figure 24 Change in the overall K-BILD score. Data are given as individual values.

Figure 25 Change in the fatigue severity scale (FSS). Data are given as individual
VAIUBS. et e e e e e ettt e e e e e e eeanaaas 123

Figure 26 Change in the Hospital Anxiety and Depression Scale (HADS)—

DEPIrESSION SCOMES. . .iieeeeeiiiiiee e e e e e e e eeetta e e e e e e eeeeeeatsa e aeeaeaeeessssnnnaaaaeaeeeeennnnnns 124

Figure 27 Change in Hospital Anxiety and Depression Scale (HADS)—Anxiety
ST o0 ] (ST J PP TPPPT 125

Figure 28 Change in forced vital capacity (FVC) in litres. Data are given as

INAIVIAUAL VBIUES.. ... et 129

Figure 29 Change in in percentage of predicted forced vital capacity (FVC%) Data

are given as individual ValUES. ..........coooiiiiiiiiiiii e 130

Figure 30 Change in percentage of predicted transfer capacity of the lungs for
carbon MoNOXide (TLCOYD). c.veuuueeniieeeeeeeeeeeiee e e e e e e e e e e e e e e eeeaan e e e eeeees 131



Figure 31 Change in Transfer Capacity of The Lungs for Carbon Monoxide z-score.

.......................................................................................................................... 132
Figure 32 Change in the one minute sit-to-stand test Scores. ............ccceevvevnnnens 133
Figure 33 Change in strength of the right biceps. ... 134
Figure 34 Change in the strength of the left biceps..........ccccvvviiiiiii i, 135
Figure 35 Change in the strength of the right deltoid. ................ccccooeiieiiirnnnnnnns 136
Figure 36 Change in the strength of the left deltoid. ..., 137
Figure 37 Change in the strength of the right biceps. .........ccoviiiiiiiiiiiiiinns 138
Figure 38 Change in the left biceps strength. ..........cccooiiiiiiiiiiiiiie e, 139
Figure 39 Change in MMP-7 biomarker. ..........coovvuiiiiiiiieeeeeeeeeee e 140
Figure 40 The GENEACtV ACHWALCH ........coooiiiiiii e 170
Figure 41 The Jamar Hydraulic Hand Dynamometer................ueeeieeneeeeeeeennnnns 172
Figure 42 The Tanita MC780 body composition analyser.............ccccceeeeevvevnnnns 173
Figure 43 Change in daily StepS COUNL...........ccoviiiiiiiiiiiie e 176
Figure 44 Change in sedentary time per week in minutes. ...........ccoeeeeivveiinnnns 177
Figure 45 Change in light activity time per week in minutes. ..............cccceeevveens 178

Figure 46 Change in moderate and vigorous activity time per week in minutes.

.......................................................................................................................... 179
Figure 47 Change in right hand grip strength (Kg). .......ccooeoiiiiiiiiiiiiiniieeeeeiies 180
Figure 48 Change in left hand grip strength (Kg). ......coooviiiiiiiiiiiiiiiieeeeeiis 181
Figure 49 Change in muscle quantity ASM/height? (Kg/m?). ......cccceeeevivneeeennne, 182
Figure 50 Change in gait speed (IM/SEC). ....ceeeeiiiiieiiiiiiee e 183
Figure 51 Word cloud question 1 feedback form.............ccccvviiiiiiiiiiiiiiieeeiins 198
Figure 52 Word cloud of question 2 feedback form............ccccoviiiiiiiiiiiiiiiiiinnns 200
Figure 53 Word cloud of question 3 feedback form............ccccvviviiiiiiiieiiiecennnns 201

8



List of Tables

Table 1 Different composite scoring systems in IPF and their predictor components

............................................................................................................................ 48
Table 2 Du Boise mortality risk scoring system for patients with IPF.................. 49
Table 3 The GAP index and staging SYStem. ........coouuuiiiiiiieiiiiiiieie e 51
Table 4 Clinical characteristics of all patients with CPFE..............ccccooiiiiiiiininnnn. 65

Table 5 Clinical characteristics of patients with CPFE based on IPF subtype. ...66

Table 6 Type of fibrosis in patients with CPFE..............ccoooo i, 68
Table 7 Predominant pattern seen on HRCT of patients with CPFE................... 69
Table 8 Referral for pulmonary rehabilitation programme............ccccoeeeiiiiiiininnnns 70

Table 9 Median survival time of patients with IPF subtype CPFE and non-IPF
S 0] 37/ 0= O = e SR 71

Table 10 Mortality predictors in patients with CPFE.............c.cccoooiiiiiiiiiines 87

Table 11 Baseline characteristics of all study participants. Data are presented as

mean £ Standard deVIATION. .. ... 109

Table 12 Baseline characteristics of participants by study group. Data are

presented as mean = standard deviation. ............cccooeeiiiiiiiiiiiiii e 110
Table 13 Baseline characteristics of all the participants in the study. ............... 111

Table 14 Descriptive statistics of outcome variables pre and post the pulmonary

rehabilitation programme. Data are presented as medians (IQR)..................... 112
Table 15 Adapted changes due to the impact of COVID-19 disruption............. 114

Table 16 Attendance of the participants in the pulmonary rehabilitation programme

Table 17 Change in outcomes (post data-pre data) for all participants in the study

assessing achievement of minimal clinically important difference (MCID). ....... 127

Table 18 Change in MMP-7 level in all participant.............cccoovvieiiiiiiiiiineeeeee. 141



Table 19 Randomized control trials on interstitial lung diseases (ILD).............. 149
Table 20 Randomized controlled trials in idiopathic pulmonary fibrosis (IPF)...155

Table 21 Descriptive statistics of PA outcome variables pre and post pulmonary
rehabilitation Programme. ..o 184

Table 22 Descriptive statistics of sarcopenia outcome variables pre and post

pulmonary rehabilitation Programme............coovuviiiiiii i 185

Table 23 Change post pulmonary rehabilitation programme of PA data in all
participants of the StUdY. ... 186

Table 24 Change post pulmonary rehabilitation programme in Sarcopenia data in

all participants of the STUAY. ..........iiiii i 187
Table 25 Published studies evaluating PA level in patients with ILDs or IPF....191

Table 26 Published studies evaluating sarcopenia in patients with ILDs or IPF194

10



List of Abbreviations

ILDs: Interstitial lung diseases

IPF: Idiopathic pulmonary fibrosis

CTD-ILD: connective tissue associated ILD
CT: Computed tomography

HRCT: High-resolution chest tomography

HP: Hypersensitivity pneumonitis

FVC: forced vital capacity

DLCO: diffusion capacity for carbon monoxide
MMF: mycophenolate mofetil

RA-ILD: rheumatoid arthritis-associated ILD
UIP: usual interstitial pneumonia

COPD: chronic obstructive pulmonary disease
CPFE: combined pulmonary fibrosis and emphysema
PFT: pulmonary function test

TLCO: transfer factor for carbon monoxide
FEV1: forced expiratory volume in one second
KCO: carbon monoxide transfer coefficient
6MWT: six-minute walk test

FIO2: fraction of inspired oxygen

NICE: National Institute for Health and Care Excellence
ATS: American Thoracic society

ERS: European Respiratory Society

11



HRQoL: health-related quality of life

PRPs: pulmonary rehabilitation programmes
6MWD: six-minute walk distance

IMT: inspiratory muscle training

PaO2: partial pressure of oxygen in arterial blood
PaCO2: partial pressure of carbon dioxide in arterial blood
SpO2: oxygen saturation

BMI: body mass index

GAP: Gender at birth, Age, and physiology

RVI: Royal Victoria infirmary

MDT: Multidisciplinary team

FVC%: FVC percentage predicted

TLCO%: TLCO percentage predicted

DLCO%: DLCO percentage predicted

MGAP: modified GAP score

dGAP: Diffusion GAP score

CPI: Composite physiologic index

PROMS: Patients reported outcome measures
MIP: Maximum inspiratory pressure

MCID: Minimal clinically important difference
K-BILD: King’s brief interstitial lung disease questionnaire
FSS: Fatigue severity scale

HADS: Hospital anxiety and depression scale

12



MID: Minimal important difference

1IMSTS: One-minute sit-to-stand test

MMP-7: Matrix Metalloproteinase 7

ELISA: Enzyme-linked immunosorbent assays

PA: Physical activity

MVA: Moderate and vigorous activity

EWGSOP: European Working Group on Sarcopenia in Older People’s
BIA: Bioelectrical impedance analysis

ASM: Appendicular skeletal muscle mass

13



Chapter 1: Introduction

1.1 Interstitial Lung Diseases (ILD)

There are over 200 different interstitial lung diseases (ILDs). ILDs ranges from
disorders that are extremely rare, such as lymphangioleimymatosis, to multisystem
diseases like systemic sclerosis or rheumatoid arthritis, to more common diseases

like idiopathic pulmonary fibrosis (IPF) (Wijsenbeek et al., 2022).

The interstitial space is attached to the alveolar epithelium on one side and the
capillary endothelium by the other side. In the interstitial space, there are lymphatic
vessels, few fibroblasts, and extracellular matrix proteins like collagen. In healthy
individuals, the interstitium structure offers structural support to the alveolus and is
only a few micrometres thick, thereby enabling effective gas exchange. Interstitial
lung diseases cause either fibrosis or inflammation within the interstitial space,
which leads to impaired gas exchange and the eventual consequence of
breathlessness, and in many respiratory failure, and mortality (Wijsenbeek et al.,
2022).

1.1.1 Classification of interstitial lung diseases

ILDs can be broadly classified idiopathic, autoimmune-related ILD, exposure-
related, cysts or airspace filling ILD, sarcoidosis, and other orphan diseases (see
Figure 1). With this broad classification of ILD, the onset of the disease can be
slow and progressive or can be acute and life-threatening (Wijsenbeek et al.,
2022).

In order to diagnose and classify ILD, a combination of clinical, imaging, and in

certain cases pathological information is utilized.
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Acute Subacute Chronic

| Idiopathic pulmonary fibrosis

Idiopathic non-specific interstitial

preumonia
Acute interstitial pneumonia | | Cryptogenic organising pneumonia |
Idiopathic | Desquamative interstitial pneumonia |
| Fleuroparenchymal fibroelastosis |
Unclassifiable interstitial lung disease |
Rapidly progressive interstitial lung disease Connective tissue disease-associated interstitial lung disease
(eg, anti-MDAS-antibody-associated amyopathic (eg, rheumatoid arthritis, systemic sclerosis, idiopathic
Autoimmune dermatomyositis and diffuse alveolar haemorrhage in inflammatory myopathies, anti-synthetase syndrome,
related ANCA-associated vasculitis or in systemic lupus erythematosus) Sjogren’s syndrome, and athers)

ANCA-associated vasculitis-related interstitial lung disease

Exposure-related

Hypersensitivity pneumonitis

Pneumoconiosis

Respiratory bronchiolitis-interstitial
lung disease

Drug-induced lung injury (eg, chemotherapy, immune checkpoint inhibitors,
biological agents, antirheumatic drugs, antibiotics, antithrombotic agents,
cardiovascular drugs, and herbal medicine)

Radiation-induced lung injury

Postinfectious interstitial lung disease

Interstitial lung diseases
with cysts
or airspace filling

Langerhans cell histiocytosis

l Lymphangicleiomyomatosis

| Pulmonary alveolar proteinosis

| Others

Sarcoidosis

Sarcoidosis

Others

Acute eosinophilic pneumonia | Chronic eosinophilic preumonia

Malignant diseases-associated interstitial lung disease
(eg, lymphangitis carcinomatosa)

Figure 1 Classification of interstitial lung diseases (Wijsenbeek et al., 2022)
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1.1.2 Epidemiology

Epidemiological data indicate that the incidence of ILD varies widely by age,
gender, race, and geographical area. Idiopathic pulmonary fibrosis is more
common in those aged over 60 years, male, with an estimated incidence of 0.9-
9.3 cases per 100,000 people/year in Europe and North America and 3.5-13.0
cases per 100,000 people/year in South America and Asia (Natsuizaka et al.,
2014, Duchemann et al., 2017, Maher et al., 2021). In contrast IPF, half the cases
of idiopathic non-specific interstitial pneumonia and connective tissue disease
associated ILD (CTD-ILD) occur in those aged 40-60 years and in older women
(Belloli et al., 2016, Raimundo et al., 2019, Li et al., 2021). There are fewer
reported instances of other ILDs, with available data suggesting that they are less
common than IPF (Raimundo et al., 2019, Li et al., 2021, Fernandez Pérez et al.,
2018). The overall general prevalence of ILD is 6.3-76.0 cases per 100 000 people
(Olson et al., 2021).

1.1.3 Diaghosis

1.1.3.1 Clinical presentation

ILDs have a non-specific clinical presentation, with dyspnoea, coughing, and
fatigue being the most common symptoms (Behr et al., 2015, Guenther et al.,
2018, Singh et al., 2017). Some people may have symptoms for many months or
years before being diagnosed (Hewson et al., 2017, Spagnolo et al., 2021). A
physical examination of ILD reveals bibasilar crackles in 60%-79% of the patients.
Clubbing is also common,but is not specific to ILD as it occurs in patients with other
lung or heart diseases (Behr et al., 2015).The presence of extrapulmonary
symptoms increase the possibility of ILDs related to systemic disorders. Joint, skin,
hand, or muscle-related abnormalities can indicate a connective tissue disease
(Fischer et al., 2015). In certain cases, early asymptomatic ILDs can be detected
incidentally when computed tomography (CT) imaging or chest radiographs are

conducted for other indications (Sverzellati et al., 2011).
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1.1.3.2 Diagnosis

For ILD diagnosis a multidimensional approach is needed where clinical,
radiological, physiological, and when needed histological data are used. Taking a
through clinical history and performing a thorough examination are critical first
steps in confirming the presence of ILD (Wijsenbeek et al., 2022). Work-related
exposure to organic antigens such as moulds or from birds, certain drugs (like
amiodarone, bleomycin, or nitrofurantoin), dust inducing pneumoconiosis (like
asbestos, coal, or silica dust) all indicate external causes for ILD (Fernandez Pérez
et al., 2013). In addition, pulmonary function test results in patients with ILD
commonly show a restrictive pattern and decreased diffusion capacity, although
there can be normal lung function or an obstructive lung pattern in certain cases
(Wijsenbeek et al., 2022). Although a chest x-ray might detect signs of ILD, subtle
changes may be missed. High-resolution chest tomography (HRCT) of the lungs
is the main key diagnostic test for ILD. HRCT paired with clinical findings is efficient
in providing a diagnosis in as over two-thirds of patients with ILD (Wijsenbeek et
al., 2022). Moreover, serum autoantibodies can aid in the diagnosis of the
presence of a connective tissue disease (Suzuki et al., 2017). Cellular analysis of
bronchoalveolar lavage fluid can be helpful when non-idiopathic pulmonary fibrosis
ILDs are suspected. Further, Lymphocytosis from bronchoalveolar lavage is an
indicator of hypersensitivity pneumonitis. The presence of eosinophilia from
bronchoalveolar lavage supports the diagnosis of drug-induced lung injury or
eosinophilic pneumonia. Bronchoalveolar lavage results can also be helpful in
diagnosing certain conditions, such as Langerhans cell histiocytosis and
pulmonary alveolar proteinosis, and also help exclude infections and malignancy
(Meyer et al., 2012).

In certain patients in whom clinical, radiological, and bronchoscopic results fail to
support a specific diagnosis after a multidisciplinary meeting, histopathological
evaluation might be considered. Surgical lung biopsy performed using a video-
assisted thoracic surgery is the gold standard histopathological procedure in ILD.
Nevertheless, surgical lung biopsy procedure is associated with risks for
complications of 30-day post procedure mortality of 1.5%-2.4%. Therefore,
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surgical lung biopsy is not preferred and the risks and benefits of performing it
should be weighted and discussed in multidisciplinary meetings and with the
patient (Durheim et al.,, 2017, Hutchinson et al., 2016). Transbronchial lung
cryobiopsy is a less invasive approach for acquiring biopsy samples compared to
surgical lung biopsy. Further, transbronchial lung cryobiopsy has been indicated
to have the same diagnostic accuracy with less incidence of complication than
surgical lung biopsy, thereby providing a good alternative (Troy et al., 2020,
Tomassetti et al., 2020, Maldonado et al., 2020).

1.1.4 Management

Few ILDs have evidence-based therapy guidelines, and off-label use of
medications is frequent. Therefore, patients’ education and shared decision-
making that weigh the benefits and risks of treatment are of utmost importance.
Multidisciplinary management is recommended and important in patients with

progressive ILDs such as IPF (Wijsenbeek et al., 2022).

In the last decade, there have been major advances in the treatment of ILDs. In
patients with IPF, randomised controlled trials have shown that antifibrotic
medications were effective and revealed that immunosuppressive therapy is
harmful (Richeldi et al., 2014, Dale et al., 2014, Raghu et al., 2012, Farrand et
al., 2020).

For patients with IPF, antifibrotic medication with either pirfenidone or nintedanib
is recommended by international guidelines (Raghu et al., 2015b). Both antifibrotic
medications pirfenidone and nintedanib have shown to slow down decline in lung
function, protect against acute exacerbations, and improve survival (Richeldi et al.,
2014, King et al., 2014, Dempsey et al., 2019, Petnak et al., 2021). The most
common adverse events for antifibrotic medication are nausea with pirfenidone
and diarrhoea with nintedanib. Pirfenidone can also possibly cause phototoxicity.
In drug trials, 7% of participants in the pirfenidone and nintedanib trials had liver
toxicity (King et al., 2014, Richeldi et al., 2014). Regular follow-up is recommended
when antifibrotic medication are prescribed (Wijsenbeek et al., 2022). Recently, in
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addition to its use in IPF, nintedanib has been approved to treat patients with other
forms of progressive pulmonary fibrosis. Nintedanib has also been shown to be
effective in patients with progressive pulmonary fibrosis by reducing the rate of
decline in lung function by half over a period of 52 weeks (Flaherty et al., 2019,
Wells et al., 2020).

Hypersensitivity pneumonitis (HP) is the most prevalent exposure associated with
ILDs. The identification and removal of the triggering antigen are crucial for
enhancing outcome in patients with HP (Fernandez Pérez et al., 2013), which can
occasionally be challenging to achieve. No standard algorithm exists for the
pharmacological therapy of HP (Hamblin et al., 2022). There is limited evidence
that corticosteroids slow the rate of progression of fibrotic HP or even result in long-
term benefits (De Sadeleer et al., 2020, Monkare and Haahtela, 1987, De Sadeleer
et al., 2018). Immunosuppressants are commonly prescribed to patients with HP
(Wijsenbeek et al., 2019), but the evidence supporting their use is limited. There
have been concerns over the chronic use of immunosuppression due to the
harmful effects of azathioprine and prednisone seen in patients with IPF (Raghu
et al., 2012). An improvement has been seen in forced vital capacity (FVC) and
the diffusion capacity for carbon monoxide (DLCO) after one year of therapy with
azathioprine or mycophenolate mofetil (MMF) (Morisset et al., 2017a, Fiddler et
al.,, 2019, Terras Alexandre et al., 2020). Moreover, nintedanib which is an
antifibrotic medication, has recently shown benefit in treating patients with

progressive fibrotic ILDs including HP (Flaherty et al., 2019).

In patients with rheumatoid arthritis-associated ILD (RA-ILD), various
immunosuppressive  drugs—such as cyclophosphamide, methotrexate,
azathioprine, and rituximab—have been shown to decrease the loss in lung
function (McDermott et al., 2021). Immunosuppression should be used with
caution in patients with RA-ILD, as usual interstitial pneumonia (UIP) is the most
common pattern of fibrosis and—based on data from patients with IPF—
immunosuppression in this situation may be harmful (Raghu et al., 2012). Contrary
to previous data suggesting that methotrexate is associated with ILD in patients
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with rheumatoid arthritis, data from studies in the general rheumatoid arthritis
population demonstrated that methotrexate does not increase the risk of RA-ILD
(Roubille and Haraoui, 2014, Juge et al., 2021). For patients with other CTD-ILD
—such as Sjogren’s syndrome, systemic lupus erythematosus, mixed connective
tissue disease, and those with undifferentiated connective tissue disease—there

is a lack of evidence-based therapy (Jee et al., 2021).
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1.2 Combined Pulmonary Fibrosis and Emphysema (CPFE)

IPF and pulmonary emphysema are two different pathophysiological conditions
that have long been recognized (Wiggins et al., 1990, Cottin et al., 2005). IPF is a
chronic ILD characterised by fibrosis of an unknown aetiology. This typically affects
adults and is characterised by a usual interstitial pneumonia histopathological
pattern (Raghu et al., 2011). It is the most common type of the presenting ILDs
and, specifically, the most common of the idiopathic interstitial pneumonias
specifically. IPF has an estimated prevalence approximately 50 per 100,000. Its
prevalence increases markedly with age; in patients younger than 50 it is almost
absent but in those older than 75 it is estimated to be present in 0.2% of people
(Raghu et al., 2006). IPF has a poor prognosis, with a median survival rate of only
three years (Kim et al., 2006).

Chronic obstructive pulmonary disease (COPD) is a very common condition that
is preventable and treatable. It is characterized by airflow limitation and presence
of respiratory symptoms. The airflow limitation is caused by a combination of small
airways, obstructive disease, and destruction of parenchyma (emphysema); the
contribution of the two mechanisms differs from patient to patient. COPD is most
commonly caused by tobacco smoking, indoor and outdoor air pollution, and
occupational exposures. Other contributions like genetics, poor lung growth during
childhood, and airway hyper-reactivity (Eisner et al., 2010, Salvi and Barnes, 2009,
Tashkin et al., 1992) are also believed to be potentially important contributors.
Recently, the presence of both IPF and COPD in the same patient has been
increasingly recognized, presenting as a particularly aggressive ‘overlap’

pathophysiology (Dias et al., 2014).

Co-existing pulmonary fibrosis and emphysema was formally described for the first
time in 1990 by Wiggins et al., who identified eight heavy smokers complaining of
severe breathlessness, with upper lobe emphysema and fibrosis, preserved lung
volumes, and low DLCO (Wiggins et al., 1990).

In 2005, the term combined pulmonary fibrosis and emphysema (CPFE) was first

defined by Cottin et al. who described the CT results of 61 patients with pulmonary
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fibrosis in the lower lobes and emphysema in the upper lobes (Cottin et al., 2005).
Ever since this report, there has been an increased interest in this newly defined
condition. Patients with CPFE typically present with a complaint of severe
breathlessness and cough, are mainly male, and commonly have a history of
heavy smoking. On physical examination, digital clubbing is seen and crackles are
heard in the lower lung lobes. Patients with CPFE also commonly have pulmonary

hypertension, which usually indicates a poor prognosis (Dias et al., 2014).

Patients with combined pulmonary fibrosis and emphysema have different
pulmonary function test (PFT) results than patients with either pulmonary fibrosis
or emphysema alone. In fact, their PFTs show relatively preserved dynamic lung
volumes as a result of the counteracting effect of pulmonary fibrosis and
emphysema. In addition their transfer factor for carbon monoxide (TLCO) is
decreased (Ciccarese et al., 2016). Therefore, TLCO needs to be measured in
order to indicate the physiological impact of the disease pathology that might be
underestimated by dynamic lung volume measurements, such as FVC, which are
used to indicate disease activity in ILD. The median survival in reported series of
people with CPFE has ranged between 2.1 to 8.5 years (Malli et al., 2019, Sugino
et al., 2014, Todd et al., 2011, Zhang et al., 2016b). Patients with CPFE may
therefore have a particular poor prognosis but the scarce literature is variable and

contradictory.

1.2.1 Epidemiology

Patients with fibrotic interstitial lung diseases who are current smokers or former
smokers commonly have emphysema as well. The prevalence of CPFE varies
according to the population examined and the definition criteria applied, ranging
from 8%—67% of patients with IPF (Cottin et al., 2022a). The prevalence of CPFE
in the general population is uncertain because most of the data originates from
patients who have an indication for CT imaging (Cottin et al., 2022b).
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1.2.2 Aetiology

Exposures, ageing, and genetic predisposition

CPFE has been consistently linked to cigarette smoking and being male. CPFE
occurs in males nine time more than that in females, and this difference is not
entirely explained by the longer history of smoking in males (Jankowich and
Rounds, 2012). History of smoking is reported by almost all patients with CPFE,
with an average exposure of 40 pack-years, except for patients with HP or
connective tissue disease (Jacob et al., 2018b, Raghu et al., 2020). Despite its
most common association with cigarette smoking, CPFE can also occur in non-
smokers, but most commonly in patients with CTD. Occupation-related inhalational
exposures, such as asbestosis and silicosis, have also been found to be
associated with CPFE (Akira et al., 2003, Copley et al., 2007, Huuskonen et al.,
2004). In addition, genetic predisposition when combined with other risk factors
like cigarettes smoking, exposures, and/or ageing may increase the likelihood of
developing CPFE (Cottin and Cordier, 2009).

23



1.2.3 Diagnosis

1.2.3.1 Clinical presentation

Patients with CPFE are usually male, with an average age of 65—-70 years. They
present with symptoms of exertional dyspnoea and cough (Cottin et al., 2022a).
Pulmonary hypertension and lung cancer are the most prevalent comorbidities in
CPFE (Caottin et al., 2022a). Peripheral vascular disease, coronary artery disease,
and diabetes are also common comorbidities in CPFE (Zhang et al., 2016b, Girard
et al., 2014).

1.2.3.2 Imaging in combined pulmonary fibrosis and emphysema

Imaging studies play a major role in the diagnosis of CPFE. Even though chest X-
rays are less sensitive than HRCT scans, they can still indicate hyperlucency in
the upper lung fields and an interstitial pattern in the basal lung fields and
subpleural region (Cottin et al., 2005, Dias et al., 2014).

Emphysema appears as areas of low attenuation (Hansell et al., 2008) and can be
classified as centrilobular, paraseptal, or panacinar emphysema (Lynch et al.,
2015). Interstitial fibrosis appears as areas of high attenuation with a reticulation,
ground-glass opacities, honeycombing, and/or traction bronchiectasis (Cottin et
al., 2022a). In patients with CPFE centrilobular or paraseptal emphysema is seen
in the upper lung fields, and septal thickening, reticular opacities, honeycombing,
and ground glass appearance are seen in lower lung fields (Cottin et al., 2005). An
example of CPFE HRCT imaging is shown in (see Figure 2) and (see Figure 3),
which is a HRCT of one our clinic patients here at the Royal Victoria Infirmary

(RVI), Newcastle upon Tyne, United Kingdom.

Matsuoka et al. conducted a study to assess the correlation between quantitative
objectively computed HRCT scans and PFT results in patients with CPFE
(Matsuoka et al., 2015). The percentage of low attenuation area represented areas
with emphysema, while a high attenuation area represented areas with interstitial

fibrotic lesion. They found a significant correlation between indicators of restrictive
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pattern, which is indicated as decrease in FVC, TLC, and FRC with percentage of
high attenuation area. They also found a correlation between DLCO and
percentage of high attenuation area. Therefore, it has been shown that percentage
of high attenuation area may be beneficial in the evaluation of the degree of
fibrosis, and also that pulmonary function is of importance in CPFE (Matsuoka et
al., 2015).
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Figure 2 Typical CPFE feature indicating emphysema in the upper lung field in one of our patients
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Figure 3 Typical CPFE feature showing lower lung field honeycombing that indicates the usual
interstitial pneumonia (UIP) pattern in one of our patients.

Interestingly, a unilateral pattern is displayed here, although this is not always the case.
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1.2.3.3 Pulmonary function tests

Patients with combined pulmonary fibrosis and emphysema have different PFT
results than patients with either pulmonary fibrosis or emphysema alone. This has
important implications for treatment, which is discussed subsequently. The PFTs
of CPFE patients show preserved lung volumes and airflow rates. This is because
pathologically pulmonary fibrosis can cause a traction that supports the small
airway, which prevents them from collapsing on expiration—something that is
observed in emphysema. Physiologically, this tends to preserve the forced
expiratory volume in one second (FEV1) and FVC (Jankowich & Rounds, 2012).
Although preservation of spirometry values is seen in patients with CPFE, some
patients do have airflow obstruction that is observed as post bronchodilation
FEV1/FVC <70% depending on the degree of the fibrotic and emphysematous
aspects of the disease (Kitaguchi et al., 2014).

In contrast, TLCO can be rather significantly decreased in CPFE (Cottin, 2013,
Kitaguchi et al., 2014, Mura et al., 2006). The reduction in diffusing capacity of
carbon monoxide seen in CPFE is caused by a reduction in pulmonary capillary
blood volume and vascular surface area due to pulmonary fibrosis and
emphysema. In addition, thickening of the alveolar membrane caused by
pulmonary fibrosis leads to less efficient gas exchange (Jankowich and Rounds,
2012).

When compared to IPF, patients with CPFE have larger lung volumes FVC and
TLC, similar FEV1, and lower TLCO and carbon monoxide transfer coefficient
(KCO) (Cattin et al., 2022a). Compared to COPD, patients with CPFE have lower
hyperinflation, preserved FEV1, and FEV1/FVC, and lower TLCO (Kitaguchi et al.,
2013). Therefore the degree of pulmonary fibrosis and emphysema correlates
better with the decrease in DLCO and the extent of pulmonary hypertension
(Kitaguchi et al., 2014). Annual changes in PFT results can also show a
significantly more rapid reduction in FEV1/FVC values in patients with CPFE when
compared to patients with IPF alone (Kim et al., 2014); moreover, a significantly
larger decrease in FVC and VC is seen when compared to patients with
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emphysema alone (Kitaguchi et al., 2013). Further, when compared to patients
with emphysema only, the annual decrease in FEV1/FVC is lower in patients with
CPFE (Kitaguchi et al., 2013). Thus, it is recommended to use a combination of
clinical presentation, imaging, and lung function results and there must be less

reliance on FVC trends, as employed in other ILDs (Cottin et al., 2022a).
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1.2.4 Management

1.2.4.1 General management

There are no clinical practice guidelines on the treatment of patients with CPFE.
Management of CPFE is drawn from approaches applied in isolated COPD and
from IPF studies that have subgroups of patients with CPFE (Cottin et al., 2022a).
Smoking cessation should be provided to patients with CPFE along with oxygen
therapy for those with respiratory failure. Patients with CPFE that continue to
smoke have been found to have a worse prognosis than those who stopped
smoking (Chae et al., 2015). In addition, it is reasonable to provide vaccinations
for influenza and S. pneumonia (Papiris et al., 2013). Inhaled bronchodilators can
be given to patients with airflow obstruction (Cottin, 2013). Even though more
studies evaluating the effect of pulmonary hypertension therapy on patients with
CPFE are still needed, the abovementioned therapies may improve

hemodynamics (Mercurio et al., 2012, Sato et al., 2013).

1.2.4.2 Oxygen therapy

Oxygen therapy is provided for patients with resting hypoxaemia, exercise-induced
hypoxaemia, and/or nocturnal hypoxaemia (Zhang et al., 2016a). For patients with
IPF, clinical practice guidelines highly recommend oxygen therapy. (Raghu et al.,
2011) An oxygen saturation of < 88% at rest, during exertion, or at sleep it is an
indication for home oxygen therapy. Prescribing home oxygen therapy should be
based on results of six-minute walk test (6MWT) or treadmill tests, along with

polysomnography or nocturnal oximetry (Lederer and Martinez, 2018).

In patients with IPF with resting hypoxemia, there are no data for evaluating the
use of long-term oxygen therapy (Raghu et al., 2011). Indirect evidence was
derived from patients with obstructive lung diseases from two large randomized
clinical trials, which have shown survival benefits from long-term oxygen therapy.
Therefore, current guidelines recommend the use of long-term oxygen therapy in
patients with IPF with resting hypoxemia, even though there is a low quality of

evidence of its effectiveness (Raghu et al., 2011). Dowman et al. have found that
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the use of oxygen in IPF during exercise relieves exercise-induced hypoxemia,
decreases dyspnoea, and improves exercise tolerance. The use of oxygen at rest
at fraction of inspired oxygen (FiO2) of 0.50 is regarded as safe (Dowman et al.,
2017a). More studies are needed in patients with ILDs when it comes to the use
of ambulatory oxygen and its effect on exercise, quality of life, and breathlessness
(Sharp et al., 2016).

1.2.4.3 Treatment for fibrosis: anti-fibrotic drugs

Pirfenidone and nintedanib are two novel antifibrotic treatments that slow the
progression of mild to moderate IPF disease and other types of progressive
pulmonary fibrosis by approximately 50% at one-year follow up (Richeldi et al.,
2014, King et al., 2014). The National Institute for Health and Care Excellence
(NICE) previous guidelines that recommend pirfenidone and nintedanib for treating
patients with IPF with a predicted FVC of between 50% and 80%. Therefore, NICE
guidelines did not recommend pirfenidone and nintedanib to patients with a
predicted FVC of above 80% (Landells et al., 2013, Laurenson et al., 2016). Since
patients with CPFE have preserved lung volumes with preserved FVC, these
patients were excluded and were not prescribed antifibrotic medications despite
the fact that they have significant and progressing lung disease. Others have been
reporting that antifibrotic medications might be tolerated by patients with CPFE and
help stabilize the progression of the disease (Oltmanns et al., 2014). A subgroup
analysis of the INPULSIS trials for IPF with nintedanib showed no difference in the
effect of treatment when mild to moderate emphysema was present (Flaherty et
al., 2019). But it was not until recently that the (INBUILD trial of nintedanib) study
has shown that in progressive fibrotic lung diseases other than IPF, the effect of
treatment by nintedanib was the same across different types of ILD diseases
(Flaherty et al., 2019). This has led to a change in clinical practice and allows
patients with CPFE to be prescribed nintedanib. In patients with CPFE with HP or
CTD-ILD, immunosuppressive and/or glucocorticoids might be beneficial
(Wijsenbeek and Cottin, 2020).
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1.2.4.4 Treatment for emphysema

Inhaled bronchodilators might be considered for patients with CPFE with significant
airflow limitation (Dong et al., 2015). Surgical/bronchoscopic reduction of lung
volume procedure removes emphysematous areas of the lungs, thereby enabling
normal lung tissue to expand. Most patients with CPFE tend to be excluded from

these procedures due their severely low DLCO (Fishman et al., 2001).

1.2.4.5 Lung transplantation

Lung transplantation should be considered for patients with CPFE at an advanced
disease condition (Jankowich and Rounds, 2012). Age is a relative
contraindication for lung transplantation and diagnostic uncertainty leads to
diagnostic misclassification. Combined with the aggressive nature of the
pathophysiology, this implies that lung transplantation is unlikely to be available for
CFPE patients.

1.2.4.6 Pulmonary rehabilitation

Pulmonary rehabilitation and exercise are provided to patients with CPFE
(Tomioka et al., 2016). Although there is a lack of studies that evaluate pulmonary
rehabilitation in patients with CPFE, exercise and pulmonary rehabilitation are
considered foundational management for patients with COPD and are increasingly
recognized in Fibrotic ILDs (Cottin et al., 2022a).

1.3 Pulmonary Rehabilitation

The American Thoracic society (ATS) and the European Respiratory Society
(ERS) have defined pulmonary rehabilitation in a 2013 statement as “a
comprehensive intervention based on a thorough patient assessment followed by

patient-tailored therapies—which include, but are not limited to, exercise training,
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education, and behaviour change—designed to improve the physical and
psychological conditions of people with chronic respiratory disease and to promote

the long-term adherence of health-enhancing behaviours” (Spruit et al., 2013).

Pulmonary rehabilitation is conducted by an interdisciplinary team comprising of
physicians and other health care professionals, such as physiotherapists,
respiratory therapists, nurses, behavioural specialists, psychologists, Dietitians
exercise physiologists, social workers, and occupational therapists. Pulmonary
rehabilitation should be personalised to specific needs of individual patients, based
on initial and follow up assessments depending on disease severity and
comorbidities. Pulmonary rehabilitation can be initiated at any stage of the
disease, whether clinically stable or during or immediately after the exacerbation
of the disease. The goals of pulmonary rehabilitation include reducing symptom
burden, optimising exercise capacity, encouraging autonomy, increasing patient’s
involvement in daily life activities, improving health related quality of life, and
inducing long-term health-promoting behaviour change (Spruit et al., 2013).

1.3.1 Exercise training

The main concepts of exercise training for patients with chronic respiratory disease
are the same as those for healthy people or even athletes. For exercise training to
be effective, the total training load should represent the individual's unique
requirements, should exceed loads experienced in daily life activities in order to
enhance aerobic capacity and muscle strength (namely, the training threshold),

and should progress with improvement (Spruit et al., 2013).

1.3.1.1 Endurance training
The aim of endurance training is to enhance cardiorespiratory fithess and condition
ambulatory muscles in order to increase exercise tolerance and decrease

shortness of breath and leg discomfort (Armstrong and Vogiatzis, 2019).
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Continuous moderately intensive exercise is recommended to enhance exercise
capacity (Spruit et al., 2013). However, patients with severe ventilatory limitations
cannot tolerate such intensities for a sufficient duration (Maltais et al., 1996). An
alternative for these patients is high-intensity interval exercise training, which
consists of repeated short periods of maximal/high intensity exercise, followed by
periods of rest or low-intensity exercise (Vogiatzis et al., 2002). It has been shown
that with interval training there was a decrease in symptoms of dyspnoea and leg
discomfort, which permitted significantly higher amounts of work to be

accomplished than continuous exercise (Vogiatzis et al., 2004).

Cycling on a cycle ergometer and/or walking on either a treadmill or flat surface
are considered optimal exercises for endurance training (Spruit et al., 2013). The
prescription of endurance training must be tailored to the individual needs of
patients with chronic pulmonary disease. Stationary cycling has the advantage of
providing an accurate implementation of exercise intensity and a higher load on
locomotor muscles, and thereby causing lower oxygen desaturation when
compared to walking (Man et al., 2003). Although for certain patients walking
training on either a treadmill or a flat surface might be more beneficial and can
result in improved walking capacity (Leung et al., 2010). Alternative endurance
exercises include stair climbing, water-based workouts, and Nordic walking

(Armstrong and Vogiatzis, 2019).

1.3.1.2 Strength (resistance) training

Resistance training is preformed through repetitive lifting or pushing of relatively
heavy weights to train peripheral muscle groups. Resistance strength training is
believed to be important for both healthy people and patients with chronic lung
diseases (Garber et al., 2011, Spruit et al., 2013). In patients with chronic lung
diseases, peripheral muscle dysfunction and muscle weakness are common
extrapulmonary features encountered, and resistance training has shown to
partially reverse such features and, therefore, diminish the impairment from the

chronic disease (Troosters et al., 2005). In extant literature, the prescription of
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resistance training varies widely, in terms of the number of repetitions, intensities,
and methods of resistance strength training described (O'Shea et al., 2009). The
ATS/ERS pulmonary rehabilitation guidelines recommend performing 6-12
repetitions in two to four sets with an intensity of between 50% and 85% up to a

maximum of two to three times per week (Spruit et al., 2013).

1.3.1.3 Flexibility and stretching training

A typical component of many pulmonary rehabilitation programmes (is flexibility
and stretching training, which is performed through exercises for the upper and
lower body. It includes stretching of the major muscle groups like the calves,
guadriceps, hamstrings, and biceps, and also motion exercises for the neck and

shoulders (Armstrong and Vogiatzis, 2019).

1.3.2 Pulmonary rehabilitation in ILD

The symptoms experienced by patients with ILD include dyspnoea, fatigue, cough,
anxiety, and depression. Health-related quality of life (HRQoL) is reduced in
patients with ILD and it tends to deteriorate with disease progression. Evidence
supporting pulmonary rehabilitation in ILD is still under development when
compared to the strong evidence base available in support of the use of pulmonary
rehabilitation in other chronic respiratory disease like COPD (Nakazawa et al.,
2017).

A recent Cochrane review was published in 2021 by Dowman et al. reviewing
pulmonary rehabilitation in patients with ILD. This included 21 studies with a total
of 909 patients with ILD (Dowman et al., 2021). They have reported improvements
in BMWT by average of 40 meters. Improvements in quality of life and shortness
of breath were also reported. Patients with IPF when compared to other ILD
conditions have shown to have comparable benefits in exercise capacity, quality
of life, and shortness of breath after pulmonary rehabilitation programme (PRP).
Benefits have been maintained at 6 to 12 months post PRP patients when

compared to those who did not attend PRP (Dowman et al., 2021).
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Exercise training has been associated with short-term gains in patients with ILD.
Aerobic exercises or both aerobic and resistance training have also been used.
Nevertheless, the most efficient exercise training strategy has not yet been
determined in patients with ILD. There have been a variety of exercise durations
and frequencies of pulmonary rehabilitation session per week in reported studies,
but it appears that longer programs with greater number of sessions results in

greater benefits (Dowman et al., 2021).

1.3.2.1 Exercise limitation in ILD

Decreased exercise capacity is a key finding in ILD, and exercise limitation has
been shown to be a better predictor of prognosis than lung function. It has been
found that the six-minute walk distance (6MWD) in patients with IPF is an
independent predictor of mortality (du Bois et al., 2014). Therefore, therapies that
could potentially increase exercise performance have garnered increased interest
due to their potential to positively impact ILD outcomes (Nakazawa et al., 2017).
Multiple factors lead to exercise limitation in ILD including impairment of gas
exchange and pulmonary circulation, muscle dysfunction, and ventilator

dysfunction.

1.3.2.1.1 Impairments to gas exchange and pulmonary circulation

Gas exchange impairment occurs because of membrane thickening and/or
pulmonary capillary destruction, thereby leading to reduced diffusion capacity and
resulting in ventilation perfusion mismatch (Agusti et al., 1991, Nakazawa et al.,
2017). Circulatory limitations due to pulmonary capillary destruction and
pulmonary vasoconstriction due to hypoxemia results in cardiac dysfunction and,
possibly, pulmonary hypertension. It has been shown that ILD patients with
pulmonary hypertension (related to their pulmonary disorder) had shorter 6MWD,
reduced oxyhaemoglobin saturation, and a decreased transfer factor when
compared to patients without pulmonary hypertension (Raghu et al., 2015a).
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1.3.2.1.2 Ventilation limitation

Patients with ILD may have an abnormal respiratory pattern, which may present
as a high respiratory rate and low tidal volume, particularly during exercise.
Nevertheless, an abnormal respiratory pattern may not cause a major limitation in
exercise performance due to the capability of increasing minute ventilation and
having a large ventilator reserve. Therefore, it is believed that factors other than
reduced ventilation play a greater role in the reduced exercise performance in ILD
than ventilation (Hansen and Wasserman, 1996, Harris-Eze et al., 1996).

1.3.2.1.3 Muscle dysfunction

Patients with ILD may have received glucocorticoids and immunosuppressive
therapy, which can cause myopathy (Nakazawa et al., 2017). In patients with
chronic respiratory disease, it has been found that corticosteroids used daily for
over a year significantly reduced muscle function (Levin et al., 2014). In patients
with COPD, an accelerated aging process and deficient nutritional status have an
effect on muscle mass (AJRCCM., 1999). This relationship is still unknown in
patients with ILD (Nakazawa et al., 2017).
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1.3.3 Pulmonary rehabilitation in CPFE

Unlike in COPD, studies evaluating the effectiveness of pulmonary rehabilitation
in patients with CPFE are rather limited. To my knowledge, there are only two
published articles evaluating pulmonary rehabilitation in patients with CPFE; one
is a case report and the other is a retrospective study. In 2015 a case report by De
Simone et al. was the first to explore the effect of an aerobic physical retraining
program for a patient with CPFE. They presented a case of a 65-year-old
Caucasian man with CPFE and respiratory failure who was a previous smoker of
40 pack-years. The patient was receiving long-term oxygen therapy at a flow of
2.5L/min 24 hours a day (De Simone et al., 2015). Their patient underwent an
intervention of four weeks of physical rehabilitation with moderate intensity aerobic
and breathing exercises. The exercise program consisted of two 30-minutes
sessions per day for five days a week. The program consisted of a session of
aerobic exercise, followed by a breathing exercise session. At the end of the
rehabilitation programme, arterial blood gas analysis showed an improvement in
oxygenation which enabled to drop the patient’s long-term oxygen therapy from
2.5 L/min to 1.5 L/min oxygen flow. The reduction seen in oxygen requirement was
explained by De Simone et al. to be possibly due to the strengthening of respiratory
muscles leading to improvements in exercise capacity. There were also
improvements in quality of life, physical performance, and levels of depression and
dyspnoea, but none in respiratory parameters. De Simone et al. concluded that
even though studies with a large patient population evaluating long-term effects
are necessary for conclusive results, PRP with aerobic and breathing exercises
appeared to be beneficial for patients with CPFE and might be considered for their

management (De Simone et al., 2015).

Tomioka et al. conducted a retrospective analysis study to evaluate the effect of
pulmonary rehabilitation in patients with CPFE as compared to with patients with
COPD. The study was conducted in an inpatient pulmonary ward where a three-
week long PRP was performed. (Tomioka et al., 2016). Between March 2007 and
February 2015, 17 participants with CPFE and 49 patrticipants with COPD were
included and completed the PRP. In participants with CPFE, improvements were
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seen in FEVi; nevertheless, there was no significant improvement seen in the
6MWT, Borg scale, oxygen saturation (Sp0O2), and distance. Regarding HRQL,
significant improvements were seen in physical function; however, there was a
significant worsening in social functioning. In participants with COPD,
improvements were seen in FEV1, six min walk test, and in four of the eight SF-36
subscales. Tomioka et al. concluded that patients with COPD obtained greater
benefit from the short-term pulmonary rehabilitation than patients with CPFE. They
recommended that future research should concentrate on developing a PRP
specifically tailored to patients with CPFE (Tomioka et al., 2016).
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1.4 Inspiratory Muscle Training

1.4.1 Background

While breathing, respiratory muscles are responsible for producing airflow to the
lungs by lifting the ribs and expanding the chest wall during inspiration as well as
reducing intrathoracic pressure and airway resistance (Gransee et al.,, 2012).
According to a literature review conducted by Powers et al., endurance respiratory
training increases the number of fibres and mitochondrial activity in the respiratory
muscles. This review demonstrated the beneficial effects of training, indicating a
decrease in oxidative stress and a delay in respiratory muscle exhaustion (Powers
and Criswell, 1996).

1.4.2 IMT and chronic respiratory diseases
The ATS and ERS have recommended the addition of inspiratory IMT to PRPs for
the treatment of patients with chronic lung diseases, particularly when inspiratory

muscle weakness is present (Nici et al., 2006, Spruit et al., 2013).

A systematic review and meta-analysis in patients with COPD that evaluates the
effect of IMT has shown that IMT in isolation was an effective therapeutic technique
for enhancing inspiratory muscle strength, functional capacity, and lung function in
patients with COPD, with no change in quality of life and dyspnoea (Figueiredo et
al., 2020). Although IMT has been extensively evaluated in patients with COPD
and asthma, studies evaluating IMT patients with ILD are limited and more data
needed. A recent systematic scoping review by Hoffman et al. evaluating IMT in
patients with ILD have shown that the addition of IMT in the treatment of patients
with ILD requires further investigation, as only few studies currently confirm its
efficacy. They have concluded stating that there is a gap in the literature about the
effects of IMT on patients with ILD, despite the fact that published limited research
tend to reveal advantages in terms of improvement in quality of life, activities of
daily living, and exercise ability (Hoffman, 2021).
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1.5 Summary

There are over 200 different ILDs, with IPF being the most prevalent. Patients with
ILD present with symptoms of dyspnoea, coughing, and fatigue. CPFE is the co-
existence of IPF and emphysema in the same patient. Patients with CPFE also
present with symptoms of exertional dyspnoea and cough. Compared to other
chronic respiratory diseases, such as COPD, evidence supporting pulmonary
rehabilitation in patients with ILD is limited and still developing. In particular there
is a need to evaluate the effect of pulmonary rehabilitation in patients with CPFE.
Although the ATS and ERS have recommended the addition of IMT to PRPs for
the treatment of patients with chronic lung diseases, there is a gap in the literature
regarding the effects of IMT on patients with ILD. Future research should focus on
evaluating PRP, the role of IMT, and the most effective exercise training strategy
for patients with ILD. Future work to develop PRP tailored specifically to patients
with CPFE is also needed.
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This chapter was published in the Pulmonary Therapy Journal 11 February 2023.
[Early Diagnosis and Treatment of Idiopathic Pulmonary Fibrosis: A Narrative
Review. Alsomali H, Palmer E, Aujayeb A, Funston W Pulm Ther. 2023
Jun;9(2):177-193].

Chapter 2: Early Diagnosis of Idiopathic Pulmonary Fibrosis: A

Narrative Review

2.1 Introduction

2.1.1 What is idiopathic pulmonary fibrosis?

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive fibrosing interstitial
lung disease of unknown cause (Raghu et al.,, 2022). It is characterised by
irreversible loss of lung function due to lung fibrosis and typically presents with
symptoms of chronic exertional dyspnoea and dry cough over a period of months
to years (Lederer and Martinez, 2018, Raghu et al., 2022).

IPF remains a rare disease with worldwide incidence recently reported as 0.09-1.3
and prevalence of 0.33—-4.51 per 10,000 (Maher et al., 2021). The prevalence of
IPF appears to be increasing though it is unclear whether this reflects increased

recognition or a true increase in incidence (Lederer and Martinez, 2018).

The prognosis for people living with IPF remains poor with a median life
expectancy of three to five years from diagnosis if left untreated. Despite the
development of antifibrotic medications to slow disease progression, IPF remains
an incurable and an ultimately fatal interstitial lung disease. Early diagnosis is
crucial to ensure timely treatment selection such as consideration of antifibrotic
medications, supportive and palliative therapies, and, if appropriate, referral for
lung transplantation (Aiello et al., 2017, Mori and Kondoh, 2021).
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2.2 Early-Stage Diagnosis in IPF

2.2.1 Clinical presentation

IPF is usually diagnosed in the sixth or seventh decade of life and is uncommon
below the age of 50 years (Raghu et al., 2014, Raghu et al., 2006). Risk factors
for IPF include older age, male sex and a history of cigarette smoking (Cottin et
al., 2022b). Typically, IPF presents with chronic exertional dyspnoea, chronic dry
cough, fatigue and a gradual decline in ability to undertake activities of daily living.
Symptoms can be present for many months to years. Bilbasal ‘velcro-like’ mid to
end inspiratory crackles on chest auscultation, nail clubbing and resting
hypoxaemia or exertional desaturation are common physical examination findings.
Patients with early IPF may be asymptomatic with typical radiological features
identified incidentally on cross-sectional imaging performed for other reasons
(Yamazaki et al., 2022).

2.2.2 Pulmonary function tests

Pulmonary function tests provide a non-invasive quantitative measure of the
severity of IPF and repeated testing to monitor disease course has become the
cornerstone of current practice (Kirtland and Winterbauer, 1997). In patients with
suspected IPF, lung function studies typically identify a reduced forced vital
capacity (FVC), reduced total lung capacity (TLC) and a reduction in the diffusing
capacity of the lung for carbon monoxide (DLCO) (Lederer and Martinez, 2018).

Patients with early IPF may have normal or only mildly impaired lung function
parameters (Jo et al., 2018). Moreover, the course of IPF can be highly
unpredictable with significant variation across individuals ranging from patients
who have gradual worsening of lung function over years to those who decline
rapidly from disease onset (Albera et al., 2016, Ley et al., 2011). Baseline lung

function alone is therefore a poor predictor of mortality in IPF (King et al., 2001)
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and composite scoring systems such as the Gender at birth-Age-Physiology (GAP)

index may offer better prognostic accuracy (Barratt et al., 2018) (see section 2.3).

A recent analysis from the Australian IPF registry found that patients with IPF with
mild physiological impairment (FVC = 80%) had better survival than patients with
moderate to severe disease (FVC <80%). However, the overall rate of disease
progression was comparable thus suggesting that better survival in early disease
simply reflects an earlier point on the natural history of IPF (Jo et al., 2018).
Similarly, post-hoc analyses of major clinical drug trials in IPF have found that the
rate of FVC decline is similar between patients with more preserved FVC (= 80%)
and those with less preserved FVC (< 80%) (Albera et al., 2016, Kolb et al., 2017).

Research also indicates that patients with early IPF (based on pulmonary function
test results) have fewer episodes of acute exacerbation than those with advanced
disease (Kolb et al., 2017, Kondoh et al.,, 2010, Song et al., 2011). Artificial
intelligence (Al) software capable of interpreting spirometry has been developed
and validated and has demonstrated superiority in accurate interpretation over
pulmonologists, whose interpretations are prone to variability and error (Topalovic
et al.,, 2019). Ray et al. drew upon United Kingdom Biobank data to investigate
whether Al software can detect ILD based on a spirometry measurement obtained
before patients received an ILD diagnosis. Data from subjects who had ILD as a
documented cause of death, had performed an acceptable spirometry
measurement up to 7 years prior to their death and had not received an ILD
diagnosis on the date of their spirometry measurement were analysed. Spirometry
data and subject demographic information were used as inputs into an Al software
system. In 27% of cases, Al software identified patients with ILD up to 6.8 years
before a clinician’s diagnosis. Most of these cases had normal lung function (using
standard interpretation guidelines), indicating that artificial intelligence software
may be able to identify ILD before standard spirometry interpretation (Ray et al.,
2022). These studies show that Al interpretation of spirometry in the primary care
setting has the potential to improve diagnosis of ILD leading to earlier referrals to
specialist ILD centres.
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2.2.3 High resolution computed tomography (HRCT)

IPF is restricted to the lungs and is characterised by the radiographic pattern of
usual interstitial pneumonia (UIP) on high resolution computed tomography
(HRCT) imaging of the chest (Raghu et al., 2018a).

2.2.3.1 The ATS/ERS/JRS/ALAT's 2018 clinical practice guidelines for
diagnosis of IPF

2.2.3.2 Features of the UIP pattern on HRCT

UIP pattern interstitial lung disease on radiology is typically subpleural in
distribution and with an apicobasal gradient (Raghu et al., 2018a) Characteristic
HRCT features of UIP include honeycombing, traction bronchiectasis, and traction
bronchiolectasis with the possible presence of ground glass opacification and fine
reticulation (Raghu et al., 2018a). Honeycombing is characterised by clustered
cystic airspaces with thick, well-defined walls of normally uniform diameter of 3-10
mm with some occasionally larger cysts. Typically, with honeycombing there is
also a reticular pattern of traction bronchiectasis and bronchiolectasis present
(Hansell et al.,, 2008). Traction bronchiectasis and bronchiolectasis is a key
characteristic indicating pulmonary fibrosis, ranging from minor irregularity and
non-tapering of the bronchial and/or bronchiolar wall to severe airway distortion
(Sumikawa et al., 2008, Edey et al., 2011).

2.2.3.3 HRCT patterns of IPF

The ATS/ERS/JRS/ALAT’s 2018 clinical practice guidelines for diagnosis of IPF
recommend using four diagnostic classifications to describe HRCT features: UIP
pattern, probable UIP pattern, indeterminate UIP pattern, and alternative diagnosis
(Raghu et al.,, 2018a). The UIP pattern is the hallmark HRCT feature of IPF.
Honeycombing—with or without traction bronchiectasis or bronchiolectasis—must
be present in the HRCT for a definite UIP pattern diagnosis. Sometimes, mild

ground-glass opacification may also be present, usually superimposed on a
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reticular pattern. To justify a probable UIP pattern diagnosis, a basal predominant
subpleural reticular pattern with peripheral traction bronchiectasis or
bronchiolectasis must be present. Ground-glass opacification may also be present
in patients with probable UIP, but it is not the main abnormality. An indeterminate
UIP pattern diagnosis is considered when the HRCT scan captures features of
fibrosis that do not meet the criteria for definite UIP or probable UIP pattern and
when no signs point to an alternative diagnosis. An alternative diagnosis is made
when the HRCT pattern suggests another diagnosis. In some cases, the HRCT
pattern may suggest a definite UIP, probable UIP, or indeterminate UIP while
additional results indicate an alternative diagnosis. In these cases, an alternative
diagnosis should be taken into account (Raghu et al., 2018a). This guideline was
updated in 2022, but the four diagnostic classifications of HRCT features remained
unchanged (Raghu et al., 2022).

2.2.3.4 Early IPF based on HRCT

In patients with IPF, the degree of fibrosis on HRCT imaging can be determined
by two components: the extent of the fibrosis (% fibrosis) and the radiological
features of the fibrosis. While a small percentage of fibrosis on HRCT imaging
probably indicates early IPF, there are no standardised cut-off points that define
the extent of fibrosis for characterising early IPF. Several studies have found that
the extent of fibrosis on HRCT scans in patients with IPF is associated with
mortality. Among patients whose scans showed idiopathic interstitial pneumonias
(IIPs) with a UIP pattern, an HRCT fibrosis score of >30% predicted a worse
prognosis (Romei et al., 2015). Ley et al. modified the GAP model (which considers
gender at birth, age, and physiology with FVC and diffusing capacity of the lungs
for carbon monoxide (DLCO) by replacing the DLCO with the HRCT scan’s extent
of fibrosis score. This was divided into three categories (10%, 11%—-30%, >30%),
with more fibrosis being associated with an increased risk of mortality (Ley et al.,
2014). These studies suggest a fibrosis score of either <30% or <10% as a cut-off
point for defining early IPF.
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Looking at the features of fibrosis, the presence of honeycombing and traction
bronchiectasis may indicate advanced features of IPF, as some patients with an
inconsistent or possible UIP pattern on their HRCT eventually develop a definite
UIP pattern over months or years (De Giacomi et al., 2018, Yamauchi et al., 2016).
Several studies have identified a poor prognosis for patients with fibrotic lung
disease that shows features of honeycombing on HRCT(Flaherty et al., 2003, Akira
et al., 2011, Edey et al., 2011). In an observational study using data from five
hospitals in the United States, Adegunsoye et al. evaluated the prognostic value
of the presence of honeycombing among various ILD subtypes. Honeycombing
was prevalent in various ILD subtypes and was associated with a higher mortality
rate than among those without honeycombing. It is proposed that the
honeycombing seen in the HRCT of patients with ILD indicates a progressive
fibrotic ILD. In patients with IPF, no difference in mortality was found on the basis
of the presence of honeycombing, probably because IPF is already a progressive
fibrotic ILD phenotype (Adegunsoye et al., 2019). One study found that patients
with IPF and a possible UIP pattern on their HRCT had better survival than those
with a definite UIP pattern (Salisbury et al., 2017), while others found no
differences in survival between patients with possible UIP and those with definite
UIP-pattern IPF (Lee et al., 2015). Using data drawn from the INPULSIS trials,
Raghu et al. evaluated differences in prognosis between the diagnostic subgroups
of IPF as well as their responses to the antifibrotic medication nintedanib. They
found that patients with a possible UIP pattern with traction bronchiectasis on their
HRCTs had a similar disease progression and responded similarly to nintedanib
as patients whose IPF showed a definite UIP pattern (Raghu et al., 2017).

In diagnosing and evaluating patients with IPF, HRCT plays a crucial rule. The
current standard of visually assessing HRCT scans to determine IPF disease
extent is hindered by interobserver variation with poor reproducibility. This has led
to research evaluating objective automated computed tomography analysis.
Several systems have been developed for the automated analysis of HRCT scans
(Wu et al., 2019). CALIPER (Computer-Aided Lung Informatics for Pathology
Evaluation and Rating) is a novel tool that can be used for the analysis and
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guantification of lung abnormalities on HRCT imaging. Jacob et al. have shown
that in patients with IPF, automated quantitative computed tomography using
CALIPER had superior performance compared to visual scoring (Jacob et al.,
2016). Several studies have demonstrated the value of automated quantification
of computed tomography in predicting survival (Maldonado et al., 2014, Humphries
et al., 2022)and FVC decline (Romei et al., 2020, Jacob et al., 2018a).
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2.2.4 Index systems

Several composite scoring systems have been developed in aiming to accurately

prognosticate in patients with IPF (see Table 1). These include the Composite
Physiologic Index (CPI) (Wells et al., 2003), du Boise score (du Bois et al., 2011)
(see Table 2), and the Gender at birth-Age - Physiology (GAP) index and staging
system (Ley et al., 2012) Table 3.

Table 1 Different composite scoring systems in IPF and their predictor components

Composite scoring
systems in IPF

Predictors

Composite physiologic
index (CPI)

Extent of disease on CT= 91.0 — (0.65 X percent predicted
DLCO - (0.53 X percent predicted FVC) + (0.34 X percentage
predicted FEV1)

Du Boise score

Age

24-week history of respiratory hospitalization
FVC % predicted

24-week change in FVC %predicted

GAP index and staging

system

Gender at birth
Age (years)
Physiology

FVC %predicted
DLCO %predicted
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Table 2 Du Boise mortality risk scoring system for patients with IPF.

First, Individual scores are summed for each

risk factor

Risk factors

Score

Age

=70

60-69

<60

Recent respiratory
hospitalization

Yes

No

Baseline FVC %predicted
<50

51-65

66-79

280

24-week change in FVC %
predicted

<-10

-5t0-9.9

>-4.9

14

18
13

21
10

Second, expected 1-year probability of

death is identified corresponding to total risk

score

Total risk score Expected 1-year risk
of death

0-4 <2%

8-14 2-5%

16-21 5-10%

22-29 10-20%

30-33 20-30%

34-37 30-40%

38-40 40-50%

41-43 50-60%

44-45 60-70%

47-49 70-80%

>50 >80%
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The GAP index is the most widely used for assessing patients with IPF. This simple
tool uses commonly available clinical and physiological variables to predict
prognosis in patients with IPF. The GAP index is derived from data on patients’
gender at birth, age and respiratory physiology (which includes the percentage
predicted of forced vital capacity (FVC %) and percentage predicted of diffusing
capacity for carbon monoxide (DLCO %) (see Table 3.). The GAP index and
staging system classifies patients with IPF into three stages: stage | (0-3 points),
stage Il (4-5 points), and stage 1l (6-8 points), with a higher GAP stage signifying
more progressed IPF. The GAP index and staging system is an easy and quick

screening approach in evaluating risk in patients with IPF (Ley et al., 2012).

Composite scoring systems capture various aspects of the disease’s
pathophysiology and offer a broader range of prognostic information. The optimal
composite scoring system for staging IPF has not yet been determined, as all the
published systems have limitations in either methodology, design, population,
sample size or follow-up period (Rozanski and Mura, 2014). Patients in early
stages as determined by composite scoring systems may be considered as having
early IPF.
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Table 3 The GAP index and staging system.

Predictor Points
Gender at birth Female 0
Male
Age (years) <60 0
61-65
>65 2
Physiology FVC % predicted
>75 0
50-75
<50 2
DLCO % predicted
>55 0
36-55 1
<35 2
Cannot perform 3
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2.3 Awareness among primary care physicians

IPF can be difficult to diagnose in its early stages due to overlap of symptoms with
other more common conditions. As patients with IPF usually present with
symptoms of cough and shortness of breath, their symptoms are often attributed
to ageing, smoking or more prevalent respiratory or cardiovascular conditions
(Hoyer et al., 2019). Moreover, patients with early disease may have minimal
symptoms or subtle clinical signs and as such, diagnosis necessitates a high index
of clinical suspicion among primary care physicians. Patients with IPF frequently
endure significant delays before diagnosis, with a recent study finding an average
delay of 2.1 years from the onset of symptoms to diagnosis (Hoyer et al., 2019).
Furthermore, ratifying a diagnosis of IPF requires a specialised, multidisciplinary
team with expertise in interstitial lung disease (Martinez et al., 2017, Raghu et al.,

2018a), which is typically only available in specialist centres (Furini et al., 2019).

Primary care physicians are often the first to consult with patients with suspected
IPF and are responsible for referral to specialised ILD centres for confirmation of
diagnosis and management. Recently, Silva et al. evaluated primary care
physicians’ awareness of the main ILD subtypes, including IPF. Their
guestionnaire assessed the respondents’ degree of awareness of the basic
diagnosis and management of the main ILD conditions, including IPF, in five health
care centres in Portugal. The participants performed acceptably in the sections
related to hypersensitivity pneumonitis, connective tissue disease ILD,
sarcoidosis, and drug-induced ILD, but, unfortunately, their level of awareness of
IPF was deemed to be poor (Silva et al., 2022). The critical role that primary care
physicians play in the early diagnosis of IPF highlights the need for educational
intervention to raise awareness of interstitial lung disease in this setting. This in
turn could result in rapid referral of patients to specialist centres and ongoing
dialogue between pulmonologists and primary care physicians during patient
follow up (Silva et al., 2022).
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2.4 Lung Cancer Screening and Early IPF Detection

In several studies, patients who underwent computed tomography (CT) for lung
cancer screening were found to have interstitial lung abnormalities (ILAs) (Jin et
al., 2013, Hewitt et al., 2022, Mackintosh et al., 2019), and some reported ILD
(Sverzellati et al., 2011). ILAs are identified when a CT scan finding indicates a
potential diagnosis of ILD in patients without clinical suspicion of ILD or in patients
with an abdominal CT scan showing only the lower lung lobes. ILA is solely a
radiological term that refers to the incidental finding of a CT abnormality (Hatabu
et al., 2020).

In Hewitt et al.’s recently published analysis of people who ever-smoked aged 55—
75 years who were invited for lug health check through low-dose CT (LDCT) lung
cancer screening, ILA was found in 78 of 1,853 (4.2%) in the cohort. 59 participants
(3.2%) of the ILA group met the criteria for ILD specialist evaluation, and a
diagnosis of ILD was made in 28 patients (1.51%) who underwent LDCT
screening, with IPF being present in half those cases. In the same population, lung
cancer was found in 2.5% of patients, and the incidence of ILD in this study was
comparable to that of lung cancer (Hewitt et al., 2022). Therefore, lung cancer
screening provides an opportunity for early ILD detection and treatment, potentially
leading to better patient outcomes. This strategy’s resource efficiency and cost-
effectiveness in the context of international healthcare settings merits additional

analysis (Hewitt et al., 2022).

2.5 When to Treat IPF: The Importance of Early Diagnosis

Antifibrotic medication with pirfenidone or nintedanib is recommended for patients
with IPF by international guidelines. Randomised clinical trials have shown that the
antifibrotic medications pirfenidone and nintedanib slow lung function decline as
reflected by FVC (Richeldi et al., 2014, King et al., 2014).

Pirfenidone is a synthetic compound that has antifibrotic, anti-inflammatory, and
antioxidant characteristics. It accomplishes this by inhibiting pro-fibrotic growth

factors like transforming growth factor beta, inhibition of the production of
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inflammatory cytokines (e.g. tumour necrosis factor- a) and decreasing lipid
peroxidation and oxidative stress (lyer et al., 1999). Pirfenidone was evaluated in
both the CAPACITY (Noble et al., 2011) and the ASCEND (King et al., 2014) trials
and demonstrated reduction in the progression of IPF as indicated by changes in
FVC, exercise tolerance (6-minute walk test), and progression free survival (King
et al., 2014).

Nintedanib is an intracellular inhibitor that targets several tyrosine kinases like
fibroblast growth factors, vascular endothelial growth factors and platelet-derived
growth factor receptors (Hilberg et al., 2008). In the INPULSIS trials, nintedanib
slowed the decline in FVC over a 52-week treatment period in patients with IPF
(Richeldi et al., 2014).

Albera et al. evaluated data pooled from the ASCEND (King et al., 2014) and
CAPACITY (Noble et al., 2011) studies to assess the effect of pirfenidone in
patients with IPF with preserved baseline lung volume versus patients with
impaired lung volume (FVC 280% vs. FVC <80% predicted) or by GAP index stage
(stage | vs. stage lI-111). They concluded that the efficacy of pirfenidone was similar
regardless of FVC or GAP stage (Albera et al., 2016).

In a post hoc analysis using data from the ASCEND (King et al., 2014) and
CAPACITY (Noble et al., 2011) studies, Nathan et al. assessed the efficacy of
pirfenidone in patients with IPF with advanced lung function impairment (FVC
<50% predicted and/or DLCO <35% predicted). They found that pirfenidone
significantly mitigates the decline in FVC, risk of all-cause mortality and respiratory-
related hospitalisation. These results indicate that pirfenidone is beneficial in
patients with IPF and advanced lung function impairment with no increased risk of

adverse treatment events (Nathan et al., 2019).

Kolb et al. analysed pooled data from the INPULSIS trials (Richeldi et al., 2014)
and found that patients with IPF who have preserved lung volume experience a
similar rate of FVC decline and a similar benefit from nintedanib as patients with
more impaired lung volume. Their post hoc subgroup analyses compared
participants with FVC <90% predicted with those having FVC >90% predicted. In
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patients with FVC >90% predicted, the annual rates of FVC decline in the
nintedanib group vs. the placebo group were -91.5 ml/year and -224.6 ml/year,
respectively, a difference of 133.1 ml/year. In the group of patients with FVC <90%
predicted, the annual FVC decline in the nintedanib group vs. the placebo group
were -121.5 ml/year and -223.6 ml/year, respectively, a difference of 102.1 ml/year
(Kolb et al., 2017). Costabel et al. report similar findings, with nintedanib having a
similar effect of slowing disease progression in patients with IPF with a baseline
FVC <70% predicted compared to those with a baseline FVC >70% predicted
(Costabel et al., 2016). Nintedanib has shown acceptable long-term safety and
tolerability, allowing patients with IPF to use it for long periods to slow disease
progression (Crestani et al., 2019). The results of these studies encourage the
prompt initiation of the antifibrotic medications pirfenidone and nintedanib in

patients with IPF, regardless of the severity of disease.

IPF is commonly diagnosed late, as its symptoms are often misdiagnosed as those
of more common diseases, such as asthma, chronic obstructive pulmonary
disease (COPD) or heart disease, resulting in delayed referrals to specialist
centres (Schoenheit et al., 2011). An early diagnosis of IPF may lead to earlier
treatment with antifibrotic medications and even though individual clinical trials
were not sufficiently powered to demonstrate significant effects on acute
exacerbations and mortality, evidence is growing supporting the effects of
pirfenidone and nintedanib in decreasing the risk of acute decline in lung function
and improving life expectancy by slowing the progression rate of IPF. Antifibrotic
medications have demonstrated efficacy in slowing the rate of FVC decline and in
improving outcomes in patients with IPF. Given that the progress of a patient’s
condition cannot be anticipated at diagnosis and considering the poor overall
prognosis of untreated IPF, antifibrotic medications should be considered for all
patients with IPF (Maher and Strek, 2019)
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Chapter 3: A Retrospective Cohort Study of Characteristics of
Patients with Combined Pulmonary Fibrosis and Emphysema

and the role of GAP staging

3.1 Introduction

The simultaneous presence of both emphysema and pulmonary fibrosis was first
reported in 1990 by Wiggins et al., who described eight patients with a history of
heavy smoking who presented with severe breathlessness. These patients had
concurrent upper lobe emphysema and fibrosis, and their lung function tests
showed preserved dynamic lung volumes and markedly reduced lungs diffusion
capacity. The authors note that the use of HRCT was valuable in determining the
severity of breathlessness and gas transfer impairment in the patients (Wiggins et
al., 1990). The term combined pulmonary fibrosis and emphysema was first
introduced by Cottin et al. in 2005. In their study, the HRCT results of 61 patients
showed upper lobe emphysema and lower lobe fibrosis. The patients were mainly
men with a history of heavy smoking and usually presented with severe
breathlessness and cough. On physical examination, basal lung crackles were
heard, and digital clubbing was observed in the patients (Cottin et al., 2005).
Pulmonary hypertension is also frequently observed in patients with CPFE and
commonly signals a poor prognosis (Cottin and Cordier, 2009, Cottin et al., 2010).
Since Caottin et al. 2005 report, the newly identified condition has drawn increased

interest and international recognition.

The ATS and ERS update on the classification of idiopathic interstitial pneumonias
describes CPFE as a coexisting pattern of pulmonary fibrosis and emphysema and
does not consider it a distinct idiopathic interstitial pneumonia. This demonstrates

the need for further research (Travis et al., 2013).
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3.1.1 Studies describing patients with CPFE

A single centre retrospective cohort study was conducted by Kishaba et al. in a
Japanese cohort to evaluate the characteristics and predictors of mortality in
patients with CPFE, identifying 93 patients with CPFE via HRCT scans and a
multidisciplinary meeting. In their study, patients were excluded who had
occupation-related ILD, such as asbestosis, silicosis, drug-associated ILD and
CTD-ILD. The authors found that, in their cohort, patients with CPFE had poor
survival. The presence of finger clubbing was independent predictors of mortality
in this group of patients. The researchers also found that patients with CPFE
frequently developed acute exacerbations. Levels of Kerbs von Lungren 6 antigen
(KL-6) (a mucinous glycoprotein of high molecular weight) was found to be a
valuable predictor of acute exacerbations (Kishaba et al., 2012). Recently, Malli et
al. (2019) published a study evaluating the characteristics of patients with CPFE
and examining prognostic factors in a Greek cohort. This nationwide retrospective
study included 97 patients with CPFE. The authors found that the lung function
tests of CPFE patients revealed preserved dynamic lung volume and reduced
DLCO. They also found that decreased DLCO and increased extent of ILD as

determined by HRCT were associated with a poor prognosis (Malli et al., 2019).

As CPFE is a recently recognized, uncommon lung condition that has only lately
drawn interest from researchers and clinicians, the above-mentioned studies of
Kishaba et al. and Malli et al. represent the only published research describing the
characteristics of patients with CPFE. This indicates the need for an audit
describing the characteristics of patients with CPFE in a large United Kingdom

cohort.

3.1.2 GAP score
The multidimensional GAP index and staging system was developed to assess
patients with IPF. This simple tool uses commonly available clinical and
physiological variables to predict prognosis in patients with IPF (Ley et al., 2012).
The score is derived from data on patients’ gender at birth, age and respiratory
physiology (GAP).
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3.1.3 Contradictory findings for CPFE prognosis in the literature

The literature has yielded contradictory findings in terms of the prognosis of
patients with CPFE compared to patients with IPF (Mejia et al., 2009, Todd et al.,
2011). Some studies report a worse prognosis for CPFE than for IPF, while others
report a better prognosis for patients with CPFE (Malli et al., 2019, Todd et al.,
2011), so more research is needed to determine prognostic variables that can

predict the clinical course and guide management in patients with CPFE.

The main aim of this PhD research is to evaluate the effect of pulmonary
rehabilitation in patients with CPFE. Thus, an audit would contribute to locating
and determining the number of patients with CPFE in the regional clinic,
information which would then inform my plan to approach patients for the
pulmonary rehabilitation research. The aim of this specific chapter, therefore, was
to describe the characteristics of patients with CPFE in a UK cohort through the
Northeast regional ILD clinical service, evaluate CPFE patients’ survival time, the
role of the GAP score and staging system and the modified GAP (mGAP) score in

patients with CPFE and compare the results with published data.
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3.2 Methodology

3.2.1 Audit

This five-year retrospective single-centre study was conducted at the regional ILD
clinic at the RVI hospital, Newcastle upon Tyne, UK. The ILD clinic at RVI is
considered to be a centre of expertise in ILDs and receives general practitioners’
referrals from the whole Northwest and Northeast of England. (see Figure 4).

Figure 4 Regions of the UK with the Northeast and Northwest regions circled in red (Image: UK
website of the European Parliament Liaison Office)

An ILD multidisciplinary team (MDT) comprising members of both the pulmonary
and radiology departments meets twice monthly at the RVI to consider referrals.
When a patient with an ILD is identified, an appointment is made for the patient to
be seen by the ILD team. Excel sheet was used to develop a data abstraction

instrument for the researcher to record required data.

The ILD multidisciplinary team file records of all patients discussed by the team
were used to obtain patients’ medical record numbers. Then, patients’ records
were accessed by the researcher through the RVI hospital electronic record
system. All patients discussed by the ILD team from January 2014 through

December 2018 (a five-year period) were reviewed. Due to time constraints, we
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considered five years period for the retrospective study to be appropriate. Only

patients with a diagnosis of CPFE were included in this study.

Patient data in this study were obtained from the electronic medical record system
at the RVI hospital. Demographic, clinical, and physiological data were collected,
including age, sex, weight, body mass index (BMI), type of fibrosis, dyspnoea
scores, smoking status, oxygen use, anti-fibrotic medications, environmental
exposures and point-of-diagnosis pulmonary function. Data were collected from
the initial diagnosis of CPFE point and no follow up data collection was performed.

In the event there were missing data, they were identified as such.

3.2.2 Study population

Participants were included in this study who had a final diagnosis of CPFE as
determined by the ILD multidisciplinary team meeting, which reviewed both patient
history and HRCT to reach a diagnosis.

3.2.3 Survival analysis
The survival time of patients with CPFE was analysed in this study using Kaplan-
Meier survival analysis. Survival was calculated from diagnosis by the ILD MDT

until either death or the end of study.

3.2.4 GAP score analysis

3.2.4.1 GAP score

The collected GAP score data included gender at birth, age, and physiological
variables of FVC% and DLCO percentage predicted (DLCO%) (see Figure 5) (Ley
et al., 2012). In this study the GAP score was calculated by the researcher and

was not extracted from the medical records.
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Predictor Points

Gender
G Female 0
Male 1
Age years
A =60 0
&1-65 1
=45 2
Physiology
FVC % predicted
=75 0
a0-75 1
<50 Z
P Lo % predicted
=55 ]
36-55 1
35 2z
Cannot perform 3
Maximum possible points=8. FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon

monoaxide.

Figure 5 Method for calculating GAP index (Ley et al., 2012)

3.2.4.2 mGAP index

This study also collected scores on the mGAP index, a modification of (Kobayashi
et al., 2017) original GAP score that consists of gender at birth, age and FVC%.
The mGAP index score ranges from 0 through 5 and is calculated as follows:
gender at birth (female = 0, male = 1), age in years (< 60 =0, 61-65 =1, > 65 = 2)
and FVC% (> 75% = 0, 50%—75% = 1, <50% = 2). The mGAP index has two

stages, stage | (0—3 score) and stage Il (4-5 score).

3.2.4.3 dGAP score

This study also modified the GAP score by removing the FVC% and keeping the
DLCO%. The resulting diffusion GAP score (dGAP) consists of gender at birth,
age, and DLCO%.
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3.2.5 Statistical analysis

Descriptive statistics and frequencies were calculated. Descriptive data were
expressed as means + standard deviation for continuous variables, and as
percentages for categorical variables. Unpaired t-test and Mann-Whitney U tests
were utilised to compare the results for continuous variables, and chi-square and
Fisher's exact tests were utilised for categorical variables. The primary outcome
was mortality, which was defined as the time from the initial diagnosis of CPFE till
either death or censoring at the last data patients were known to be alive, The
Kaplan-Meier method was used to produce survival curves, and the log-rank test
was used to analyse statistical significance difference between the three GAP
stage groups. The multivariate cox regression analysis was used to assess
predictors of mortality in patients with CPFE. A p-value of < 0.05 was defined as
statistically significant. Statistical analysis was conducted with IBM SPSS software

version 25.
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3.3 Results

3.3.1 Demographics

From a total reviewed clinic population of 3,063 patients, this study identified 203
patients with CPFE, or around 6.6% of the ILD clinic population. Of the 203 patients
with CPFE, 149 (73%) were referred to and treated at RVI's ILD clinic (see Figure
6), while the rest were only discussed at the ILD team meeting. The CPFE group
as a whole were relatively old and overweight, with a mean and standard deviation
(SD) of age and BMI of 72 years (8.7) and 28.1kg/m2 (4.4), respectively (see Table
4). Based on their BMIs, 33 (23.4%) patients were of normal weight, 65 (46.1%)
were overweight and 43 (30.5%) were obese; none were underweight, and BMI
data were missing for 8 (5.4%) participants. In terms of the classification of those
who were obese, 34 (79.1%) were in class 1, 8 (18.6%) in class 2 and 1 (2.3%) in
class 3. The majority of the patients were male (81.9%). At the time of the study’s
completion, around half (50.3%) of the patients had passed away. Most of the
sample (86%) were former smokers, 11% were current smokers, 2.7% had never
smoked and 0.7% lacked data. Forty-seven percent of the population used oxygen,
while 51.7% did not use oxygen and two patients (1.3%) were missing data (see
Table 4)..
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3063 Referred cases to
ILD MDT

203 CPFE

149 patients with CPFE
seen at RVI

Type of fibrosis not
identified {n=12)

137 CPFE patients with
type of fibrosis identified

93 IPF subtype CPFE
TLCO not evaluated b TLCO not evaluated
(n=4) d (n=1)

89 IPF subtype CPFE 43 Non-IPF subtype CPFE

Figure 6 Flowchart diagram of study

Abbreviations: ILD MDT, interstitial lung diseases multidisciplinary meeting team; CPFE, combined
pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; RVI, royal Victoria infirmary
hospital; TLCO, transfer factor for carbon monoxide.



Table 4 Clinical characteristics of all patients with CPFE.

Other, not stated
Black or Black British, African

Variables Patients with CPFE diagnosis
N =149
Mean (SD)

Age years 72.0 (8.7)

Male gender 122 (81.9%)

Race

White British 86 (57.7%)

62 (41.6%)
1 (0.7%)

FEV1/FVC (%)
FVC% predicted
TLCO%

Mortality 75 (50.3%)
Weight kg 81.8 (14.9)
BMI kg/m?2 28.1 (4.4)
PFT data

FEV1 litres 2.2 litres (0.5)
FVC litres 2.9 litres (0.8)

76.7% (11.9)
83.9% (18.2)
43.7% (13.9)

Smoking status

Current smoker

16 (10.7%)

Ex-smoker 128 (85.9%)
Never smoker 4 (2.7%)
Missing data 1 (0.7%)
Oxygen use 70 (47%)

BMI: body mass index, FEV1: forced expiratory volume in one second, FVC: forced vital capacity,
FEV1/FVC (%): FEV1/FVC ratio, FVC% predicted: forced vital capacity percentage predicted,
TLCO%: transfer factor for carbon monoxide percentage predicted.
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Table 5 Clinical characteristics of patients with CPFE based on IPF subtype.

IPF subtype Non-IPF subtype p-value

Variables CPFE CPFE
(n=89) (n=43)

Mean (SD) Mean (SD)
Age, years 72.9 (7.9) 70.7 (9.4) 0.493
Male gender 75 (84.3%) 32 (74.4%) 0.176
Mortality 46 (51.7%) 18 (41.9%) 0.290
Weight kg 79.5 kg (14.5) 85.4 kg (14.1) 0.668
BMI kg/m? 27.8 kg/m? (4.6) 29.1 kg/m? (4.1) 0.582
FEV1 litres 2.1 litres (0.5) 2.3 litres (0.6) 0.279
FVC litres 2.8 litres (0.7) 3.0 litres (0.8) 0.322
FEV/FVC (%) 77.5% (13.3) 75.9% (8.8) 0.815
FVC% predicted 83.5% (16.9) 86.6% (19.6) 0.400
TLCO% 41.1% (12.2) 48.3% (15.9) *0.011
Smoking status 0.414
Current smoker 10 (11.2 %) 4 (9.3 %)
Ex-smoker 74 (83.1 %) 39 (90.7 %)
Never smoker 4 (4.5%) 0 (0%)
Missing data 1(1.1%) 0 (0%)
Oxygen use 49 (55.1%) 13 (30.2%) *0.010

BMI: body mass index, FEV1/FVC (%): FEV1/FVC ratio, FVC% predicted: forced vital capacity
percentage predicted, TLCO%: transfer factor for carbon monoxide percentage predicted, *: P-

value <0.05.
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3.3.2 Type of fibrosis in patients with CPFE

Regarding type of fibrosis, 93 patients (62.4%) had an IPF subtype of CPFE, 44
(29.5%) had other types of ILD (non-IPF subtype CPFE) (see Table 5) and 12
CPFE patients (8.1%) had no data on lung fibrosis type.

The whole sample had CPFE, with usual interstitial pneumonia (UIP) and IPF
being the predominant types of fibrosis at 36.9% and 25.5%, respectively, followed
by asbestosis (6%), rheumatoid arthritis (4.7%), NSIP (4%) and unclassifiable
(2.7%) (see Table 6).

A review of HRCT scans found that, in 41.6% of the sample, emphysema was
judged to be more dominant than fibrosis, while fibrosis was more dominant than
emphysema in 16.8%, both were severe in 3.4% and both were minor 2%; 1.3%
had a 50/50 distribution with no mention of severity, and 34.9% had missing data
(see Table 7).
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Table 6 Type of fibrosis in patients with CPFE.

Type of fibrosis

Number (%)

Idiopathic pulmonary fibrosis (IPF)

38 (25.5%)

Usual interstitial pneumonia (UIP)

55 (36.9%)

Chronic hypersensitivity pneumonitis (CHP) 3 (2.0%)
Asbestosis 9 (6.0%)
Rheumatoid arthritis (RA) 7 (4.7%)
Nonspecific interstitial pneumonia (NSIP) 6 (4.0%)
Unclassifiable 4 (2.7%)
Smoking related interstitial fibrosis (SRIF) 1 (0.7%)
Connective tissue disease-associated ILD (CTD-ILD) 2 (1.3%)
Polydermatomyositis related ILD 1 (0.7%)
Usual interstitial pneumonia (UIP) and smoking-related 4 (2.7%)
interstitial fibrosis (SRIF)

Nonspecific interstitial pneumonia (NSIP) and usual 2 (1.3%)
interstitial pneumonia (UIP)

IPF or asbestosis 3 (2.0%)
Rheumatoid arthritis (RA) and nonspecific interstitial 1 (0.7%)
pneumonia (NSIP)

Rheumatoid arthritis (RA) and wusual interstitial 1 (0.7%)
pneumonia (UIP)

Missing data 12 (8.1%)
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Table 7 Predominant pattern seen on HRCT of patients with CPFE.

Predominant pattern N (%)
Emphysema > fibrosis 62 (41.6%)
Fibrosis > emphysema 25 (16.8%)
Both severe 5 (3.4%)
Both minor 3 (2.0%)
50% distribution (no 2 (1.3%)
mention of severity)

Missing data 52 (34.9%)
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3.3.3 Pulmonary function test results

Point-of-diagnosis PFT results were collected. The measured FEV1 and FVC were
obtained with means and standard deviations of 2.2 litres (SD = 0.54) and 2.9 litres
(SD =0.76), respectively. The mean and standard deviation of the FEV1/FVC (%)
ratio were 76.7% (SD = 11.9). FVC percentage predicted (FVC%) had a mean of
83.9% (SD = 18.2). The TLCO percentage predicted was also measured and
yielded a mean and standard deviation of 43.7% (SD = 13.9) (see Table 4).

3.3.4 Anti-fibrotic medications
Almost one-third of the sample were on anti-fibrotic medications, either nintedanib
(35 patients; 23.5%) or pirfenidone (13 patients; 8.7%), while the rest were not on

anti-fibrotic medications.

3.3.5 Pulmonary rehabilitation referral

Of the patients with CPFE, about 23% were referred for a pulmonary rehabilitation
programme, around 26% were recommended for a pulmonary rehabilitation
programme and approximately 50% did not receive pulmonary rehabilitation (see
Table 8). Sixty-five percent of the sample had not been exposed to any

environmental factors.

Table 8 Referral for pulmonary rehabilitation programme

Pulmonary rehabilitation referral N (%)
Referred for pulmonary rehabilitation 34 (22.8%)
Not referred for pulmonary rehabilitation 74 (49.7%)
Pulmonary rehabilitation was recommended 39 (26.2%)
Missing data 2 (1.3%)
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3.3.6 Survival time analysis

A five-year follow-up of patients was conducted at the time of the study’s analysis
(March 2018). Among the 149 patients with CPFE, there were 75 fatalities (50.3%),
with a median survival time of 40.1 months (3.3 y). In the IPF subtype CPFE group,
50 of the 93 patients (53.8%) had died, with a median survival time of 34.1 months
(2.8 y). In the non-IPF subtype CPFE group, 19 of 44 patients (43.2%) were
deceased at the time of the study. The median survival time of the non-IPF subtype
CPFE group was 55.6 months (4.6 y) (see Table 9). The Kaplan-Meier survival
time curve is shown in (see Figure 7). A log-rank test showed no significance

difference associated with median survival time (p = 0.113).

Table 9 Median survival time of patients with IPF subtype CPFE and non-IPF subtype CPFE

IPF subtype CPFE | Non-IPF subtype CPFE | p-value

Mortality 46 (51.7%) 18 (41.9%) 0.290
Median survival 38 months 55.6 months 0.113
time
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Figure 7 Kaplan-Meier survival analysis of IPF subtype CPFE and non-IPF subtype CPFE

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and
emphysema.
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3.3.7 GAP score

3.3.7.1 Gender at birth score

In the IPF subtype CPFE group, 43 of 79 male patients (54.4%) were dead at the
time of the analysis compared to 7 of 14 (50%) females. Male patients had a
median survival time of 32.2 months (2.7 y), while females had a median survival
time of 39 months (3.3 y) (see Figure 8). A log-rank test showed no significance

difference associated with gender at birth score (p = .705).

In the non-IPF subtype CPFE group, 15 of 33 male patients (45.5%) were dead at
the time of the study compared to 4 of 11 females (36.4%). Male patients had a
median survival time of 55.6 months (4.6 y) (see Figure 8). Among female patients,
the median survival time could not be calculated with the Kaplan-Meier test, as the
Kaplan-Meier curve did not cross the 50% threshold. The log-rank test showed no
significance difference associated with gender at birth (p = .660).
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Figure 8 Kaplan-Meier analysis of gender at birth score in patients with IPF subtype and non-IPF subtype CPFE

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema.
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3.3.7.2 Age score

In patients with IPF subtype CPFE, 5 of 7 patients < 60 years of age (71.4%) were
dead at the time of this study compared to 5 of 10 patients aged 6165 years (50%)
and 40 of 76 patients aged > 65 years (52.6%). Patients aged < 60 years had a
median survival time of 19.9 months (1.7 y), those aged 61-65 had a median
survival time of 32.2 months (2.7 y) and patients aged > 65 had a median survival
time of 38 months (3.2 y) (see Figure 9). The log-rank test showed no statistically
significant difference (p = 0.193).

In patients with non-IPF subtype CPFE, 4 of 7 patients < 60 years (57.1%) were
dead by the time of the study compared to O of 2 patients aged 61-65 (0%) and
15 of 35 aged > 65 (42.9%). In the non-IPF subtype of CPFE, median survival
times by age score could not be calculated, as the Kaplan-Meier curve did not
cross the 50% threshold (see Figure 9). The log-rank test showed no statistically

significant difference (p = 0.463).
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Figure 9 Kaplan-Meier analysis of age score in patients with IPF and non-IPF subtypes of CPFE

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema.
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3.3.7.3 PFVC score

Among IPF subtype CPFE patients, the analysis of the physiological value of
physiological variable forced vital capacity (PFVC) in the GAP score showed that
27 of 58 patients with a PFVC of > 75% (46.6%) were dead by the time of the
study, while 18 of 30 patients with a PFVC of 50%—75% were dead (60%) and 3
of 3 patients with a PFVC of < 50% were dead (100%).

Patients with a PFVC of > 75% had a median survival time of 40.1 months (3.3 y),
while patients with a PFVC of 50%—75% had a median survival time of 26 months
(2.2 y) and patients with a PFVC of < 50% had a median survival time of 14.5
months (1.2 y) (see Figure 10). The log-rank test showed a statistically significant
difference for this trend of earlier death associated with lower levels of FVC (p =
0.002).

In patients with non-IPF subtype CPFE, the analysis of PFVC in the GAP score
showed that 11 of 29 patients with a PFVC of > 75% were dead by the time of the
study (38%), while 7 of 13 (53.8%) patients with a PFVC of 50%-75% were dead
and 0 of 1 patient with a PFVC of < 50% was dead (0%). The median survival time
by PFVC score could not be calculated, because the Kaplan-Meier curve did not
cross the 50% threshold (see Figure 10). The log-rank test showed no statistically
significant difference (p = 0.295).

77



IPF subtype CPFE Non-IPF subtype CPFE

1.0 - P (FVC,%predicted) 1.0 - P (FVC,%predicted)
E IPF subtype CPFE non-IPF subtype CPFE
-+>75 (n=58) -+>75 (n=29)
087 —+50-75 (n=29) 08 4-50-75
—+<50 (n=2) (n—13)_
) ® —+<50 (n=1)
2 06— 2 06
5 5
a — @
E 04 £ 047 —
(3] o
0.2 0.2
0.0 - 0.0 -
T T T T T T ! T T T
0 200 400 60.0 80.0 100.0 0 200 400 60.0
Survival in months Survival in months

Figure 10 Kaplan-Meier analysis of PFVC scores in patients with IPF and non-IPF subtype CPFE.

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; FVC, %predicted, forced vital capacity percentage
predicted.
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3.3.7.4 PDLCO% score

Among patients with IPF subtype CPFE, analysis of the physiological value of
percentage predicted diffusion capacity of lung for carbon monoxide (PDLCO%) in the
GAP score showed that 4 of 11 patients with a PDLCO% of > 55% were dead by the
time of this study (36.4%), while 16 of 43 with a PDLCO% of 36%—55% were dead
(37.2%) and 22 of 29 (75.9%) with a PDLCO% of < 35% were dead. Four of six
patients who could not perform the test were dead (66.7%). Patients with a PDLCO%
of > 55% had a median survival time of 48.6 months (4.1 y), those with a PDLCO% of
36%—-55% had a median survival time of 85.7 months (7.1 y), those with a PDLCO%
< 35% had a median survival time of 19 months (1.6 y) and patients who could not
perform the test had a median survival time of 26.6 months (2.2 y) (see Figure 11).

The log-rank test showed a statistically significant difference (p = .000).

In patients with non-IPF subtype CPFE, the analysis of PDLCO% in the GAP score
showed that 3 of 13 patients with a PDLCO% of > 55% were dead by the time of this
study (23.1%), while 10 of 23 patients with a PDLCO% of 36%—-55% were dead
(43.5%) and 4 of 5 patients with a PDLCO% < 35% were dead (80%). Two of three
patients who could not perform the test were dead (66.7%). The median survival time
of patients with a PDLCO% of > 55% could not be calculated, as the Kaplan-Meier
curve did not cross the 50% threshold. The patients with a PDLCO% of 36%—-55% had
a median survival time of 50 months (4.2 y), those with a PDLCO% of < 35% had a
median survival time of 12.6 months (1.1 y) and patients who could not perform the
test had a median survival time of 55.6 months (4.6 y) (see Figure 11). The log-rank
test showed a trend for decreased survival in patients with reduced PDLCO%, which

was close to being statistically significant, with a p-value of p = 0.057.
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Figure 11 Kaplan-Meier analysis of PDLCO% score in patients with IPF and non-IPF subtype of CPFE.

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; DLCO, %predicted, diffusion capacity of the lungs for

carbon monoxide percentage predicted.
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3.3.7.5 GAP stage

Among patients with IPF subtype CPFE, the analysis of GAP stage showed that 13 of
26 patients (50%) at GAP stage | (score 0-3), 19 of 46 (41.3%) at GAP stage Il (score
4-5) and 14 of 17 (82.3%) at GAP stage lll (score 6—8) were dead by the time of this
study. The median survival time was 39 months (3.3 y) for patients at GAP stage |,
41.6 months (3.5 y) for patients at GAP stage Il and 21.8 months (1.8 y) for patients
at GAP stage Il (see Figure 12). The log-rank test showed a statistically significant
difference between the GAP stages (p = 0.012).

In patients with non-IPF subtype CPFE, the analysis of GAP stage showed that 4 of
18 patients at GAP stage | (22.2%), 11 of 21 (52.4%) patients at GAP stage Il and 3
of 4 (75%) patients at GAP stage Il were dead at the time of the study. The median
survival time for patients at GAP stage | could not be calculated, because the Kaplan-
Meier curve did not cross the 50% threshold. The median survival time was 41.1
months (3.4 y) for patients at GAP stage Il and 18.2 months (1.5 y) for patients at GAP
stage Il (see Figure 12). The data showed a trend for decreased survival in patients
with higher gap score, which was close to statistical significance log-rank test, p-value
of (0.073).
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Figure 12 Kaplan-Meier analysis of GAP stages in patients with IPF and non-IPF subtype CPFE.

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; GAP, gender at birth-age-physiology.
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3.3.8 mGAP stage

Among IPF subtype CPFE patients, the analysis of mGAP showed that 29 of 63
patients (46%) at mGAP stage | were dead by the time of this study compared to 19
of 28 (67.9%) patients at mGAP stage Il. The median survival time was 40.1 months
(3.3 y) for patients at mGAP stage | and 21.8 months (1.8 y) for those at mGAP stage
Il (see Figure 13). The log-rank test showed a statistically significant difference
between the mGAP stages (p = .027). In the non-IPF subtype CPFE group, the
analysis of mMGAP showed that 14 of 34 patients (41.2%) at mGAP stage | were dead
by the time of this study compared to 4 of 9 (44.4%) at mGAP stage Il. The median
survival time was 55.6 months (4.6 y) for patients at mGAP stage | and 41.1 months
(3.4 y) for those at stage Il (see Figure 13). The log-rank test showed no statistically
significant difference between the mGAP stages in terms of survival in patients with
non-IPF subtype CPFE (p = 0.71).
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Figure 13 Kaplan-Meier analysis of mGAP stage in patients with IPF and non-IPF subtype CPFE.

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; GAP, gender at birth-age-physiology.

84



3.3.9 Diffusion GAP stage

Among IPF subtype CPFE patients, the analysis of dGAP stage showed that 15 of 30
patients (50%) at dGAP stage | were dead by the time of this study compared to 31 of
59 (52.5%) patients at dGAP stage Il. The median survival time was 39 months (3.3
y) for patients at dGAP stage | and 37.8 months (3.2 y) for those at stage Il (see Figure
14). The log-rank test showed no statistically significant difference between the dGAP

stages (p = .906).

In the non-IPF CPFE group, the analysis of dGAP showed that 5 of 19 patients (26.3%)
at dGAP stage | were dead by the time of this study compared to 14 of 25 (56%)
patients at stage Il. The median survival time of patients at dGAP stage | could not be
calculated, as the Kaplan-Meier curve did not cross the 50% threshold. The median
survival time was 41.1 months (3.4 y) for patients at dGAP stage Il (see Figure 14).
The data showed a trend for decreased survival in patients with higher dGAP score

that was close to statistical significance, log-rank test p-value of (0.07).
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Figure 14 Kaplan-Meier analysis of dGAP stage in patients with IPF and non-IPF subtype of CPFE.

Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; dGAP, diffusion GAP score.
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3.3.10 Predictors of mortality in patients with CPFE:

The multivariate cox regression analysis model showed that the transfer factor for

carbon monoxide percentage predicted (TLCO%) was a predictor factor of mortality

(see Table 10), with lower TLCO% being associated with higher mortality.

Table 10 Mortality predictors in patients with CPFE

Multivariate Cox analysis

Variables Hazard ratio (95%CiI) P-value
GAP stage

1.859 0.66-5.27 0.244

0.773 0.34-1.75 0.538
Oxygen use 0.456 0.22-0.96 0.039
FVC% predicted 1.004 0.98-1.03 0.687
FEV1/FVC% 1.009 0.98-1.04 0.506
TLCO% 0.931 0.89-0.97 ***<(0.001

GAP: gender at birth-age-physiology; FVC% predicted: forced vital capacity percentage predicted;
FEV1/FVC (%): FEV1/FVC ratio; TLCO%: transfer factor for carbon monoxide percentage predicted; ***:

P-value <0.001.
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3.4 Discussion

Currently, nearly 700 patients with ILDs are discussed at RVI's regional
multidisciplinary ILD team meeting yearly. Because CPFE is a very rare lung condition
with high mortality, our aim was to perform a retrospective audit to determine the
number of those patients with CPFE and locate them. The audit provided valuable
information on the number of patients with ILD and CPFE in the Northeast and
Northwest regions of the UK as well as information on the characteristics of patients
with CPFE. In this audit of five years from January 2014 through December 2018, 203
patients with a diagnosis of CPFE were identified at the ILD meeting from a total clinic
population of 3,063 patients, indicating that CPFE patients make up around 6.6% of
the ILD clinic population. While this is a small minority of total patients, it represents a
considerable number of individual patients who had not previously been formally
documented. This may be an important finding for the ILD clinic at RVI, as the optimal
management of CPFE may require resource planning tailored to an accurate number

of patients and an awareness of likely disease progression.

As expected, patients with CPFE were older, with ages ranging from 45 to 90 years,
and 82% of the patients were male, consistent with the pattern in other ILDs, such as
IPF, which are less common in women. Most patients had a history of smoking, with
around 86% being former smokers, 11% being current smokers and only 3% having
never smoked (see Table 4). For current smokers, smoking cessation was a highly
recommended therapeutic option by the ILD physicians at RVI, where patients were
referred to a smoking cessation programme. Our data, which to our knowledge are the
first of their kind in the UK, align with the limited published data of Dias et al. (Dias et
al., 2014). In Japanese and French populations, patients with CPFE were mainly male,
presented with severe shortness of breath and had a history of smoking (Cottin et al.,
2005, Dias et al., 2014, Kishaba et al., 2012). A review by Jankowich and Rounds
describes similar findings. In that review, the subgroup of patients with coexistent
emphysema and pulmonary fibrosis usually presented with dyspnoea, a history of
smoking, physiological abnormalities as seen in lung function results and, often,
pulmonary hypertension. Jankowich et al. also note that patients with CPFE are
predominantly male, which may be attributed to more exposure to smoking in men than
in woman. Nevertheless, a greater prevalence of smoking in men does not fully explain
the male predominance. Jankowich and Rounds speculate that men are more prone

to smoking-induced coexistence of emphysema and pulmonary fibrosis due to greater
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susceptibility to abnormal lung aging in males (Jankowich and Rounds, 2012). It is of
interest that the commonly used GAP index and staging prognostic tool for ILD
prognosis includes male gender as a contributor to risk.

Of the 203 patients with CPFE referred to the RVI's ILD meeting, 74% were treated at
the RVI's ILD clinic, while 26% were only discussed at the ILD meeting. This study has
identified the number of patients with ILD (and specifically with CPFE) who are being
seen and treated by the ILD team at RVI. The patients with CPFE who were referred
to the RVI's ILD team in the five years of this audit showed a poor prognosis, as 100
(49.3%) had died by the time of the study.

3.4.1 Type of fibrosis in patients with CPFE

All the patients in this audit had CPFE, that is, coexistent pulmonary fibrosis and
emphysema. UIP and IPF were the predominant types of fibrosis at 36.9% and 25.5%,
respectively, followed by asbestosis (6%), rheumatoid arthritis (4.7%), NSIP (4%) and
unclassifiable (2.7%) (see Table 6). Around two-thirds of the patients (62%) had either
IPF or UIP as the fibrotic component. Emphysema was more dominant than fibrosis in
this sample (see Table 7). This information is valuable in better understanding the
characteristic of this disease and possible treatment choices. (Malli et al., 2019) found
in their study that patients with CPFE with fibrosis as the predominant component had
a worse prognosis. Other studies have contradicted that result, finding no influence of

the fibrotic component on survival results (Zhang et al., 2016a).

3.4.2 PFT results

PFT results were collected at the point of diagnosis. The patients with CPFE had mildly
abnormal or normal PFT results but with a severely impaired diffusion capacity TLCO.
In comparison to patients with non-IPF subtype emphysema, patients with IPF-subtype
CPFE had significantly more impaired TLCO. This may have caused substantially
more patients with IPF subtype CPFE to require oxygen supplementation (see Table
5). Our findings complement the few other published studies showing that patients
with CPFE present with normal or mildly impaired lung volumes (Jankowich and
Rounds, 2010). Other groups have reported a restrictive pattern (Kishaba et al., 2012,
Malli et al., 2019). Todd et al. address the divergent findings in the literature by noting
that lung volumes differ in patients with CPFE depending on the degree of emphysema,
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which may explain the inconsistency among the studies (Todd et al., 2011). In our
study, the majority of patients were deemed to have emphysema as the predominant
disease as determined by HRCT scan. A potential physiological explanation of our
finding—normal or mildly subnormal lung function results despite a more severe
impairment in lung diffusion capacity TLCO—is that the emphysema component of the
disease causes hyperinflation and increased lung compliance due to a decrease in
elasticity. This is counterbalanced by the decrease in lung compliance caused by the
fibrotic component of the overall CPFE pathophysiology. It is also possible that the
fibrotic component of CPFE stops the early closure of small airways due to emphysema
(Dias et al., 2014).

3.4.3 Anti-fibrotic medications

Only one-third of the patients with CPFE were on anti-fibrotic medications (23.5% on
nintedanib; 8.7% on pirfenidone), while the rest were not on anti-fibrotic medications.
During the data-collection period of this retrospective study (January 2014—-December
2018), the National Institute for Health and Care Excellence (NICE) guidelines for anti-
fibrotic medications stated that pirfenidone or nintedanib could be given to patients with
IPF with a FVC between 50% and 80% predicted (Landells et al., 2013, Laurenson et
al., 2016). Patients with CPFE are known to have preserved spirometry lung volumes
and preserved FVC because the two diseases counteract each other; therefore, many
patients with CPFE do not get anti-fibrotic medications based on the guidelines. Our
data show that only a third of patients with CPFE were prescribed anti-fibrotic
medications during 2014-2018. Fortunately, nintedanib has recently been shown to
benefit patients with progressive fibrosing ILD (Flaherty et al., 2019). With the newly
updated NICE guidelines on the use of nintedanib in patients with progressive fibrotic

ILD, we expect an increase in the use of anti-fibrotic medications in patients with CPFE.

3.4.4 Pulmonary rehabilitation referral

This audit found that only around half the patients with CPFE had either participated in
a pulmonary rehabilitation programme or were referred by their clinician to attend such
a programme at their local health care facility. Two previous studies have shown that
pulmonary rehabilitation programmes with both aerobic and breathing exercises can

improve the condition of patients with CPFE (De Simone et al., 2015, Tomioka et al.,
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2016). Despite these data, at least half the patients with CPFE were not being referred
to pulmonary rehabilitation program. Also, the clinical team at the RVI had the
impression that patients with CPFE may be too weak to complete a pulmonary
rehabilitation programme. This showed that there is a clear need to develop and
evaluate a pulmonary rehabilitation programme specifically for patients with CPFE

(Tomioka et al., 2016), which encourages the further work of this PhD.

3.4.5 Survival prognosis

This study evaluated patients with CPFE who were referred to the ILD MDT at RVI
from 1 January 2014 through 31 December 2018. The patients were divided into two
groups (those with IPF subtype CPFE and those with non-IPF subtype CPFE. The
result shows that patients with CPFE have a poor prognosis whether in the general
CPFE population or the IPF subtype CPFE group, with median survival times of 40.1
months (3.3 y) and 34.1 months (2.8 y), respectively. Although, patients with non-IPF
subtype CPFE showed a slightly better survival, with a median survival time of 55.6

months (4.6 y), but this difference did not reach statistical significance.

The scarce available literature offers contradictory results regarding mortality in
patients with CPFE compared to those with IPF. Ryerson et al. found no differences in
survival between CPFE and IPF (Ryerson et al., 2013). A previous study by Todd et
al. assessed the amount of emphysema in CT images using a modification of the
National Emphysema Treatment Trial scoring system and found that patients with
pulmonary fibrosis and an advanced emphysema score of > 2 (marked emphysema =
51%) had a better prognosis than patients with pulmonary fibrosis alone as well as
better than those with pulmonary fibrosis and a lesser emphysema score of < 2 (mild
emphysema < 25%). The authors note that the survival advantage in advanced
emphysema was observed in patients with a substantial centrilobular emphysema or
mixed emphysema. Patients with advanced paraseptal emphysema had a similar
survival time to patients with fibrosis alone. The authors report a median survival time
of 63 months for patients with pulmonary fibrosis and emphysema vs. 29 months for
those with pulmonary fibrosis alone and 32 months for those with pulmonary fibrosis
and a minor extent of emphysema (score < 2) (Todd et al., 2011). In a Greek cohort,
Malli et al. report a mean survival time of 84 months (7 years) after diagnosis in patients
with CPFE (Malli et al., 2019).

In contrast other studies suggest that patients with CPFE have a worse prognosis than

those with IPF (Sugino et al., 2014, Zhang et al., 2016a). Sugino et al. report that
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patients with CPFE had a significantly worse survival than patients with IPF, with
median survival times of 22 and 50 months, respectively. CPFE patients with
paraseptal-type emphysema and a high estimated pulmonary arterial pressure
measurement had the worst prognosis (Sugino et al., 2014). Further, Zhang et al. found
that patients with CPFE had a worse prognosis than patients with IPF in a Chinese
cohort. Both pulmonary arterial hypertension (PAH) and a = 5-point rise in composite
physiologic index (CPI) score per year were associated with higher mortality in patients
with CPFE (Zhang et al., 2016a).

These contradictory results may reflect the heterogeneity of patients with CPFE.
Additionally, this rare condition was only recently recognised and deemed worthy of
study. The contradictory findings in the literature may also result from the use of
different inclusion criteria for CPFE in various studies. For example, some studies have
included patients with any ILD component in their CPFE patient groups, while others
have specifically included only patients with IPF subtype CPFE. The extent of the
fibrotic and emphysematous components in patients with CPFE can differ significantly,

and the prevalence of ILD is known to vary by geographical location.

3.4.6 GAP score

The rare CPFE-specific physiological data in this study may have implications for the
prognostic scoring systems that are increasingly used in IPF research and clinical
practice. The widely used GAP, based on weighted scores for the patient’s gender at
birth, age, FVC% and DLCO% (Ley et al., 2012), is easy to use with commonly
measured variables and could potentially be relevant in CPFE. Male gender, for
example is associated with an increased risk of mortality, so the predominance of male
patients in our CPFE cohort may have significant implications for our patients’
outcome. Thus, we evaluated the GAP score in the specific context of CPFE.
Conceivably, the standard GAP approach might be modified in patients with CPFE,
among whom the deficit in DLCO%, for example, may be a more accurate assessment
of functional status. The original GAP scoring system in IPF was derived from the data
of 228 IPF patients at the University of California—San Francisco and then validated in
330 IPF patients at the Mayo Clinic and Morgagni-Pierantoni Hospital (Ley et al., 2012).
In this five-year single centre, retrospective study, data on 149 patients with CPFE
were collected. The ILD clinic at the RVI is regarded a centre of expertise in ILD. Even

though they receive referrals from the entire Northeast and Northwest of the UK, we
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were only able to identify 149 patients with CPFE in this five years retrospective study.
This might be attributed to CPFE disease’s rarity. Therefore, future studies might
consider using a multicentre design which could help in obtaining a larger sample size.
Such studies would need to carefully consider issues of standardisation so that the

benefits of increased sample sizes are not undermined by variation between centres.

In patients with IPF, the GAP score has shown significant predictive ability for mortality
(Lee et al., 2016). A retrospective study in a Japanese cohort of 65 patients with IPF
found that a higher GAP stage (= Il) predicted the onset of acute exacerbation (AE)
(Kakugawa et al., 2016). The usefulness of the GAP stage as a prognostic tool was
also demonstrated in another Japanese retrospective single-centre study of 54 IPF
patients (Kishaba et al., 2015). In their review of disease severity assessment and
staging systems in ILD, Tomassetti et al. confirm the promising potential of the GAP
index and call for further research to expand the GAP index with more biomarkers
(Tomassetti et al., 2015). A large Australian IPF registry study with 647 IPF patients
found that the baseline GAP index, along with lung function data and patient-reported

outcome measures (PROMSs), was a significant predictor of mortality (Jo et al., 2017).

When patients with IPF were evaluated for lung transplant, the IPF-specific GAP index
was a superior predictor of mortality than single variables (Fisher et al., 2017),
performing similarly to the lung allocation score. This could contribute to decision-
making and to determining the time of referral for lung transplantation in people with
IPF (Fisher et al., 2017).

The literature on CPFE is generally sparse, and there appears to be only one study on
the GAP score in people with CPFE. In this study, conducted by Jee Youn Oh and
colleagues (2018), 12 years of medical record data were analysed retrospectively, and
227 CPFE patient records were studied. The authors confirmed the GAP score as a
predictor of AE in patients with CPFE (Oh et al., 2018). In the present study, the GAP
staging system was a significant predictor of mortality. In the IPF subtype of CPFE, the
GAP stage was a significant predictor of mortality, with stage 11l being associated with
poor prognosis and stages | and Il associated with better outcomes. Both FVC% and
DLCO% were significant predictors of prognosis. In the non-IPF CPFE group, GAP
stage, DLCO% and FVC% were not significant predictors of mortality, with p-values of
.073, .057 and .295, respectively. The lower number of patients (n = 44) in the non-IPF

CPFE group may explain why the result did not quite reach the level of significance.
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A review by Kolb and Collard highlights the importance of developing a standardised,
evidence-based IPF prognosis staging system. Doing so will require that (1) accurate
predictors of IPF prognosis be identified and (2) a clinically practical method of
combining those predictor variables be found (Kolb and Collard, 2014). A Korean
nationwide five-year retrospective study compared the predictive accuracy of the CPI
and the GAP index in 832 patients with IPF, with the following formula used to calculate
CPI: 91.0 — (0.65 x DLCO%) — [0.53 x FVC%] + [0.34 x FEV1%]. In that study, both
CPI and the GAP index were significant predictors of mortality, but CPI proved more

accurate in predicting one-, two-, and three-year mortality (Lee et al., 2018).

Several attempts have been made to modify the GAP index to improve its prognostic
capability and/or evaluate its applicability for predicting prognosis in ILD conditions
other than IPF. For example, the original GAP index for patients with IPF was shown
to predict prognosis with similar accuracy in patients with rheumatoid arthritis—
associated ILD (Morisset et al., 2017b). Kobayashi et al. used the mGAP in patients
with both IPF and non—small cell lung cancer (NSCLC). They note that DLCO% is not
routinely tested in patients with NSCLC and IPF, as the procedure is exhausting for
them. The simpler mGAP index uses gender at birth, age and only FVC% to generate
a score. The authors conclude that the mGAP index and staging system predicts acute
exacerbations of IPF in patients with NSCLC and IPF (Kobayashi et al., 2017). Singh
and colleagues verified the utility of mGAP as a survival predictor in patients with ILD

in an Indian population (Singh et al., 2021).

Originally developed by Ryerson et al., the ILD-GAP was modified by Kobayashi et al.
as the ILD-NSCLC-GAP index and staging system, which includes ILD subtype,
gender at birth, age and FVC% (without DLCO%). The authors report that the modified
index is a useful tool to evaluate prognosis and the incidence of acute exacerbations
in patients with NSCLC and ILD (Kobayashi et al., 2018). The ILD-GAP has also been
proven effective in predicting prognosis in patients with surgically resected lung cancer
(Ueno et al., 2020). A large, multicentre, international cohort study found that both
resting and exertional hypoxemia had prognostic capability in patients with ILD (Khor
et al., 2021). The authors further modified and validated the ILD-GAP-O? model, which
was derived from the ILD-GAP, and found that addition of oxygenation status improved
the performance of the ILD-GAP (Khor et al., 2021).

Ley et al. further modified the GAP to create the CT-GAP model, in which a CT fibrosis

score component replaces DLCO% due the difficulty of measuring diffusion capacity
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in some patients. CT is routinely performed in those patients, and the authors conclude
that the CT-GAP score performs comparably to the original GAP score and offers an
interesting, simpler option (Ley et al., 2014). Because of the growing evidence that the
degree of fibrosis observed in CT is related to poor prognosis in patients with IPF,
Chahal et al. combined the fibrotic score from CT with the GAP score in a thin-section
CT-GAP index, which demonstrated a better prognostic ability for survival analysis
than the GAP score alone in patients with IPF, particularly those with a mild disease
as shown by a GAP score of <3 (Chahal et al., 2019). A study by Suzuki et al.
assessed the GAP index as a prognostic variable at the time of anti-fibrotic medication
initiation, and their results support the prognostic value of GAP and BMI in patients
with IPF. They also found that a lower BMI was associated with a poor prognosis
independent of the GAP index (Suzuki et al., 2021).

Further, Zinellu et al. compared the prognostic capability of the original GAP to an
MGAP-derived index (IC4) that included FVC%, DLCO%, BMI and six-minute walk
distance (6MWD). Ninety patients with IPF were recruited in two cohorts in France and
Italy. The IC4 proved superior to its individual components and to the original GAP

index in predicting mortality (Zinellu et al., 2021).

Recently, Torrisi et al. developed and validated the TORVAN model and index, which
includes age, FVC%, DLCO% and comorbidity variables. In two independent
multinational cohorts, the TORVAN prediction index was shown to be superior to the
GAP in predicting survival in patients with IPF. The authors note that, in survival
prediction in IPF, the key comorbidities are gastro-oesophageal reflux disease
(GORD), lung cancer, pulmonary hypertension, atrial arrhythmias and valvular heart
disease (Torrisi et al., 2019).

In the present study, the mGAP index was also a significant predictor of mortality,
specifically in patients with IPF subtype CPFE. Although lung function tests in patients
with CPFE commonly show mildly abnormal or normal dynamic lung volumes with
significantly reduced diffusion capacity, the mGAP index (which includes gender at
birth, age and FVC% without DLCO%) still showed prognostic predictive capability.
This finding is potentially valuable, as some patients with CPFE cannot perform
technically satisfactory diffusion capacity tests due to their breathlessness or low vital
capacity (VC) but can complete spirometry. In the non-IPF CPFE group, mGAP was

not a significant predictor of mortality. Considering the small size of this group (n = 44),
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lack of power could explain why significant results did not emerge. A larger sample

size may be needed to investigate this further.

Because lung volumes in patients with CPFE are usually mildly abnormal or normal
and their diffusion capacity is markedly reduced, this study modified the GAP index by
removing the PFVC term, including only gender at birth, age and PDLCO%. This new
modification of GAP, the dGAP stage system, showed prognostic capability in the
general CPFE group but not in the IPF subtype CPFE group. Additionally, dGAP
approached the threshold of statistical significance (p = .070) in the non-IPF CPFE
group, with stage | having a better prognosis than stage Il on the Kaplan-Meier curve.
Additionally, multivariate cox analysis of mortality predictors in patients with CPFE has
identified TLCO% to be associated with mortality (see Table 10). This further shows
the potential prognostic value of TLCO% in patients with CPFE and its consideration

when developing/evaluating prognostic indices.

3.5 Limitations

The 149 patients identified in this study are consistent with the sample sizes in other
published studies, but our conclusions would be strengthened by studies involving
greater numbers of patients and by replication in independent cohorts. Due to the
rarity of CPFE, future studies should consider employing a multicentre design, which
could help in collecting a larger sample size. Calculation of statistical power would be
useful for future research. Long-term follow up studies of 1 to 3 years are needed in
patients with CPFE. This study included and evaluated patients with CPFE, and no
comparison was made with an IPF group of patients. Therefore, future research

studies should consider including a comparison cohort of IPF patients.
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3.6 Conclusion

This study provided valuable data on the prevalence of ILD and CPFE in the Northeast
and Northwest regions of the United Kingdom, as well as CPFE patient characteristics.
The ILD MDT meeting diagnosed 203 patients with CPFE out of 3,063 patients with
ILD over a five-year period. Indicating that approximately 6.6% of ILD clinic patients
are CPFE patients. Prior to this study, the number of patients with CPFE had not been
formally documented in the United Kingdom. This may be a crucial finding for the ILD
clinic at RVI, as the optimal management of CPFE may necessitate patient-specific
resource planning. Patients with CPFE were relatively old, majority male, with a history
of smoking. The predominant type of fibrosis was IPF in 62% of patients with CPFE.
Lung function test results showed normal or mildly impaired lung volumes with
decreases lungs diffusion capacity. At least half the patients diagnosed with CPFE
were not referred for a pulmonary rehabilitation programme. This is despite the
recommendations that patients with chronic lung disease should attend such a
programme. This clearly identified the need to develop a tailored pulmonary
rehabilitation programme for patients with CPFE. Almost half, 100 (49.3%) of patients
with CPFE had died by the time of this study. Our data add to the very few and
contradictory studies published to date and support the conclusion that CPFE has a
worse prognosis than other ILDs. In particular, IPF variant CPFE has poor prognosis..
In our study, the median survival time for people with IPF subtype CPFE was 34.1
months (2.8 y), while the life expectancy at age 65 in the UK is 18.5 years for males

and 21 years for females (Ons.gov.uk., 2021).

Recently, the GAP model developed for IPF has been effectively applied to various
subgroups of fibrotic ILD (ILD-GAP). This study is one of the few studies that evaluated
the role of the GAP index and staging system in patients with CPFE. In this study, the
GAP index and staging system as well as the mGAP index proved their prognostic
capability in patients with IPF subtype CPFE. This shows the potential role of the GAP
staging system in patients with CPFE, providing a simple tool for assessing disease
severity. In the future, it would be interesting to attempt to replicate our findings in an
independent, larger group of patients, e.g. drawn from British Thoracic Society ILD
registry data. If confirmed, the findings of this study may have important implications
for patient stratification in situations such as pulmonary rehabilitation, transplant

waiting lists and palliative care referrals.
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Chapter 4: The Feasibility of Respiratory Muscle Training as Part of
a Pulmonary Rehabilitation Programme for Patients with Interstitial

Lung Diseases

4.1 Introduction

ILDs are a group of disabling chronic lung conditions that include idiopathic IPF,
hypersensitivity pneumonitis, acute and chronic interstitial pneumonias, asbestosis,
sarcoidosis, silicosis, as well as connective tissue diseases related to ILD such as
rheumatoid arthritis and scleroderma. There are over 200 different types of ILD
conditions; these cause interstitial inflammation and fibrosis and also provoke wound-
healing responses, which further progresses the disease. Patients with ILD present
with dyspnoea, fatigue, persistent cough, and decreased exercise tolerance, which
leads to decreased health-related quality of life (Holland et al., 2015, Dowman et al.,
2021).

Currently, there is no cure for patients with ILD and therapeutic options are limited.
Further, in patients with IPF, anti-fibrotic medications pirfenidone and nintedanib can
slow the progression of the disease, as reflected by slowing down the decline in FVC
(King et al., 2014, Richeldi et al., 2014). In other progressive fibrosing ILDs, it has been
revealed that nintedanib also slows disease progression (Flaherty et al., 2019). The
effect of anti-fibrotic medications on health-related quality of life is not clearly known
and limited data is available on the subject (Graney and Lee, 2018, Kreuter et al.,
2020).

Pulmonary rehabilitation programmes (PRPs) are a multidisciplinary intervention for
patients with chronic lung disease. They typically include exercise training (endurance
and/or strength) and respiratory muscle training as well as education sessions,
nutritional guidance, psychosocial support, and self-management. In patients with
COPD, there is well established evidence that supports pulmonary rehabilitation and
its benefits in improving health-related quality of life, exercise capacity, reducing
dyspnoea, and healthcare costs (McCarthy et al., 2015). However, there is limited
evidence of the influence of pulmonary rehabilitation on these outcomes in patients
with ILD. Moreover, the role and efficacy of inspiratory muscle training (IMT) in
combination with PRPs in patients with ILD remains unknown, as limited studies have

examined this, despite the fact IMT has been widely examined in patients with COPD
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(Geddes et al., 2008). In particular, there are very little data available on patient with

CPFE.

The aim of this chapter is to evaluate the feasibility of IMT as part of a PRP for patients

with ILDs, which included a few people with CPFE.
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4.2 Methods

4.2.1 Study design and participants

The current study is a feasibility pilot study with a randomized controlled trial design.
Patients diagnosed with CPFE, IPF, or ILD by an ILD multidisciplinary team were
recruited from the Royal Victoria Infirmary hospital, Newcastle upon Tyne. This study
was approved by the UK health and research authority (HRA) (REC reference
18/NE/0037) (see Appendix 1). The patients included in this study were randomized
into two groups. Randomization was performed using a website (sealedenvelope.com)
that provides a high-quality, accessible platform for randomizing patients in clinical
trials. Patients randomized into the intervention group received PRP and IMT (PRP +

IMT), while those randomized to the control group received only PRP.

4.2.2 Inclusion criteria
Patients with CPFE, IPF, or ILD diagnosed by an ILD multidisciplinary team. Patients
who are able to perform the exercises and follow instructions. Other comorbidities that

could have affected the results of the study were excluded.

e Age =40 years old.
e Working diagnosis of IPF, CPFE, or ILD made by an ILD multidisciplinary team.

e Patient is able to follow instructions and perform exercises.

4.2.3 Exclusion criteria

e Uncontrolled heart disease.

e Uncontrolled hypertension.

e Patient unable to follow instructions (e.g. learning difficulty).

e Patient unable to perform exercises (e.g. orthopaedic or neuromuscular
diseases).

e Patient attended pulmonary rehabilitation in the past six months.

e Patients with other lung diseases related to occupational exposures or drugs.

e Patients with severe asthma who suffer from frequent severe exacerbations and
have low symptom/dyspnoea perception.

e History of syncope during exercises.

e Patients with ruptured eardrum or any other diseases of the ear that may affect
balance.

e Patients with worsening heart failure symptoms after RMT/IMT.

e Patients with raised left ventricular end diastolic volume and pressure.
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4.2.4 Intervention

Patients were randomized into either the intervention group that received PRP + IMT
or to the control group that received only the PRP; the randomization was conducted
via sealed envelope™ (sealedenvelope, 2023). Transportation support with taxies was
offered to participants who needed them. The PRP consisted of supervised sessions
(120 minutes) conducted once a week for a total duration of eight weeks or six weeks
as a modification made in response to the COVID-19 pandemic in March 2020. The
programme consisted of exercise training, education sessions, and relaxation. The
exercise training included warming up, aerobic exercises, strength training, and cooling
down. Patients first underwent 5-10 minutes of warm-up exercises. Then, aerobic
exercises were conducted using a cycle ergometer for 20 minutes with a target BORG
scale of 5 (Borg, 1982, Bausewein et al., 2007). Heart rate and blood oxygen saturation
were monitored during the exercises. Oxygen therapy was provided/increased when
the pulse oximetry oxygen saturation SpO2 fell below 80%, with the aim of maintaining
a saturation level 290%. Further, strength training was performed with two sets of six
repetitions for the following muscles/area: biceps, triceps, pectorals, back, abdomen,
deltoid, quadriceps, calf, and hamstrings. At the end of the regimen, patients were
instructed on how to perform cool down exercises for five minutes. Thereafter, patients
attended a relaxation session, which included listening to relaxing music, low light, and
comfortable chairs. As a modification made in response to the COVID-19 pandemic in
March 2020, patients participated in a relaxation session once in the programme
instead of every week (see Table 15). The ATS and the ERS have made a shared
statement regarding the key concepts of pulmonary rehabilitation and its advances,
providing guidelines for PRPs (Spruit et al., 2013).

All patients in both groups were also instructed to perform 40 minutes of home
exercises twice a week. The home exercise programme consisted of five minutes of
warming up, stretching for all muscle groups, 20 minutes on the cycle ergometer (NRS
Healthcare Pedal Exerciser with Digital Display, ©2022 NRS Healthcare), and strength
training with Thera-band® exercise bands (©2016 Performance Health;). Patients
used Thera-band® exercise bands (see Figure 15) to perform nine exercises with two

sets of six repetitions.

Patients were also instructed to walk on four days a week on the days they were not
exercising. A pedometer (OMRON HEALTHCARE Co., Ltd.;) (see Figure 16) was

provided to all patients to count daily steps with a memory of seven days. Participants
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were also provided with a walking distance and steps log to record and track their
walking. This log was assessed by the researcher on a weekly basis to track the
participants’ progress and to provide encouragement when needed. Every week, the
average step count of patients was calculated; patients were instructed to increase

their walking steps by 10% each week (New steps target = average steps count +
10%).

Figure 15 Thera-band® exercise bands (©2016 Performance Health.).

Figure 16 A pedometer (OMRON HEALTHCARE Co., Ltd.)
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Further, patients randomized to the intervention group received IMT through the
POWERbreathe® Medic plus device (POWERDbreathe®, International Ltd, UK). The
POWERbreathe® device (see Figure 17) is a variable resistance device that can be
adjusted with a calibrated spring. The resistance training level was initially adjusted at
40% of the patient’s baseline maximal inspiratory muscle pressure (Plmax). Patients
were instructed to use the device twice daily (for seven days a week), once in the
morning and once in the afternoon, as tolerable, for 30 breaths in each session with
periods of rests, as needed, between every three to five breaths, and particularly if
tired or dizzy. To perform IMT training with POWERDbreathe®, patients were instructed
to sit down in an upright sitting position, hold the POWERDbreathe® device in their hand,
and place their mouth on the device with their lips around the mouthpiece. Then, they
were instructed to breathe out all the air from their lungs as much as they could.
Thereafter, patients were asked to inhale as fast and as deep as possible, with an
obvious expansion of their chest. Moreover, patients were instructed to keep their
shoulders levelled and not hunch them upwards toward their ears while inhaling
through the device. Finally, patients were instructed to exhale slowly and passively.
Depending on patients’ progress, the resistance training level of POWERDbreathe® was

increased in a range of 0.5-1 each week.
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Figure 17 POWERBreathe® Medic plus device (POWERbreathe®, International Ltd, UK).
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4.2.5 Outcomes

4.2.5.1 Primary outcomes

4.2.5.1.1 Attendance, completion, and dropouts

The data regarding participants’ attendance and completion and dropout of the

programme was collected.

4.2.5.1.2 Side effects
Any complication or side effect of the participating in the program were observed.

4.2.5.2 Secondary outcomes
The following outcomes were collected at baseline and after eight weeks:

1. Maximum inspiratory pressure (MIP) measured using the
POWERbreathe® KH2 (POWERDbreathe® International Ltd, UK) (see
Figure 18). The POWERDbreathe® KH2 is an electronic handheld IMT
device. It also provides an MIP Test Mode that was utilized in this study
before PR and after eight weeks. During the MIP Test Mode, participants
were instructed to breathe out slowly and completely until their lungs felt
emptied of air. Then, participants were instructed to take in a deep
inhalation and hold their breath for approximately two seconds.
Thereafter, they were instructed to relax and take their mouth off the
mouthpiece. The test was repeated until three tests varying by less than
20% were achieved. The minimal clinically important difference (MCID)
for inspiratory muscle strength has yet not been established for ILD.
Iwakura et al. recently identified an MCID of 17.2 cmH20O for outpatients
with  COPD who attended a pulmonary rehabilitation programme
(Iwakura et al., 2021).
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Figure 18 POWERDbreathe® KH2 (POWERbreathe® International Ltd, UK).

2. The King'’s Brief Interstitial Lung Disease Questionnaire (K-BILD) (Patel
et al., 2012) was used to evaluate the impact of ILD on different aspects
of the patient’s life. The K-BILD questionnaire comprises three domains
with 15 items each, with a seven-point response range: breathlessness
and activities (items 1, 4, 11, and 13), chest symptoms (items 2, 7, and
9), and psychological (items 3, 5, 6, 8, 10, 12, and 14). The total score
ranged from 0 to 100, with higher scores indicating better quality of life.
Further, the internal consistency for the K-BILD total score was
(Cronbach’s a = 0.94). The MCID of K-BILD in patients with ILD was 5
for the mean K-BILD total score. For the K-BILD domains, the MCIDs
were 7 for breathlessness and activities, 11 for chest symptoms, and 6
for psychological (Sinha et al., 2019).

3. Fatigue was assessed using the Fatigue Severity Scale (FSS) (Krupp et
al., 1989). This scale consists of nine statements regarding the
frequency, severity, and impact of fatigue on activities of daily life.
Participants were asked to rate their agreement on a scale ranging from
1 to 7 on these statements. A total score on the FSS of less than 36 is
considered normal. A score above 36 up to a maximum of 81 is indicative
of significant impact of fatigue on activities of daily life. Furthermore, the
MCID of the FSS ranges between 0.45 and 0.88, which implies a
difference of 6.4% to 12.6% in the overall FSS score (Rooney et al.,
2019).
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4. Anxiety and depression was measured using the Hospital Anxiety and
Depression Scale (HADS) (Zigmond and Snaith, 1983). It consists of 14
multiple-choice items—7 items for anxiety and 7 items for depression.
The total score ranges from 0 to 21. A score of less than 8 implies that
there is no anxiety or depression, a score ranging from 8 to 10 is
indicative of borderline anxiety or depression, and a score 11 or more
suggests a clinically significant anxiety or depression.

5. Pulmonary function test: Lung volumes and capacities were measured
using spirometry FEV1, FVC, and FEV1/FVC ratio. TLCO was measured
by the single-breath technique. A spirometer was used with participants
in the seated position following standard guidelines from the ATS/ERS
(Graham et al., 2017, Graham et al., 2019).

6. Six-minute walking tests (6MWT) were performed based on guidelines
from the ATS (2002) in order to calculate the six-minute walking distance
(6MWD). The 6MWD has a Minimal Important Difference (MID) in
patients with ILD of 30 meters—33 meters, and for patients with IPF 29
meters—34 meters (Holland et al., 2014b).

7. The one-minute sit-to-stand test (LMSTS) was assessed to evaluate
exercise capability (Bohannon et al., 1995, Ozalevli et al., 2007). A chair
with a height of 46 cm with no arm rests was used. Patients were asked
to sit in the chair with knees and hips at an angle of 90°, with feet apart
and flat on the ground. Patients were asked to sit and stand repeatedly
as many times as possible at their own pace and in a comfortable and
safe manner for the duration of one minute. In addition, patients were
instructed to not use their arms for support while standing or sitting. They
were allowed to rest if needed during the one-minute test period. The
number of repetitions were documented for each patient. Dyspnoea was
assessed before and immediately after IMSTS using the modified Borg
scale. Throughout the duration of the test, a pulse oximeter was placed
on the patients’ fingers for continuous monitoring of SpO2 and heart rate
(HR). A drop of SpO2 24% was considered a significant desaturation.
Furthermore, an MCID after pulmonary rehabilitation of 2.03-3.45
repetitions was identified for patients with COPD (Schneeberger et al.,
2018).
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8. The strength of major body muscles (quadriceps, deltoid, and biceps)
was measured using a handheld dynamometer microFET2™ (HOGGAN
SCIENTIFIC, LLC) (see Figure 19) at baseline and after eight weeks.
The same assessor performed the assessment on all patients.
MicroFET2™ provides a simple and affordable tool for evaluating muscle
strength. It is designed to fit into the palm of the hand, which enables the
user to apply resistance directly to the movement of an extremity and

determine the force output of the muscle movement in the extremity.

Figure 19 The MicroFET device

9. Blood biomarker Matrix Metalloproteinase 7 (MMP-7) was assessed in
this study. Blood samples were collected pre and post eight weeks of the
PRP. The blood samples were then taken to Newecastle University,
centrifuged, and then stored at -80°C. Enzyme-linked immunosorbent
assays (ELISA) are used to evaluate the presence of proteins in
samples. An R&D Systems DuoSet Kit (R and D Systems, Minneapolis,
MN, USA) was used for performing Sandwich ELISA according to the

manufacturer’s instructions
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4.2.6 Statistical analysis

For the statistical analysis, GraphPad Prism 9 (GraphPad Software, Inc.) was used to
obtain descriptive statistics. Means, medians, standard deviation, and interquartile
ranges were used to describe numeric variables, and absolute and relative frequencies
(%) were used for categorical variables. Due to this study being a feasibility pilot study
of a randomised controlled trial, no statistical testing of hypotheses was performed. A
guote from Leon et al. supports this "A pilot study is not a hypothesis testing study.
Therefore, no inferential statistical tests should be proposed in a pilot study protocol.
With no inferential statistical tests, a pilot study will not provide p-value" (Leon et al.,
2011).
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4.3 Results

4.3.1 Characteristics of participants

Fourteen patients with the diagnosis ILD including nine with CPFE referred to
pulmonary rehabilitation by their ILD consultant at the RVI, Newcastle upon Tyne,
United Kingdom were enrolled into this study. 12 study participants attended the full
PRP with only 2 dropouts. Pre and post data of 14 participants baseline characteristics
is provided in (see Table 11 and Table 13), which shows patients mean age was 68
years, 64% were male, and the mean FVC was 2.42 litres. Patients’ characteristics by

study group intervention versus control group is provided in (see Table 12).

Table 11 Baseline characteristics of all study participants. Data are presented as mean * standard
deviation.

Variable Number of participants = 14
Mean (SD)
Age (years) 68 (9.4)
Male 9 (64%)
Female 5 (36%)
ILD Disease
CPFE 9 (64%)
IPF 2 (14%)
HP 2 (14%)
CTD-ILD 1 (7%)
Weight (kg) 79.1 (13.7)
Height (cm) 168.7 (8.0)
BMI (kg/m?) 28.0 (4.3)
FVC (L) 2.4 (1.0)
FVC (%pred) 73.1 (26.7)
FEV1 (L) 1.9 (0.8)

FEV1/FVC (ratio %) 105 (9.3)
TLCO (% pred) 43.5 (13.5)

Abbreviations: ILD, interstitial lung diseases; CPFE, combined pulmonary fibrosis and emphysema; IPF,
idiopathic pulmonary fibrosis; HP, hypersensitivity pneumonitis; CTD-ILD, connective tissue disease
associated-ILD; BMI, body mass index; FVC, forced vital capacity, FVC (%pred), FVC percentage
predicted; FEV1, forced expiratory volume in one second; TLCO (% pred), transfer factor for carbon
monoxide percentage predicted.
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Table 12 Baseline characteristics of participants by study group. Data are presented as mean * standard

deviation.

Intervention group

Control Group

Mean (SD) Mean (SD)
Age (years) 68 (4.6) 68 (11.5)
Male 4 (80%) 5 (56%)
Female 1 (20%) 4 (44%)
ILD CPFE 4 (80%) CPFE 5 (56%)

CTD-ILD 1 (20%) IPF 2 (22%)

HP 2 (22%)

Weight (kg) 80.1 (14.5) 78.6 (14.1)
Height (cm) 171 (11.2) 167.3 (6.0)
BMI (kg/m?) 27.4 (4.2) 28.3 (4.6)
FVC (L) 2.5 (1.0) 2.4 (1.0)
FVC (% pred) 69.6 (25.8) 75.1 (28.6)
FEV1 (L) 2.1 (1.0 1.8 (0.8)
FEV1/FVC (ratio %) 110.4 (11.2) 102 (7.0)
TLCO (% pred) 44 (8.5) 43.3 (15.9)

Abbreviations: ILD, interstitial lung diseases, BMI, body mass index; FVC, forced vital capacity, FVC
(%pred), FVC percentage predicted; FEV1, forced expiratory volume in one second; TLCO (% pred),

transfer factor for carbon monoxide percentage predicted.
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Table 13 Baseline characteristics of all the participants in the study.

Participant | ILD Sex Study Age BMI FVC (L) |FVC (% |FEV1 (L) | FEV1/FVC | TLCO
disease group pred) (ratio %) (% pred)
101 CPFE Male Control 83 23.4 4.4 134 3.5 110 56
102 CPFE Male Intervention 72 26.1 3.6 88 3.1 114 41
103 CPFE Female Control 56 29.8 2.3 80 1.8 99 38
104 CPFE Male Intervention 61 23.9 3.4 85 3.1 120 43
105 CPFE Female Control 70 35.1 2.6 89 1.8 92 51
106 CPFE Female | Intervention 72 26.0 1.9 89 1.4 99 56
107 CPFE Male Control 83 31.2 2.1 86 1.5 96 71
108 CPFE Male Control 81 24.6 3.3 86 2.2 95 26
109 CPFE Male Intervention 69 26.2 2.4 55 2.2 121 36
110 HP Female Control 56 32.1 14 47 11 104 47
111 HP Female Control 62 22.9 1.1 46 0.9 102 -
112 IPF Male Control 60 32.0 2.4 60 2.0 109 27
113 CTD-ILD Male Intervention 66 34.6 11 31 0.9 98 -
114 IPF Male Control 61 23.8 2.0 48 1.7 111 30

Abbreviations: CPFE, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis; HP, hypersensitivity pneumonitis; CTD-ILD, connective tissue
disease associated-ILD; BMI, body mass index; FVC, forced vital capacity, FVC (%pred), FVC percentage predicted; FEV1, forced expiratory volume in one second;
TLCO (% pred), transfer factor for carbon monoxide percentage predicted.

111



Table 14 Descriptive statistics of outcome variables pre and post the pulmonary rehabilitation programme. Data are presented as medians (IQR)

Intervention group Control group

N=5 N=9

Median (IQR) Pre Post Pre Post
MIP (cmH20) 48.5 (33-67) 85.7 (45-102) 47 (38-60) 67.4 (49-89)
KBILD Total score 74 (47-81) 68 (54-86) 57 (49-74) 57.5 (46-88)
FSS score 4.8 (3.2-5.8) 4.9 (4.89-5.22) 5.2 (2.6-6.7) 4.9 (3.6-5.6)
HADS-D 6.5 (3.8-7.8) 7 (2.0-8.0) 5 (3.0-8.0) 5.5 (1.0-11.0)
HADS-A 6 (4.0-9.5) 5 (2.0-7.0) 9 (2.5-12.0) 11 (4.5-11.3)
FVC (litres) 2.4 (1.5-3.5) 2.2 (1.1-3.7) 2.3(1.7-2.9) 2.1(1.7-2.9)
FVC% 85 (43-88.5) 50 (31-91) 80 (47.5-87.5) 60 (46.3-96)
TLCO% 42 (37.3-52.8) 46 (44-48) 425 (27.8-54.8) 38 (33-49)
1IMSTS  (number of 14 (11-17.5) 17 (13-21) 13 (10.5-17.5) 17 (15.5-27)

repetitions)

Rt quadriceps strength
(Ibs)

129.5 (91-168)

128 (82-185)

116 (82-157.5)

112.5 (83-154)
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Lt quadriceps strength 127.5 (95-163) 117 (102-181) 109 (78-149) 98 (79-143)

(Ibs)

Rt deltoid strength (Ibs) 126 (90-143) 134 (67-208) 97 (66-164) 121.5 (83-142.5)
Lt deltoid strength (Ibs) 124.5 (88-152) 140 (76-144) 106 (64-156) 125.5 (98-144)

Rt biceps strength (Ibs) 164 (130-205) 117 (113-222) 132 (87-186) 129 (101-149)

Lt biceps strength (Ibs) 163 (118-201) 113 (94-253) 132 (114-176) 132.5 (96-152)

Abbreviations: MIP, maximum inspiratory pressure; KBILD, The king’s brief interstitial lung disease questionnaire; FSS, fatigue severity scale, HADS, The hospital
anxiety and depression scale; FVC, forced vital capacity; FVC%, FVC percentage predicted; TLCO%, transfer factor for carbon monoxide percentage predicted,
1MSTS, one minute sit to stand test.
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Table 15 Adapted changes due to the impact of COVID-19 disruption

Pre COVID-19 Post COVID 19 Rational

Location Marie Curie Hospice Freeman hospital and RVI, Marie curie hospice with the critical patients
Newcastle upon Tyne. they have were still limiting access to the facility

Duration of 8-week PRP 6 weeks PRP This was a modification made by the

programme physiotherapy department on the program

Target participants CPFE CPFE + ILD We have decided to include patients with ILD as

well in the time remaining for data collection
Outcomes collected 6 MWT 1IMSTS This was to follow social distance COVID-19

guidelines at RVI and was adapted by the
physiotherapy department

Education session

Weekly face to face
provided from various
allied health

professionals

Recorded educational videos
developed by various allied

health professionals

Due to COVID-19, social distance guidelines
were still in place. The goal was to have as few

contacts to patients as possible.

Relaxation session

Weekly

Once at the end of PRP

The weekly relaxation session before COVID-19
used to be conducted in a room designated for

relaxation at Marie curie hospice.
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4.3.2 Attendance

Table 16 Attendance of the participants in the pulmonary rehabilitation programme

115

Pre Week Week Week Week Week Week Week Week Post Attendance %
measurements 1 3 5 6 7 8 measurements
101 | v v v v v v v v v v 100%
102 | v v v v v v v v v v 100%
103 v v v v v v v v X v 87.5%
104 v v v v v v v v v X 100%, lost to follow up.
105 v v X v v v X v X X 62.5%, lost to follow up.
106 v v v v v X v v X X 75%, lost to follow up.
107 v v X X X X X X Dropout chest infection
108 v v X X X X X X Dropout time not convenient
109 | v v v v v v v v 100%
110 | v v v v v v X v 83.33%
111 v v v v v v v v 100%
112 | v v X v X v X v 50%




113

114

83.33%

100%

Mean 86.81%
Dropout 14.29%

Note: From participant 107, the duration of the pulmonary rehabilitation program was changed from 8 weeks to 6 weeks by the physiotherapy department post COVID

19.
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The PRP had a good attendance rate, with a mean attendance of 87%. In this study,
64% participants completed the study. There were only two dropouts (14%)—one
dropped out due to a chest infection at the time of the study, while the timing of the
PRP patient was inappropriate for another patient. Due to the March 2020 COVID-19
pandemic restriction, post measurements data of three participants were not collected,

and they were lost to follow-up.

4.3.3 Side effects

No side effects or complications with participants’ health or safety were observed
during the study. The PRP with or without inspiratory muscle training was safe to
conduct in patients with ILD, including (n=9) patients with CPFE.
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4.3.4 Maximum inspiratory pressure (MIP)

In this study, the MIP tended to increase in all the participants in this study, irrespective
of whether they were in the intervention or control groups (see Figure 20). Moreover,
the number of participants in this study was low: only three in the intervention group
(see Figure 20) graph (A) and six in the control group (see Figure 20) graph (B). The
improvement in the intervention group was expected, as these participants received
eight weeks of daily IMT. The improvement in IMT, as evident from an increase in MIP
of the control group, might be due to an indirect effect of the other exercises performed

as part of the PRP and regular spirometry measurements.
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Figure 20 Change in maximum inspiratory pressure (MIP) Data are given as individual values.

The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the
intervention group. Graph (B): Pre and post data for the control group. MIP = Maximum Inspiratory
Pressure.

4.3.5 Patient-reported outcome measures

4.3.5.1 The King’s Brief Interstitial Lung Disease Questionnaire (K-BILD)
4.3.5.1.1 K-BILD breathlessness domain score

The K-BILD comprises 15 items divided into 3 domains: breathlessness and activities
(tems 1, 4, 11, and 13), chest symptoms (items 2, 7, 9), and psychological (items 3,
5, 6, 8, 10, 12, and 14). The K-BILD breathlessness and activities (items 1, 4, 11, and
13) revealed a trend of remaining constant or improving slightly in this study. In the
intervention group, K-BILD breathlessness and activities improved in one out of three

patients, while it remained the same for the other two participants. In the control group,
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four out of six participants showed an improvement in the K-BILD breathlessness and

activities domain (see Figure 21).
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Figure 21 Change in the K-BILD breathlessness domain score. Data are given as individual values.
The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the

intervention group. Graph (B): Pre and post data for the control group. K-BILD = The King's Brief
Interstitial Lung Diseases Questionnaire

119



4.3.5.1.2 The K-BILD psychological domain score

The K-BILD psychological domain score (items 3, 5, 6, 8, 10, 12, and 14) showed a
trend of improving slightly or remaining the same in most of the participants in this
study. In the intervention group, the K-BILD psychological domain score improved in
one out of three participants. In the control group, the K-BILD psychological domain

score improved for four out of six participants (see Figure 22).
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Figure 22 Change in the K-BILD psychological domain score.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. K-
BILD = The King’s Brief Interstitial Lung Diseases Questionnaire.
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4.3.5.1.3 The K-BILD chest symptoms domain score

The K-BILD chest symptoms domain score (items 2, 7, and 9) showed a trend of
decreasing in the intervention group, and slightly improving in the control group. In the
intervention group, the score for the K-BILD chest symptoms domain improved in one

out of three participants. In the control group, this score improved for four out of six

participants (see Figure 23).
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Figure 23 Change in the K-BILD chest symptoms domain score. Data are given as individual values.
The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the
intervention group. Graph (B): Pre and post data for the control group. K-BILD = The King'’s Brief
Interstitial Lung Diseases Questionnaire

The score for the K-BILD chest symptoms domain (items 2, 7, and 9).
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4.3.5.1.4 Overall K-BILD score

The K-BILD total score ranges from 0 to 100, with higher score indicating better quality
of life. The K-BILD total score showed a trend toward being slightly improved or
maintained in most of the participants in this study (see Figure 24). In the intervention
group, K-BILD total score was either improved or maintained in two out of 3 study

participants. In the control group four out of 6 had improvement in K-BILD total score.
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Figure 24 Change in the overall K-BILD score. Data are given as individual values.
The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the

intervention group. Graph (B): Pre and post data for the control group. K-BILD = The King's Brief
Interstitial Lung Diseases Questionnaire.
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4.3.5.2 Fatigue severity scale (FSS)

The fatigue severity scale (FSS) comprises nine statements regarding the frequency,
severity, and impact of fatigue on activities of daily life. Participants were asked to rate
their agreement with each statement on a scale ranging from 1 to 7. In this study, as
depicted in (see Figure 25), the FSS score for two out of three participants either
decreased or remained the same in the intervention group. In the control group, the
FSS score for four out of six participants indicated an improvement in fatigue level,

while the FSS score for the other two participants increased.
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Figure 25 Change in the fatigue severity scale (FSS). Data are given as individual values.

The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the
intervention group. Graph (B): Pre and post data for the control group. FSS = Fatigue Severity Scale.
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4.3.5.3 The Hospital anxiety and depression scale (HADS)

4.3.5.3.1 Hospital anxiety and depression scale—Depression

The Hospital Anxiety and Depression Scale (HADS) comprises 14 multiple-choice
items—7 items for anxiety and 7 items for depression. The total score ranges from 0
to 21. A score of less than 8 implies the absence of anxiety or depression, a score from
8 to 10 is indicative of borderline anxiety or depression, and a score 11 or over
suggests a clinically significant anxiety or depression. In this study, participants in the
intervention group had a normal baseline HADS-Depression score (less than 8) and
maintained this normal score post the PRP and IMT. In the control group, three
participants had normal baseline HADS-Depression score (less than 8) and maintained
this normal score post the PRP. One patrticipant in the control group had an abnormal
high HADS-Depression score, with only a slight improvement in score from 19 to 17
post PRP. Two participants in the control group had a normal HADS-Depression score
before the PRP, which changed to a borderline score after the PRP (see Figure 26).
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Figure 26 Change in the Hospital Anxiety and Depression Scale (HADS)—Depression scores.
Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
HADS= Hospital Anxiety and Depression Scale.
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4.3.5.3.2 Hospital anxiety and depression scale—Anxiety

In this study, participants in the intervention group had normal baseline HADS—
Anxiety score, except for one participant with a borderline score that improved post
pulmonary rehabilitation and IMT. In the control group, the score for two participants
changed after the pulmonary rehabilitation from borderline to abnormal. The remainder
of the patrticipants (n = 4) in the control group maintained either normal or abnormal

scores, with trends towards increased anxiety (see Figure 27).
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Figure 27 Change in Hospital Anxiety and Depression Scale (HADS)—Anxiety scores.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.

HADS= Hospital Anxiety and Depression Scale.
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4.3.6 Minimal clinically important difference (MCID) of outcomes

The MCID represents the smallest changes in an outcome after an intervention, which
is considered clinically meaningful improvement. The amount of change in outcomes
(post data — pre data) of all participants in this study is shown in (see Table 17). The
MCID of MIP was found for two out of nine participants (22%), while the MCID of the
1MSTS repetitions was found for seven out of nine participants (78%). The K-BILD
breathlessness score achieved MCID for one out of nine participants (11%). The K-
BILD psychological score achieved the MCID for one out of nine participants (11%).
The K-BILD chest symptoms score achieved MCID in none of the participants (0%).
The K-BILD overall score achieved MCID for three out of nine participants (33%), and
the FSS score achieved MCID for five out of nine participants (56%)
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Table 17 Change in outcomes (post data-pre data) for all participants in the study assessing achievement of minimal clinically important difference (MCID).

Change in outcome= (post measurement — pre measurement)

Participants | Study MIP IMSTS K-BILD K-BILD K-BILD Chest | K-BILD FSS
group Repetitions | Breathlessness | Psychological | symptoms Total
and activities
MCID 17.2 2.03-3.45 7 (6-8) score 6 (5-7) score |11 (7-14) score 5 (4-7) (0.45-0.88)
cmH20 | repetitions
101 Control 13.14 5 2 1 4 -1.89
102 Intervention | 53.5 12 4 7 -1 10 0.11
103 Control 11 4 -7 0 -4 -3
104 Intervention | Excluded
105 Control Excluded
106 Intervention | Excluded
107 Control Dropout
108 Control Dropout
109 Intervention | 8.76 3 0 0 -5 -6 3.33
110 Control 9.3 3 -3 -9 -6 -15 3.77
111 Control 10 3 4 3 -3 3 -0.78
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112 Control 14 2 -1 1 1 1 3.44
113 Intervention | 13 -4 -1 -5 5 0 -0.89
114 Control 22.7 7 7 4 3 15 -0.89
Mean (SD) 17.34 3.89 (4.26) |1.33 -0.44 -0.56 0.89 0.36
(14.19) (3.12) (5.39) (3.6) (8.81) (2.52)

MCID, minimal clinical important difference; MIP, maximum inspiratory pressure; 1IMSTS, one minute sit to stand test; K-BILD, The king'’s brief interstitial lung diseases
guestionnaire; FSS, fatigue severity scale. Bolded and underlined mean MCID was achieved. MCID for 1IMSTS after pulmonary rehabilitation of 2.03—-3.45 repetitions
was identified for patients with COPD.
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4.3.7 Pulmonary function test

4.3.7.1 Forced vital capacity (FVC)

The FVC (in litres) was measured pre- and post- the PRP in both the intervention and
control groups (see Figure 28). In the intervention group, one participant showed an
improvement in FVC, one maintained their score, and one participant had a decrease
in FVC post the PRP and IMT. In the control group, there was a decrease in median
FVC after the PRP. There was an improvement in FVC for two participants, a
maintenance of the same score for two, and a decrease in the FVC for two participants
after the PRP. In this cohort of patients, the FVC showed a stable trend in this study It
is difficult to make definite conclusions regarding the FVC due to the low number of

participants.

With regard to the FVC% (see Figure 29), an FVC% <80% is required for antifibrotic
prescription. In this study, two out of five participants in the intervention group and four
out of nine in the control group had an FVC% <80%, with a trend toward no change or

decrease in FVC% in both groups.
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Figure 28 Change in forced vital capacity (FVC) in litres. Data are given as individual values.

The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the
intervention group. Graph (B): Pre and post data for the control group. FVC = Forced Vital Capacity.
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Figure 29 Change in in percentage of predicted forced vital capacity (FVC%) Data are given as individual

values.

The black dotted lines represent pre and post median values. Graph (A) Pre and post data for the

intervention group. Graph (B): Pre and post data for the control group.
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4.3.7.2 The transfer capacity of the lungs for carbon monoxide (TLCO)

The TLCO% was measured for both the intervention and control groups, pre- and post-
PRP (see Figure 30). Two participants in the intervention group showed an
improvement in TLCO% post pulmonary rehabilitation and IMT. In the control group,
the median of TLCO% decreased slightly. In the control group, the score for two
participants improved, that for one participant was maintained, and that for two
participants decreased post-PRP. In this cohort of patients, the TLCO% showed a

stable trend in this study; however, it is difficult to draw definite conclusions with a small

sample size.
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Figure 30 Change in percentage of predicted transfer capacity of the lungs for carbon monoxide
(TLCO%).

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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4.3.7.3 TLCO Z-scores
There were two participants in the intervention group for whom the TLCO z-score data

was collected; they both improved after the PRP and IMT. In the control group, three
participants showed little improvement in their TLCO z-score, while for two participants,
the TLCO z-score decreased slightly after PRP. There was either no change or a slight

decrease in the TLCO z-score median of the control group after the PRP (see Figure

31).
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Figure 31 Change in Transfer Capacity of The Lungs for Carbon Monoxide z-score.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
TLCO = transfer capacity of the lungs for carbon monoxide.
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4.3.8 One Minute sit-to-stand test (IMSTS)

The 1IMSTS was assessed in this study to evaluate exercise capability for both the
intervention and control groups (see Figure 32). Two out of three participants in the
intervention group showed an improvement in their IMSTS score after the PRP and
IMT. In one of the three participants in the intervention group, whose disease condition
was exacerbated during the study, there was a reduction in the 1IMSTS score. All the
participants in the control group showed an improvement in their LIMSTS scores after
the PRP. All the participants both in the intervention and control groups showed an
improvement in their LIMSTS scores after the PRP, except for one participant from the

intervention group, as mentioned above.

(A) (B)
Intervention group Control group
401 40-
(]
.g 30— é 30+ /
:?} Ezo— /
o 204
w -
5 | ¥ o i ==
Z 10- 20l T
c G 1 1
1 I
N
% % S Q)
COMCA S
& > RV
< QO

Figure 32 Change in the one minute sit-to-stand test scores.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
1MSTS= One Minute Sit-to-Stand Test
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4.3.9 Strength of major body muscles

4.3.9.1 Strength of the right biceps

The right biceps muscle strength was measured using a handheld dynamometer
(microFET) by the same assessor pre- and post- PRP. As depicted in (see Figure 33),
in the intervention group, the right biceps muscle strength for one participant was
maintained, while that for the other reduced after the PRP and IMT. In the control
group, there was no change in the median scores, with the right biceps muscle strength

improving for one participant, being maintained for another, and reducing for four
participants after PRP and IMT.
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Figure 33 Change in strength of the right biceps.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.9.2 Strength of the left biceps

The strength of the left biceps was measured in a similar manner as that for the right
guadriceps—using a handheld microFET device. As depicted in (see Figure 34), there
was an improvement in the strength of the left biceps for one participant in the
intervention group after PRP and IMT, while there was a decrease in the strength of
the left biceps for another participant in the same group. In the control group, there
was no change in median after the PRP, with an improvement in the strength of the
left biceps for one participant, a maintenance of the same level of strength for another,

and a decrease in the strength of the left biceps for four participants after the PRP.
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Figure 34 Change in the strength of the left biceps.
Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.9.3 Strength of the right deltoid

The strength of the right deltoid was measured using a handheld dynamometer
microFET as well. As depicted in (see Figure 35), there was an improvement in the
strength of the right deltoid for one participant in the intervention group, and a reduction
in the strength of the right deltoid for one participant in the same group after the PRP
and IMT. In the control group, there was an improvement in the median of the strength
of the right deltoid after the PRP. There was an improvement in the strength of the right
deltoid for two participants and a reduction in the strength of the right deltoid for four

participants in the control group after the PRP.
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Figure 35 Change in the strength of the right deltoid.
Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.9.4 Strength of the left deltoid

A handheld dynamometer microFET device was used to assess the strength of the left
deltoid. As evident from (see Figure 36), in the intervention group, there was an
improvement in the strength of the left deltoid for one participant after the PRP and
IMT, while there was a decrease in the strength of the left deltoid for another
participant. In the control group, there was an improvement in the median score after
the PRP. Moreover, the strength of the left deltoid improved for two participants,

remained the same for one, and decreased for three participants in the control group.
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Figure 36 Change in the strength of the left deltoid.
Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.9.5 Strength of the right biceps

The strength of the right biceps among participants in both groups was assessed using
a handheld dynamometer microFET. As depicted in (see Figure 37), there was an
improvement in the strength of the right biceps for one participant in the intervention
group, while there was a decrease in the in the strength of the right biceps for another
participant in the same group. In the control group, the strength of the right biceps
improved for one participant, remained the same for another, and decreased for four
participants. Moreover, there was a decrease in the median score of the strength of

the right biceps for the control group after the PRP.
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Figure 37 Change in the strength of the right biceps.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.9.6 Strength of the left biceps

The strength of the left biceps was measured using a microFET handheld
dynamometer. As evident in (see Figure 38), the left biceps muscle strength improved
for one participant, but worsened for another participant in the intervention group. In
the control group, there was no change in the median score of the strength of the left
biceps after the PRP. Moreover, there was an improvement in the strength of the left
biceps for one participant and a reduction in the strength for five participants in the

control group.
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Figure 38 Change in the left biceps strength.
Data are given as individual values. The black dotted lines represent pre and post median values. Graph

(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group. Ibs
= pound.
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4.3.10 Blood biomarker matrix metalloproteinase 7 (MMP-7)

The blood biomarker MMP-7 was measured in this study. Data of three participants
was available for the intervention group. There was trend toward maintenance in the
intervention group with a slight increase in medians from 2.081 to 2.380
nanograms/milliliter (ng/mL) post pulmonary rehabilitation + IMT. The control group.
MMP-7 data of 6 participants was available and showed maintained median with only

a slight decrease 3.318 to 3.187 ng/mL (see Figure 39).
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Figure 39 Change in MMP-7 biomarker.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
MMP-7= Matrix Metalloproteinase 7.
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Table 18 Change in MMP-7 level in all participant

o Group _ _ Pre MMP-7 Post MMP-7 Change in
Participants Diagnosis
ng/mL ng/mL MMP-7
Control 2.57 2.67
101 CPFE No change
Intervention 2.11 2.38
102 CPFE 1
Control 4.15 3.70
103 CPFE !
Intervention 3.33 Dropout
104 CPFE -
Control 2.89 Dropout
105 CPFE -
Intervention 2.02 Dropout
106 CPFE -
Control 1.55 Dropout
107 CPFE -
Control 5.52 Dropout
108 CPFE -
Intervention 4.55 3.75
109 CPFE !
Control 2.99 1.91
110 HP !
Control 10.06 5.47
111 HP !
Control 1 Increased >>
3.70 4.82 patient condition
112 IPF
progressed and
died.
Intervention 1.93 1.87
113 CTD-ILD No change
Control 3.32 2.52
114 IPF }

Abbreviations: CPFE, combined pulmonary fibrosis and emphysema; HP, hypersensitivity pneumonitis;
IPF, idiopathic pulmonary fibrosis; CTD ILD, connective tissue disease associated interstitial lung

diseases; MMP-7, Matrix Metalloproteinase 7, ng/ml, nanograms/milliliter.
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4.4 Discussion

The aim of this chapter was to evaluate the feasibility of IMT as a part of the PRP in
patients with ILDs. In this study, we were able to demonstrate that IMT as part of the
PRP is feasible in a group of ILD patients, which included a few people with CPFE,
with good attendance and completion rates. The programme was safe, with no adverse
events recorded during the study. Further, in this study, no changes were seen in
health-related quality of life, fatigue, anxiety and depression, pulmonary function test
results, and strength of major body muscles. However, the low number of participants

in this study might be an important consideration in interpreting these data.

4.4.1 Attendance

In this study, the PRP had a good attendance rate, with a mean of 87% and a low
dropout rate of only 2 (14%) (see Table 16). The two dropouts were both from the
control group; one had a chest infection at the time of the study, and the other had time
scheduling conflicts.. Further, three participants were lost to follow-up as their post
measurements data were not collected due COVID-19 pandemic restrictions in March
2020. The patrticipant that dropped out due to inconvenient timing, as well as the three
participants who were lost to follow-up, are missing at random. There was nothing to
suggest that this was not by random, with the exception for the one participant that
dropped out due to chest infection. The percentage of participants who completed the
study was 64%. In addition, the participants (which included 9 (64%) of participants
with CPFE) were mainly keen to attend the PRP and provided positive feedback.

Our completion rate of 64% is consistent with that reported from a large, randomised
control trial conducted by Dowman et al., which included 142 patients with ILD, where
66% of the participants in their intervention group completed the study. They also found
that adherence to the PRP and progression of exercise intensity maximized the
benefits of the PRP (Dowman et al., 2017b). Other studies have reported that when
compared to COPD, patients with IPF obtained similar benefits from the PRP and
similar completion rates of the programme as well. The PRP improved exercise
capacity, health-related quality of life, and dyspnoea in patients with IPF (Nolan et al.,
2022, Arizono et al.,, 2017). Nolan et al. also found that no completion and non-

response were associated with increased one-year mortality in patients with IPF (Nolan
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et al., 2022). Others reported that completion of the PRP in patients with IPF prior to
receiving unilateral lung transplantation was associated with risk of death being
decreased by half in patients with IPF as well, reduced duration of life support on a
mechanical ventilator, stay at intensive care unit, and overall duration of stay in hospital
(Florian et al., 2019).

4.4.2 Side effects

The PRP was safe to implement for patients with ILD, even though the participants
were elderly with some signs of frailty, in a group that included people with CPFE.
There were no adverse events registered during exercise training. This is consistent
with the work of Dowman et al. in their large, randomized control trial involving 142
patients with ILD, in which there were no adverse events either (Dowman et al., 2017b).

4.4.3 IMT and ILD

This study has shown that six to eight weeks of the PRP and IMT in patients with ILD
was effective in improving the strength of the patient’s inspiratory muscles, as
measured by the MIP. An interesting finding was that the improvement in the
inspiratory muscle pressure was observed in all participants, both in the intervention
and control groups, as depicted in (see Figure 20). This indicates that participants’
inspiratory muscle strength increased merely by attending a PRP, regardless of
receiving IMT; however, higher improvement were observed in those in the intervention

group who received inspiratory muscle training using POWERbreathe®.

Although IMT has been extensively studied in patients with COPD, studies that
evaluate its role and effectiveness in patients with ILD are scarce. The ERS and ATS
recommended IMT as an additional therapy to PRPs in patients with chronic lung
diseases (Nici et al., 2006, Spruit et al., 2013). One of the first studies to describe IMT
was Leith and Bradley (1976). They showed that the inspiratory muscles could be
trained, thereby leading to an increase in strength and endurance (Leith and Bradley,
1976).

Further, there have been a limited number of studies evaluating IMT in patients with
ILD. There is only one recently published randomized controlled single-blinded trial

study with parallel groups that evaluated IMT during a PRP in patients with ILD
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conducted by Zaki et al. in 2022; they aimed to evaluate the effect of adding IMT to the
PRP in patients with ILD. Fifty-one participants with ILD were randomly assigned to
either PR with IMT (Intervention group = 26) or to PR only (Control group = 25) for a
duration of eight weeks. The PR programme was conducted three sessions/week for
eight weeks and consisted of aerobic exercises, strength training, dyspnoea coping
strategies, psychological counselling, and nutritional information. In addition, the PR
with IMT intervention group underwent 21 minutes of IMT after the PR sessions using
POWERbreathe® Medic, a threshold inspiratory muscle trainer. POWERDbreathe® was
initially set at 30% of the patient’s baseline (PImax). The results obtained by Zaki et al.
were consistent with our findings in that the inclusion of IMT to PRPs in patients with
ILD showed better improvement in inspiratory muscle strength and functional capacity,
even though Zaki et al. observed further improvements in health-related quality of life,

as measured by SGRQ and dyspnoea (Zaki et al., 2022).

In accordance with increased inspiratory muscle strength observed in this study, other
studies have demonstrated that a PRP with IMT in patients with IPF has resulted in
improvements in inspiratory muscle pressure and exercise capacity as well as
improvements in dyspnoea, thereby improving the effectiveness of the PRP compared
to a control group that received only general body exercises but no IMT (Vivek et al.,
2017).

Kaushal et al. also recently evaluated the effect of IMT combined with pulmonary
rehabilitation in 25 patients with ILD. The pulmonary rehabilitation program consisted
of 60 minutes of exercise training (endurance training with cycle ergometry, strength
training, flexibility training, and respiratory muscle training with a threshold IMT) in 3
supervised sessions a week for a duration of 8 weeks. The programme also included
education on lung health, breathing exercises, stress management, and medication.
Significant improvement in functional capacity 6MWT was seen in patients with ILD at
the end of the programme. Moreover, the dyspnoea scale, as measured by the
modified Medical Research Council scale, improved from severe to mild at the end of
the programme. The inspiratory muscle pressure increased significantly at the end of
the eight weeks. A negative correlation was found between inspiratory muscle
pressure and dyspnoea, which implied that an increase in inspiratory muscle pressure
was associated with a decrease in dyspnoea. At the six-month follow up, these

improvements were not maintained and were reversed (Kaushal et al., 2019).
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Another study examined the effects of an IMT as a standalone programme in 22
Advanced Lung Disease patients (IPF n =5, hypersensitivity pneumonitis n = 1, COPD
n = 11, bronchiectasis n = 4, and asthma n = 1). Patients performed eight weeks of
IMT as a high-intensity interval training programme with a flow resistive tapered loading
device. Improvements in quality of life, dyspnoea during daily life activities, respiratory
muscle strength, and endurance were observed and maintained at the three-month
follow up (Hoffman et al., 2021a). In a previous study in 2018, the same group
evaluated the same IMT programme and its effect based on the perception of the
patients. Interviews with patients with advanced lung disease (IPF = 2) revealed
improvements in breathlessness and mobility after the IMT programme, which led to
improvements in daily life activities and communication (Hoffman et al., 2018). Further,
Koulopoulou et al. also conducted a pilot study in which 17 patients with ILD were
randomized into high-intensity IMT (intervention group n = 9) or low-intensity IMT
programmes (control group n = 8) for eight weeks. Inspiratory muscle strength
improved significantly in the intervention group, with no difference between the groups

in terms of dyspnoea, quality of life, or exercise capacity (Koulopoulou et al., 2016).

According to these data, we can infer that inspiratory muscle training as an addition to
PRP in patients with ILD will likely result in increased inspiratory muscle strength as
measured by maximum inspiratory pressure, which is demonstrated in this chapter as
well. In addition, it is also possible that IMT training could also result in further
improvements in functional exercise capacity. Other studies have reported
improvements in dyspnoea and health-related quality of life, but these findings were
not observed in this study.
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4.4.4 Functional exercise capacity: One minute sit-to-stand test

Another aim of this study was to evaluate the effect of a PRP in patients with ILD on
exercise tolerance and functional exercise capacity. The 1MSTS was used as a
measure of exercise tolerance. Consistent with extant literature, this study revealed
that exercise tolerance increased 6—8 weeks after the PRP in all participants (see
Figure 32).An MCID of three repetitions was achieved in all participants who attended
the PRP, with a mean (SD) of 3.89 repetitions (4.26), (see Table 17). The IMSTS is
logistically a more easily deliverable test in busy clinics compared to the six-minute
walk test and this experience of the 1IMST indicates that it provides useful information

in the context of pulmonary rehabilitation.

In accordance with the present results, several randomized controlled trials conducted
in patients with ILD (see Table 19) randomized to either the PRP or to a control group
have shown improvements in exercise capacity, as measured by the 6MWT (Dale et
al., 2014, Dowman et al., 2017b, Holland et al., 2008, Wallaert et al., 2020, Xiao et al.,
2019, Behnke et al., 2003, Menon et al., 2011, Vivek et al., 2017). In patients with IPF,
several randomized controlled trials (see Table 20)have also shown improvement in
6MWT after pulmonary rehabilitation (Jarosch et al., 2020, Nishiyama et al., 2008,
Shen et al., 2016, Shen et al., 2021). Unlike these studies, in the present study, we
used the IMSTS as a measure of exercise tolerance due to its simplicity and ease of
use. While the 6MWT requires a 30-meter long hallway and is usually time consuming
for routine outpatient clinic consultation, the IMSTS is quick and simple, which makes
it a valuable possible measure of functional status. Further, during the COVID-19
lockdown, the RVI local NHS guidelines were to not perform 6MWT, as it would mean
having patients in corridors and making it difficult to maintain distance. In their
randomized controlled trial, Lanza et al. used the 30-second chair stand test and the
6MWT to evaluate the effect of pulmonary rehabilitation in patients with IPF, both of
which significantly improved post the PRP compared to a control group (Lanza et al.,
2019). There is only one randomized control trial conducted by Jackson et al. that
reported no improvements in functional exercise capacity post pulmonary
rehabilitation. It is unclear what the reasons were for such a lack of improvement in
Jackson et al.’s study, but it could be due to a small number of participants or how the
6MWT was conducted (Jackson et al., 2014).

The largest randomized control trial evaluating the efficacy of exercise training in 142

patients with ILD was conducted by Dowman et al. in 2017. This was a multicentre
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assessor-blinded randomized controlled study that was conducted in three specialist
hospitals in Melbourne, Australia. In their study, 142 patients with ILD were randomized
to either receive 8 weeks of exercise training or receive usual medical care. Patients
in the pulmonary rehabilitation intervention group received two sessions a week of
outpatient supervised exercise training. The PRP consisted of 30 minutes of aerobic
exercises—either walking or cycling and resistance training. The intensity for the
cycling was set at 70% of the maximum work rate as calculated from 6MWT, and that
for the walking was set at 80% of peak speed from 6MWT. Exercise intensity was
increased on a weekly basis. Moreover, supplemental oxygen was provided to patients
during exercises, if needed, in order to maintain an oxygen saturation of above 88%.
Patients also received home exercise and education. The control group received
telephone calls once per week for general care. From November 2011 till June 2014,
142 patients with ILD participated in this study. Of these, 61 patients had IPF, 23 had
CTD-ILD, 22 had asbestosis, and 36 had other ILD aetiologies. Dowman et al. have
showed the efficacy of exercise training in patients with ILD, which further supported
the rationale of recommending pulmonary rehabilitation in this group of patients.
Patients with asbestosis showed greater improvements than patients with IPF, with
both asbestosis and IPF patients showing clinically meaningful improvements. Their
study also revealed that improvements were maintained for longer durations in patients
with milder disease. Moreover, patients who increased the intensity of their exercise
training throughout the programme were more likely to maintain their improvements
(Dowman et al., 2017b).

Several recent large multi-centre and international retrospective studies have been
conducted to evaluate the effect of PRPs in patients with ILD and concluded that
improvements in functional exercise capacity, dyspnoea, and health-related quality of
life were achieved post PRPs (Brunetti et al., 2021, Guler et al., 2021, Matsuo et al.,
2021). In their large international retrospective study, Guler et al. found that
improvements in 6MWD after a PRP in patients with fibrotic ILD resulted in improved
survival for up to three years (Guler et al., 2021). Others have recommended early
intervention in the form of pulmonary rehabilitation before disease progresses in fibrotic
ILD (Matsuo et al., 2021). Holland et al. found that pulmonary rehabilitation was most
effective, as it maintained benefits in patients with IPF when disease is mild, thereby
supporting early referral to pulmonary rehabilitation in patients with IPF (Holland et al.,
2012). On the other hand, in patients with ILD, pulmonary rehabilitation was shown to
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be beneficial regardless of disease severity. In their prospective study on ILD patients,
Ryerson et al. (n = 54) assessed the effect of pulmonary rehabilitation and reported
that patients with worse symptoms and lower 6MWD at baseline were associated with
higher improvements in symptoms and 6MWD after pulmonary rehabilitation (Ryerson
et al., 2014a). Ferreira et al. also reported similar findings in their retrospective study
which showed that patients with lower baseline 6MWT had the most improvements in
their 6MWT after pulmonary rehabilitation, thereby suggesting the importance of
pulmonary rehabilitation even in patients with severe ILD disease (Ferreira et al.,
2009).

In a recent Cochrane review conducted by Dowman et al. that reviewed pulmonary
rehabilitation in patients with ILD, it was concluded that better designed randomized
controlled trials are required to identify the best exercise programme and determine
how to increase long-term benefits (Dowman et al., 2021).

Thus, the present study provides valuable information, which has been identified as an
international research priority. The findings of this study suggest that a tailored
rehabilitation programme with or without IMT is feasible in frail elderly people with
ILD/IPF and those with CPFE. This study also indicated that the IMSTST could be
used in a post-COVID-19 clinical setting to provide useful functional information on
patients. Further, the findings indicate that a rehabilitation programme could improve
the functional exercise capacity of patients with ILD and the results could be used to

help design additional larger studies to inform clinical guidelines.
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Table 19 Randomized control trials on interstitial lung diseases (ILD).

Study Participants Design Intervention Results Long-term
Maintenance
1 Holland etal. | 57 ILD (34 IPF) Randomized Intervention eight weeks Improvement in: Changes not

(2008)
(Holland et
al., 2008)
2 Dale etal. 35 dust-related
2014 (Dale et | respiratory
al., 2014) diseases,
including

asbestosis and

asbestoses-

controlled trial
(RCT)

RCT
multi-centre,
parallel group,
assessor
blinded RCT in

Australia (Jan

PRP twice a week. 30
minutes of endurance with
walking and cycling.
Strength training for lower
limbs and upper limbs,
endurance training, and
home exercises was
prescribed with target of a
total of five sessions a
week.

Patients randomized to
either the exercise or
control groups. Patients in
the intervention exercise
group received a

supervised aerobic
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- Exercise capacity
- Dyspnoea and fatigue

symptoms

Improvement in:
- Exercise capacity
HRQoL

maintained at six

months.

At 6.5 months
improvement

maintained.



related pleural
disease
(Behnke et al.,
2003)

3  Dowman et al.
2017
(Dowman et
al., 2017b)

142 ILD (61 IPF)

2009-July
2011)

RCT
Multi-centre
assessor
blinded RCT
At three
specialist

hospitals in

exercise training that
included walking and
cycling three times a week
for a duration of eight
weeks. There was no
strength training or
education included in this
programme. At the end of
the programme, patients
did not receive any
maintenance of exercise
information. The control
group received usual
medical care.

The pulmonary Improvement in:
rehabilitation programme - Exercise capacity
HRQoL

Worse symptoms
and lower 6MWD

at baseline were

consisted of 30 minutes of
aerobic exercises either -
walking or cycling and

resistance training.

Exercise intensity was associated with

150

At six months
Maintained
improvements
were seen in
patients with

milder disease.



4  Kuetal 2017 40ILD

(Vivek et al.,
2017)

attending
Government
Medical College

Hospital, India

(Sept. 2012—-Sept.

2014)

Melbourne,
Australia

(Nov 2011-
June 2014)

RCT
randomized for
standard
treatment + PR
(intervention
group) or
conventional
treatment

(Control group)

increased on a weekly larger

basis. Patients also improvements.
received home exercise - Adherence to
instructions and pertinent exercise training

education. The control progression results

group received telephone in greater
calls once every week for maintained
general care. benefits.

Patients in the intervention | Improvement in:
group received the PRP -

for eight weeks. The PRP

Exercise capacity
HRQoL
consisted of exercise

training, patient

assessment, nutrition,

education, and

psychosocial support.

Exercise training was

conducted four times a

week, with two of them

being supervised and

lasting for two hours each.
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5 | Wallaert et al.
2020
(Wallaert et
al., 2020)

38 patients
Stage IV

Sarcoidosis

RCT Multi-
centre in
France
(Between 2012
and 2016)
Patients
randomized to
two-month PRP
(n=20) or to
counselling (n
= 18)

Endurance training and
upper/lower limbs strength
training, and IMT. The
education component
included medications
used, disease information,
non-pharmacological
techniques, and
behavioural change.
Patients assigned to the
intervention group
attended an outpatient
PRP 3 times a week for 8
weeks, with each session
lasting for at least 30
minutes. The PRP
included endurance
training, strength training,
and upper and lower limb

exercises. Patients also
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Improvement in:
- Exercise tolerance
HRQoL
- Dyspnoea
None of the dalily life
physical activity measures

improved after PRP.

At 6 months and
12 months.
- Exercise
tolerance
- Fatigue

- Dyspnoea



6 Baradzinaet | Abstract only
al. 2013 140 Sarcoidosis
(Baradzina,

2013)

7  Menon et al.
2011 (Menon
et al., 2011)

Abstract only
28 ILD

RCT

patients
randomized to
a PRP (n=70)
or control group
(n=70)

RCT

received therapeutic
patient education.
Patients in the control
group received oral
counselling to improve
their physical activity at
home.

The PRP consisted of
exercise training five times
a week, each session
being for a duration of 40
min, education,
physiotherapeutic
procedures, stress
management, and

nutritional advice.

Patients were randomized
to either a control group
who received standard

medication or to the
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Improvement in:
- Dyspnoea
HRQoL
- Walking test
- disappearance of

weakness.

Improvement in:

- Exercise capacity.

- DLCO

After five years
intervention group
showed:

- Improved lung
function

- Normalized
radiological
picture

- Absence of
relapses

Not measured



8 Wewel et al.
2005(Behnke
et al., 2003)

9 | Xiao et al.
2019 (Xiao et
al., 2019)

Abstract only
99 ILD

Abstract only.
80 coal workers’

pneumoconiosis

RCT

RCT

intervention group who
received supervised eight
weeks of PR with standard
medication.

Intervention (PR) group (n
= 49), control group (n =
50).

The intervention group: 6
months home-based
walking twice daily, for 15
minutes each day. Control
group: no specified
walking.

Patients were randomized
to either comprehensive
rehabilitation treatment or
an individualized exercise
programme (n = 40) and

control group (n = 40).
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Mid-Thigh Cross
Sectional Area on
CT (MTCSAct)

Improvement in: Not measured

Exercise capacity
HRQoL
Cardiopulmonary
exercise testing
(CPET)

Walking distance
pedometer

Dyspnoea

Improvement in: Not measured

Exercise capacity
HRQoL
Lung function

indexes



Table 20 Randomized controlled trials in idiopathic pulmonary fibrosis (IPF).

Study Participants Design Design Results Long-term
Maintenance

1  Nishiyama @ 30 IPF RCT Patients attended a 10-week Improvement in: Not measured
et al. pulmonary rehabilitation programme. HRQoL
(2008) They were randomly assigned to either - Exercise capacity
(Nishiyama pulmonary rehabilitation (n = 13) or to a = No improvement in PFT;
et al., cohort group (n = 15). Two sessions a | no improvement in
2008) week of exercise training and strength | arterial blood gas

training. Education lectures were analysis values.
provided.

2  Gaunaurd | 21 IPF RCT The PRP comprised two sessions a Improvement in: After three
etal. 2014 week, each lasting 90 minutes for 12 - The International months
(Gaunaurd weeks, thereby resulting in a total of 24 Physical Activity Improvements in
et al., sessions. The control group did not Questionnaire IPAQ were not
2014) receive any exercise programme. The (IPAQ). maintained

rehabilitation programme included HRQoL

cardiopulmonary endurance training
(30 min), flexibility exercises (20 min),
strength training (25 min), and

educational lectures. Patients were
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3

4

Jackson et
al. 2014
(Jackson et
al., 2014)

Jarosch et
al. 2020
(Jarosch et
al., 2020)

21 IPF
(Miami, USA)

54 IPF UIP

pattern

RCT non
blinded

RCT multi-
centre (three
study
centres) in

Germany.

also asked to perform home exercises
with therapeutic bands twice a week.
A total of 24 sessions twice a week,
with each session lasting two hours
over a three-month period. Patients in
the control group did not receive
pulmonary rehabilitation. The PRP
consisted of endurance training
(treadmill, cycling), flexibility exercises,
strength training, and education
lectures. Patients were required to do

home exercises as well.

Patients in the PR group received
psychological support, breathing
therapy, medical care (e.g.
initiation/adjustment of long-term
oxygen therapy, non-invasive
ventilation), education, and exercise

training. The exercise training
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Improvement in: Not measured

- MIP increased.

- Maintained
exercise oxygen
consumption
(VO2).

- Constant load
exercise time
lengthened.

No significant change in
6MWT, dyspnoea.

Improvement in: At three months:
- Exercise capacity | - Changein
HRQoL HRQoL was
maintained.



consisted of three-week inpatient
training, 5—6 days/week, with total of 15
to 18 sessions. It included interval
cycle training or endurance training.
Resistance training for large muscle
groups was performed with 3 sets of 15

to 20 repetitions.

Shen etal.  Abstract only RCT Pulmonary fibrosis rehabilitation Improvement in: Not measured
2016 (Shen | 31 IPF exercise, designed by Professor Li - Lung function of
et al., Huiping of Shanghai hospital, was FVC, DLCO, and
2016) performed thrice a day, for a three- FEV1.
month period. - HRQoL
- Exercise capacity
Shenetal. 82 IPF from RCT Patients in the intervention group At 6 months improvement | Not measured.
2021 (Shen  Shanghai received training on how to perform in:
et al., hospital (Jan LHP’s RRPF breathing exercises; - improvements in
2021) 2015-May thereafter, they attended a 12-month lung function
2017) programme. LHP’s RRPF consisted of values (FVC,
three breathing movements—deep FEV1, and DLCO)
breath using both the lungs, deep - HRQoL

breath of unilateral lower lung, and
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7 | Lanza etal | Abstract only
2019 and 24 IPF
2020
(Lanza et
al., 2019)

RCT

deep breath of the upper lung. The
breathing exercises were done three
times a day and lasted 4—-6 minutes
each, with a one-minute rest in

between.

The intervention group attended a
three-month PRP, with a 90-minute
exercise training session twice a week
(total of 24 sessions); those in the
control group maintained their usual

physical activity.
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At 12 months
improvement in:
- Exercise capacity
- lung function
values (FVC,
FEV1, and DLCO.
HRQoL
- Lower Acute
exacerbation
incidence and
one-year mortality
in intervention
group.
Improvement in:
- Physical activity
HRQoL

- Exercise capacity

Not measured



4.4.5 Patient-reported outcome surveys

Health-related quality of life (HRQoL) was evaluated using the K-BILD and fatigue was
assessed through the FSS. This study was unable to demonstrate any difference in
HRQoL and FSS between the pre-PRP and post-PRP stages. A pre-median score of
74 and post-median score of 68 for K-BILD was found for the intervention group and

pre and post median scores of 57 and 57.5, respectively, was observed in the control
group.

Further, with regard to the FSS, no change was observed in this study in both the
intervention and control groups. The intervention group had pre and post median
scores of 4.78 and 4.89, respectively. The control group had pre and post median
scores of 5.22 and 4.89, respectively. The MCID of 5 for the overall K-BILD score and
0.45-0.88 for the FSS were not achieve in this study.

Several published randomized controlled trials in patients with ILD (see Table 19))
have shown that a PRP is effective in improving HRQoL (Baradzina, 2013, Behnke et
al., 2003, Dale et al., 2014, Dowman et al., 2017b, Vivek et al., 2017, Wallaert et al.,
2020, Xiao et al., 2019). Similar findings were also seen in randomized control trial in
patients with IPF (see Table 20)(Gaunaurd et al., 2014, Jarosch et al., 2020, Lanza et
al., 2019, Nishiyama et al., 2008, Shen et al., 2016, Shen et al., 2021). Further, Holland
et al. have shown improvements in fatigue, as measured by the Chronic Respiratory
Disease Questionnaire (p < 0.01) following exercise training in patients with ILD.
Moreover, similar to the present study, Swigris et al. used the FSS scale to assess
fatigue in patients with IPF who attended a PRP and showed improvements (Holland
et al., 2008, Swigris et al., 2011). This study was unable to detect a change in either
HRQoL as measured by K-BILD or in fatigue as measured by FSS after a PRP.
Additional studies with a larger sample size may be needed to detect a change in

HRQoL and fatigue in patients with ILD.

Since patients with ILDs suffer from disabling symptoms of dyspnoea, persistent
cough, and deteriorating exercise tolerance, depression and anxiety are common in
these patients. It has been reported that 31% of patients with ILD have anxiety and
23% have depression with dyspnoea, with comorbidities being significant contributors

(Holland et al., 2014a). Naz et al. compared patients with ILD who underwent 8 weeks
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of PR versus those who underwent 12 weeks of PR. In their study, depression and
anxiety improved after 8 weeks of pulmonary rehabilitation, but there were no further
improvements after 12 weeks of pulmonary rehabilitation programme. They reported
a median (interquartile range) of 6 (5,10) and 4 (1, 10) for anxiety and depression,
respectively (Naz et al., 2018). In our study, higher levels of anxiety and depression
were seen with a median (interquartile range) of 9 (3.5, 10) and 6 (3, 7.5) for anxiety
and depression, respectively. The results of the present study are heterogenous with
regard to changes in anxiety and depression. In both the intervention and control
groups, depression was maintained with trends towards slight worsening. Anxiety
seemed to show trends towards improvement in the intervention group, but seemed
to worsen in the control group. This finding was concordant with a study conducted by
Dowman et al., who reported a trend of improvement in anxiety after nine weeks of
exercise training (p = 0.06) (Dowman et al., 2017b). No significant change in
depression was found in their study (Dowman et al., 2017b). Jarosch et al. reported
improvement in both anxiety and depression in patients with IPF who attended a PRP
(Jarosch et al., 2020). Thus, the findings of the present study indicate the need for a

larger sample size to conduct further confirmative studies and conclusions.

160



4.4.6 Pulmonary function test

This study did not find any significant change in lung capacity measured as FVC post
the PRP, with or without IMT. This is in accordance with the literature where pulmonary
rehabilitation in patients with ILD has no significant effects on lung function (Nishiyama
et al., 2008).

Others have reported improvement in lung function, including FVC, FEV1, maximum
expiratory flow, expiratory flow when vital capacity was 25% and when it was 75%
after the PRP in patients with coal workers’ pneumoconiosis (Xiao et al., 2019). Shen
et al. also assessed the effect of a breathing exercise programme that they developed
(LHP’s respiratory rehabilitation for pulmonary fibrosis) in patients with IPF. They also
reported significant improvements in FVC, FEV1, and TLCO (Shen et al., 2021).

Further, Miller and Cooper recently demonstrated that a decrease in TLCO predicts
survival and that TLCO might be superior in this matter compared to FEV1 or FVC.
They proposed a four-tier classification for grading of TLCO z-scores: =-1.645 =
normal, =-3.0 = mild, 2-5.0 = moderate, and <-5.0 = severe (Miller and Cooper, 2021).
Due to the low number of participants in this study, it is difficult to make definite
conclusions, but most of the participants in this study were patients with ILD and had
a moderate grade TLCO z-score. In this study, the TLCO z-score showed no change
or a slight decrease after the PRP, thereby indicating that a PRP might not have a
strong effect on lung diffusion capacity. A larger sample would be required to confirm
these findings.

4.4.7 Major body muscles strength

Patients with ILD often exhibit peripheral muscle dysfunction, which is believed to play
a significant role in exercise tolerance. In patients with IPF, weakness in quadriceps
has shown to be significantly associated with decreased exercise tolerance as well as
impairment in lung function. Quadriceps muscle strength was also an independent
predictor of peak exercise capacity in patients with IPF (Nishiyama et al., 2005).
Further, in patients with COPD, skeletal muscle weakness—particularly in the
quadriceps—is well acknowledged (Bernard et al., 1998). To the best of my
knowledge, for patients with ILD, there are only two studies that have evaluated

guadriceps muscle strength using a handheld dynamometer (lwanami et al., 2022,
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Dowman et al., 2016). Since skeletal muscle strength possibly influences exercise
tolerance and the potential possible benefits of exercise training, assessing skeletal

muscle strength in patients with ILD could be beneficial.

This study evaluated the muscle strength of three major peripheral extremity
muscles—quadriceps, deltoids, and biceps muscles—for patients with ILD before and
after a PRP. The right and left quadriceps muscle strength of patients with ILD showed
heterogenous results, with a trend toward maintenance for the right quadriceps muscle

and a trend toward decreasing strength in the left quadriceps muscle.

The right and left deltoid muscle strength also showed wide variability in this study,
with a trend toward improvement. The participants in this study in both intervention
and control groups attended a six-eight week PRP in which they received exercise
training, treadmill, and weightlifting. These exercises targeted major body muscles

and, therefore, an improvement in muscles strength was the goal and was expected.

The strength of the right and left biceps was also evaluated and indicated
heterogenous results, with a trend towards a decrease in the strength of these
muscles. In an attempt to assess the reliability of the handheld dynamometer in
evaluating muscle strength, Dowman et al. evaluated the strength of knee extensors
and elbow flexors in 30 patients with ILD. They reported a knee extensor strength
mean (SD) of 19 kg (5.6) and an elbow flexor strength mean (SD) of 16.7 kg (5.0)
(Dowman et al., 2016). In the present study, we found higher means for the strength
of knee extensors and elbow flexors at 57.6 kg and 69.1 kg, respectively. Our study
included participants with ILD with similar lung function results as those in Dowman et
al.; thus, the explanation that we had patients with milder disease is not applicable
here. In this study, the results of major body muscle strength were heterogenous,
which could be attributed to the heterogenous nature of the disease. However, also,
the tester (me) also faced difficulties in measuring muscle strength in this study, as it
appears likely that my strength level might have affected the reliability of this data as
well. The handheld dynamometer microFET2 used to assess muscle strength is
designed to fit into the tester’s palm, allowing the tester to apply resistance directly to
the movement of a participant’s extremity to determine the muscle’s force output. The
amount of resistance the tester is applying against the participant’'s muscle movement
is variable and depends on the tester’s strength. Similar concerns have been reported
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by others such as Dowman et al., who assessed participants in two sessions where
two independent testers assessed the muscle strength of 30 ILD patients. Dowman et
al. concluded that the handheld dynamometer was a reliable instrument in measuring
muscle strength in patients with ILD. However, they noted that there was a trend for
one of the testers to obtain slightly higher muscle strength values in strong study
participants. The researchers explained that this was possibly related to the strength
of the testers (Dowman et al.,, 2016). It has been shown that the reliability of
measurements made by the handheld dynamometer is affected by the tester’s
strength, with the strongest tester producing greater measurements of strength than
other testers (Wikholm and Bohannon, 1991).

Further, Dowman et al. reported minimal detectable difference (MDD) in the handheld
dynamometer measurements to determine the least amount of change required to
show a true improvement or decline. In patients with ILD, the strength of the knee
extensor would need to improve by 2.5 kg and the elbow flex strength would need to
improve by 1.9 kg to have 95% confidence that a real change had occurred when tests

are conducted by the same assessor (Dowman et al., 2016).

Iwanami et al. recently published a study that evaluated the effects of a PRP in patients
with IPF who are receiving antifibrotic medication. This was a non-randomized
controlled study in which participants were classified into four groups— pulmonary
rehabilitation group, pulmonary rehabilitation + antifibrotic medication group, control
group, and antifibrotic medication group. Superior results were found in the pulmonary
rehabilitation and antifibrotic medication groups. One of the outcomes in their study
was quadriceps muscle strength measured using a handheld dynamometer. There
was no significant change in quadriceps muscle strength in all groups (Iwanami et al.,
2022).
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4.4.8 Blood biomarker matrix metalloproteinase 7 (MMP-7)

MMP-7 is a blood biomarker that has often been described as being increased in
patients with IPF. In this study, the MMP-7 levels pre and post the PRP showed a
trend for a decrease in the MMP-7 levels or for the MMP-7 levels to remain the same
rather than increasing. Out of the nine participants, there was a decrease in MMP-7
levels for six of them, an increase for two of them, and no change for one (see Table
18).

In a recent systematic review and data meta-analysis of MMP-7 in patients with IPF,
12 studies reported MMP-7, and in 9 of them individual participants’ data were
obtained from 1664 participants and 11 different cohorts were analysed. The meta-
analysis revealed that MMP-7 was associated with a 23% increased risk of mortality
with moderate certainty in patients with IPF. MMP-7 was also associated with disease
progression and change in FVC with high certainty. Interestingly, short term change in
MMP-7 over a three-month period was not associated with mortality or disease
progression in IPF (Khan et al., 2022).

Maher et al. conducted a two-stage discovery analysis using the PROFILE study
cohort and showed that MMP-7 in patients with IPF was increased compared to that
in healthy matched controls and could predict disease outcome (Maher et al., 2017).
In another multicentre prospective 52-week study, MMP-7 was identified along with
other biomarkers as being increased in patients with IPF when compared to healthy
matched controls (Raghu et al., 2018b)

Bauer et al. evaluated serum samples from the BUILD-3 randomized clinical trial that
evaluated the use of Bosentan in IPF (King et al., 2011). The researchers evaluated
serum samples from 342 patients with IPF and attempted to evaluate the prognostic
ability of four IPF biomarkers. MMP-7 was the only biomarker that was significantly
increased in patients with IPF at all stages, baselines, after four months, and at end of
the study when compared to healthy control samples. The following are the serum
MMP-7 mean concentrations and p-values of patients with IPF compared to health
control samples (1.25 ng/mL): IPF baseline (2.25 ng/ml, p < 0.0001), IPF at four
months (1.97 ng/ml, p <0.01), and IPF at the end of the study (2.64 ng/ml, p < 0.0001)
(Bauer et al., 2017). Hamai et al. identified 5.56 ng/ml MMP-7 serum level as a cut-off
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value with a discriminating capability to differentiate patients with IPF from healthy

controls (Hamai et al., 2016).

4.5 Limitations

This study had a few limitations. The low number of participants in this study might
affect the generalizability of the results, although they are in accordance with the
results obtained by other studies in extant literature. The long-term maintenance of the
outcomes of a PRP with or without inspiratory muscle training in patients with ILD were
not evaluated. The effect of PR and IMT on the survival of patients with ILD was not
evaluated in this study but could be considered for future research. In addition, well-
designed randomised controlled trials are essential for identifying the optimal exercise

programme and determining how to maximise long-term benefits.

4.6 Conclusion

This study was a feasibility randomised controlled trial that added important
information regarding the use of IMT in conjunction with pulmonary rehabilitation in
patients with ILD. With limited data on patients with ILD and no data on patients with
CPFE, this study demonstrated the feasibility of incorporating IMT into a pulmonary
rehabilitation programme for these patient categories. This study had good attendance
and completion rates and no adverse events were reported during exercise training.
A PRP with or without IMT in patients with ILD could probably improve maximal
inspiratory pressure and functional exercise capacity immediately after the PRP. No
change in health related quality of life, fatigue, anxiety and depression, PFT, and
strength of major body muscles was seen. This could be attributed to the low number
of participants.

Even in a group that included individuals with CPFE, the PRP was safe for ILD patients
to implement. Concerns have been raised by the clinical staff at the RVI regarding the
capacity of patients with CPFE to participate in and complete pulmonary rehabilitation.
This study demonstrated the possibility of pulmonary rehabilitation for patients with

CPFE with no adverse events reported during this study.

As a result of these findings, the pulmonary consultants and physical therapy
department at the RVI are committed to offering a pulmonary rehabilitation programme

tailored to patients with ILD. Previously, patients with ILD participated in pulmonary
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rehabilitation programmes alongside patients with other lung conditions, such as
COPD.

Future research should evaluate the long-term benefits and effects on survival of IMT
combined with pulmonary rehabilitation in ILD patients. Since the optimal exercise
programme for ILD patients is still unknown, future research is required to evaluate
this. In order to recruit large number of participants from this group of patients with a

rare disease, multi-centre randomised controlled trial studies are required.
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Chapter 5: Physical Activity and Sarcopenia in Patients with ILD

Undergoing Pulmonary Rehabilitation

5.1 Introduction

5.1.1 Physical activity

Patients with ILDs present with worsening dyspnoea and physical activity (PA). In
routine clinical examinations, these patients are assessed through clinical measures
such as pulmonary function tests, the six-minute walk test, high resolution computed
tomography, and, sometimes, serum ILD biomarkers. The relationship between these
clinical parameters and PA levels in patients with ILD is still not clearly understood.

Evaluating PA levels in patients with ILD has the potential to improve the evaluation
of the disease’s progression in an individualised, patient-centred way. Therapeutic
interventions and assessment of prognosis may also be informed by assessments of
PA, which can be measured by accelerometery devices worn on the patient’s wrist,
waist, or thigh (Chen and Bassett, 2005).

In patients with COPD, PA level is a recognised, significant predictor of all-cause
mortality (Waschki et al., 2011), but only a few studies have evaluated PA in patients
with ILD (Nakayama et al., 2015, Wallaert et al., 2013, Langer et al., 2012). These
studies show that PA declines in patients with ILD compared to healthy individuals
(Wallaert et al., 2013).

5.1.2 Sarcopenia

Sarcopenia is an age-related, generalised, involuntary, progressive condition of the
skeletal muscles that leads to a loss of muscle strength and mass, increasing the risk
of adverse events, such as falls, physical impairment, fractures, and mortality (Cruz-
Jentoft et al., 2019). Sarcopenia starts as early as the fourth decade of life, and
research shows that both skeletal muscle mass and strength decrease in a linear
manner; by the eighth decade of life, up to 50% of muscle mass is lost (Metter et al.,
1997).

Since muscle mass contributes up to 60% of total body mass, pathological changes

to the skeletal muscles can have serious consequences in the older population.
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Sarcopenia can be caused by reduced activity, insufficient nutrition, increased
inflammation, and a decrease in hormone levels and the number of neuromuscular
junctions (Walston, 2012).

The effects of sarcopenia can be severe in older adults, causing adverse health
outcomes as a result of decreases in strength and function. These include disability,
loss of function, and frailty (Dufour et al., 2013, Marsh et al., 2011, Xue et al., 2011).
Sarcopenia is also linked to increased insulin resistance, falls, fatigue, acute and
chronic diseases, and mortality (Landi et al., 2012, Newman et al., 2006, Peng et al.,
2012). Rheumatologic conditions, such as rheumatoid arthritis in women, are also
associated with sarcopenia (Giles et al., 2008).

One study found that sarcopenia as diagnosed by dual-energy X-ray absorptiometry
is highly prevalent in patients with COPD (Costa et al., 2015). In these patients, the
reduction in lean muscle mass is problematic, as it reduces exercise capacity, which
can exacerbate the loss of muscle mass, resulting in a vicious circle (Costa et al.,
2015). Sheean et al., (2014), found that sarcopenia is also very prevalent in patients
with respiratory failure. In IPF, the fibrotic changes of the lungs result in a restrictive
pattern and hypoxia, which leads to an increased respiratory muscle load and
shortness of breath, which further worsens a sedentary lifestyle and eventually results

in muscle deconditioning and sarcopenia (Sheean et al., 2014).

This research adopted the European Working Group on Sarcopenia in Older People’s
(EWGSOP) definition of how to assess sarcopenia in a cohort of patients with ILD. In
2010, the EWGSOP published a document that defined sarcopenia and aimed to
promote advances in its diagnosis and treatment (Cruz-Jentoft et al., 2010). In 2018,
the working group revised the original definition to reflect the growing body of scientific
and clinical data over the previous 10 years (Cruz-Jentoft et al., 2019). The EWGSOP2
paper emphasises that clinical care practitioners have growing opportunities to
prevent, postpone, treat, and occasionally even reverse sarcopenia with effective and

early interventions.

The identified prevalence of sarcopenia in patients with COPD ranges from 15.5%
(Sepulveda-Loyola et al., 2020) to 21.6% (Benz et al., 2019). Few studies have
evaluated sarcopenia in patients with ILD or IPF, representing a gap in the literature.
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Both PA and sarcopenia are drawing interest internationally as emerging topics in
advanced cardiopulmonary rehabilitation (Advanced Cardiopulmonary Rehabilitation
Workshop session, European Respiratory Society, International Congress, 4—6 Sept.
2022, Barcelona, Spain), representing an opportunity to contribute to the knowledge
of sarcopenia in patients with ILD. This chapter addresses the lack of data in the
literature by describing the assessment of PA levels and sarcopenia in patients with
ILD. The study also evaluated the effect of pulmonary rehabilitation programme with

or without IMT on outcomes in patients with ILD.
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5.2 Methods
5.2.1 Participants of study

In this chapter, physical activity and sarcopenia outcomes of the same 14 participants
recruited in Chapter 4 were evaluated. Physical activity and sarcopenia data were
measured at baseline (pre-measurement) and after eight weeks of the pulmonary

rehabilitation programme (post-measurement).

5.2.2 Physical activity

All the participants wore an accelerometer (GENEActiv Actiwatch; GENEActiv, UK)
(see Figure 40) on their left wrist 24 hours daily for seven consecutive days. We asked
the participants to wear it while sleeping, as the accelerometer records sleep activity,
and, because it is waterproof, they could wear it while showering or swimming. The
activity data were analysed using the GENEActiv R Markdown package, which
provides an activity report including daily steps, time spent in sleep, sedentary time,

light activity duration, moderate activity duration, and vigorous activity duration.

Figure 40 The GENEActiv Actiwatch
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5.2.3 Sarcopenia

The EWGSOP2 have published a practical algorithm for identifying, diagnosing, and
determining the severity of sarcopenia cases (Cruz-Jentoft et al., 2019). It
recommends using the Find-Assess-Confirm-Severity (F-A-C-S) pathway in clinical
practice and research settings. The EWGSOP2 focuses on muscle weakness rather

than muscle mass as a determinant of sarcopenia in three stages:

1. Probable sarcopenia. Characterised by low muscle strength only; handgrip
strength: <27 kg in males; <16 kg in females

2. Confirmed sarcopenia. Both low muscle strength and low muscle quantity;
appendicular skeletal muscle mass (ASM) divided by square of height
ASM/height?: <7.0 kg/m? in males; <5.5 kg/m? in females

3. Severe sarcopenia. The prior criteria plus poor physical performance; gait

speed: <0.8 m/sec

The EWGSOP2 developed these three stages for application as a testing series in
which subsequent measurements are sequentially performed only when the result of

the first measurement is positive.

5.2.3.1 Muscle strength: handgrip

Handgrip strength was measured by a handheld dynamometer (Jamar Hydraulic Hand
Dynamometer, UK) (see Figure 41) following the instruction of the NIH Toolbox
Training Manual (Gershon et al., 2013). The dynamometer was set on the second
notch. The patients were instructed to sit in a chair with their feet on the floor and their
knees at a 90° angle. The arm tested was positioned at a 90° angle next to the patient’s
body without contact by the researcher. During the test, the researcher helped to
support the dynamometer. The participants were told to squeeze its handle as strongly
as possible when instructed, four times on each hand alternatively (one practice and
three test trials on each hand). The average of three trials was recorded for analysis.
The researcher instructed the patient by saying, ‘Ready? Three, two, one, squeeze’.
After three to four seconds, the researcher said, ‘Stop’, and the dynamometer was
reset to zero after each test trial. The EWGSOP2 identify a cutoff point for grip strength
of <27 kg in males and <16kg in females.
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Figure 41 The Jamar Hydraulic Hand Dynamometer

5.2.3.2 Muscle quantity: Bioelectrical impedance analysis

Bioelectrical impedance analysis (BIA) to assess muscle quantity was conducted
using the Tanita MC780 body composition analyser (Tanita Corp., Japan) (see Figure
42). BIA assesses the volume of lean body mass and fat. The participants were asked
to remove their shoes, socks, and any items they were carrying (keys, money, wallets,
etc.) and to take off outer garments so as to wear a single layer of clothing. A preset
tare value of 1 kg was entered if the subject was lightly dressed and 2 kg if heavily
dressed. The participants were told to step on the scale barefoot when 'Step on’
appeared on the screen. They were instructed to keep their knees straight and to look
forward with their head up, inner thighs not touching, and arms hanging but not
touching their sides. The participant’s ID, sex, age, and height in cm were recorded by
the researcher. When the device flashed, the participants were told to hold the grips
on both hands and maintain their position. When the device displayed ‘Grip off’, the
participants were instructed to return the grips. The data were automatically saved to
a memory card. The EWGSOP2 identify an ASM/height? cutoff point of <7.0 kg/m? for

males and <5.5 kg/m? for females.
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Figure 42 The Tanita MC780 body composition analyser

5.2.3.3 Physical performance: four-metre gait speed

Four-metre gait speed provides an informative assessment in frailty studies. The
present research followed the NIH Toolbox Training Manual (Gershon et al., 2013) in
measuring four-metre gait speed. A five-metre path was measured and marked by a
cone at the start point and another cone five metres from the start point. If the
participants felt the need to use a cane or walking assistance device during the test,
they were allowed to do so, and the researcher made a note of it. The participants
were told to walk normally at their usual speed ‘as if they were walking on the street
to get to a shop’. They were instructed to start walking from the first cone and continue
past the other cone before stopping. The researcher began timing the participants
when their first foot crossed the starting line and then walked behind and to the side
of the participant. Timing was stopped when one of the participant’'s feet had
completely crossed the finish line (at four metres, not at the five-metre cone). The
participants performed one practice and two test trials, and the average of the test
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trials was used for analysis. The EWGSOP2 have defined a cutoff speed of <0.8 m/sec

to indicate severe sarcopenia.

5.2.4 Statistical analysis

The analysis for descriptive exploratory statistics was done with the GraphPad Prism
9 (GraphPad Software, Inc.). Means, medians, standard deviations, and interquartile
ranges were used to describe the continuous variables. Absolute values and
frequencies (%) were used to describe the categorical variables. As this was a
feasibility pilot study of a randomised controlled trial, no statistical analysis of
hypothesis was conducted. A quote from Leon et al. supports this "A pilot study is not
a hypothesis testing study. Therefore, no inferential statistical tests should be
proposed in a pilot study protocol. With no inferential statistical tests, a pilot study will

not provide p-value" (Leon et al., 2011).
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5.3 Results

5.3.1 Characteristics of participants

Physical activity and Sarcopenia outcomes of the same 14 participants recruited in
chapter 4 were evaluated in this chapter. For characteristics of participants (see Table
11) and (see Table 12). Pre-measurements were taken at the baseline, and post-
measurements were taken after attending eight weeks of pulmonary rehabilitation

programme.

5.3.2 Physical activity
5.3.2.1 Steps count

This study collected the average daily steps count for one week using the GENEActiv
watch (see Figure 43). The intervention group had two participants, and the average
daily steps count increased in one participant and decreased in the other after a
pulmonary rehabilitation programme + IMT. Data were available for five participants in
the control group, with one showing an increase in average daily steps count and four
showing a decrease after the pulmonary rehabilitation programme. The control group
had a median daily steps count of 4,870 steps before the pulmonary rehabilitation
programme, which fell slightly or did not change among the participants, yielding a

median of 4,665 steps after the pulmonary rehabilitation programme.
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Figure 43 Change in daily steps count.

The data are individual values. The black dotted lines represent pre and post median values. Graph A:
intervention group pre and post data. Graph B: control group pre and post data. Steps count are the
average daily steps of each individual. The horizontal dashed line represents the cutoff point of 3,473
steps/day reported for patients with ILD.
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5.3.2.2 Sedentary time

The time spent in sedentary activity per week was collected from the GENEActiv watch
(see Figure 44). The intervention group had two participants, one showing an increase
in sedentary time and the other a decrease after the pulmonary rehabilitation
programme + IMT. Data from five participants were available for the control group.
Two participants decreased their sedentary time, while the other three increased it
after the pulmonary rehabilitation programme. The control group had a median
sedentary time/week of 4,956 minutes before the pulmonary rehabilitation programme,

which increased to a median of 5,352 minutes after the pulmonary rehabilitation

programme.
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Figure 44 Change in sedentary time per week in minutes.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.2.3 Light activity time

The GENEActiv watch provided the time spent in light activity per week (see Figure
45). The data of two participants were available from the intervention group, both of
whom showed a decrease in light activity time after the pulmonary rehabilitation
programme + IMT. The control group provided the data of five participants, one of
whom showed an increase, while the other four showed a decrease in light activity
time/week after the pulmonary rehabilitation programme. The control group had a
median of 1,868 minutes before the pulmonary rehabilitation programme, which

decreased to 1,174 minutes of light activity/week after the programme.
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Figure 45 Change in light activity time per week in minutes.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.2.4 Moderate and vigorous activity time

The time spent in moderate and vigorous activity (MVA) per week was collected
through the GENEActiv device (see Figure 46). The data of two participants were
available from the intervention group, and both showed a decrease in MVA after the
pulmonary rehabilitation + IMT. The data of five participants were available from the
control group; two participants showed an increase, two participants showed no
change or a slight decrease, and one participant decreased in MVA after the
pulmonary rehabilitation programme. The control group had a median of 255.6
minutes of MVA before the pulmonary rehabilitation programme, which fell slightly to

a median of 226.2 minutes after the programme.
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Figure 46 Change in moderate and vigorous activity time per week in minutes.

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.3 Sarcopenia parameters
5.3.3.1 Muscle strength: Handgrip

5.3.3.1.1 Right hand grip strength

Muscle strength was assessed by handgrip strength measurement using the Jamar
device (see Figure 47). None of the participants (0O of 3) in the intervention group had
low right handgrip strength as defined by EWGSOP2 before the pulmonary
rehabilitation programme + IMT, and one of three participants in the group had low
right handgrip strength after the programme + IMT. In the control group, one of six
participants had a decreased right handgrip strength prior to the pulmonary
rehabilitation programme, and one of six participants had low right handgrip strength

after the programme.
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Figure 47 Change in right hand grip strength (Kg).

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.3.1.2 Left hand grip strength

In the intervention group, none of the participants (0 of 3) had a low left handgrip
strength before the pulmonary rehabilitation programme + IMT, and none of the
participants (0 of 3) had low left handgrip strength after the programme + IMT. In the
control group, one of six participants had low left handgrip strength before the
pulmonary rehabilitation programme, while one of six participants had low left handgrip

strength after the programme (see Figure 48).
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Figure 48 Change in left hand grip strength (Kg).

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.3.2 Muscle quantity: Bioimpedance analysis
Muscle quantity was evaluated with a bioimpedance analysis device, the Tanita

MC780 (see Figure 49). Based on the EWGSOP2’s definition, none of the participants
(O of 3) in the intervention group had low muscle quantity before the pulmonary
rehabilitation programme + IMT; none of the participants (0 of 3) had low muscle
guantity after the programme + IMT. In the control group, one of six participants had
low muscle quantity before the pulmonary rehabilitation programme, and one of six

participants showed low muscle quantity after the programme.
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Figure 49 Change in muscle quantity ASM/height? (kg/m?).

Data are given as individual values. The black dotted lines represent pre and post median values. Graph
(A) Pre and post data for the intervention group. Graph (B): Pre and post data for the control group.
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5.3.3.3 Physical Performance: four-metre gait speed

Physical performance was assessed in this study by four-metre gait speed (see Figure
50). Based on the EWGSOP2’s definition, the intervention group had no participants
(O of 3) with low gait speed before the pulmonary rehabilitation programme + IMT and
likewise none (0 of 3) after the programme + IMT. The control group had one of six
participants with decreased gait speed before the pulmonary rehabilitation programme

and none (0 of 6) with decreased gait speed after the programme.
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Figure 50 Change in gait speed (m/sec).

The data represent individual values. Graph A: intervention group pre and post data. Graph B: control

group pre and post data. The horizontal dashed line represents low physical performance based on the
EWGSOP2’'s 2019 definition of Sarcopenia.
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Table 21 Descriptive statistics of PA outcome variables pre and post pulmonary rehabilitation programme.

Outcomes Intervention group Control group
n=3 n==8
Median (interquartile Pre Post Change Pre Post Change
range)

Steps count 4,516 (1,828— | 4,794 (4,466— 278 4,870 (3,236— | 4,665 (2,811- -205
5,477) 5,123) 5,456) 5,041)

Sleep time/week 3,063 (2,785- | 2,856 (2,088- =207 2,673 (2,339- | 2,976 (2,469 303
(minutes) 3,909) 3,624) 2,987) 3,891)

Sedentary time/week | 4,938 (4,758—- | 5,364 (4,596 426 4,956 (4,739- | 5,352 (4,206— 396
(minutes) 5,694) 6,132) 5,402) 5,955)

Light activity/week 904.2 (495- 1,087 (609- 183 1,868 (1,325- | 1,174 (920.1- —-694
(minutes) 1,739) 1,565) 2,130) 1,768.0)

MVA/week (minutes) | 325.2 (214.8- | 340.5(277.8- 15.3 255.6 (201.5— | 226.2 (206.4— -28.8
490.2) 403.2) 324.2) 402.6)

The data are presented as medians (interquartile range). Bolded and underlined indicates positive improvement. Abbreviations: MVA, moderate and vigorous

activity time.
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Table 22 Descriptive statistics of sarcopenia outcome variables pre and post pulmonary rehabilitation programme.

speed (m/sec)

Outcomes Intervention group Control group
n=5 n=9
Median Pre Post Change Pre Post Change
(interquartile
range)
Grip strength 31 (22.5-38.4) 36 (26-42) 5 23 (19.5-29.0) | 26.5(24.0-34.3) 35
(right hand) (kg)
Grip strength 35 (24-39) 36 (26.7-36.0) 1 22 (19.5-31.5) 23 (21.3-33.5) 1
(left hand) (kg)
ASM/height? 7.3 (6.6-8.9) 8.2 (7.3-8.9) 0.9 7 (6.7-7.7) 7.1 (6.6-7.9) 0.1
(kg/m?)
Four-metre gait 0.97 (0.89-1.00) | 0.99 (0.88-1.06) 0.02 0.97 (0.62-1.07) | 0.98 (0.83-1.15) 0.01

Sarcopenia

1 of 5 (20%)
participants with
probable

sarcopenia

1 of 3 (33.3%)
participants with
probable
sarcopenia

2 of 9 (22.2%)
participants with
either sarcopenia
or probable

sarcopenia

1 of 6 (16.7%)
participants with

sarcopenia

The data are presented as medians (interquartile range). Bolded and underlined indicates positive improvement. Abbreviations: ASM/height?, appendicular

skeletal muscle mass divided by the square height
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Table 23 Change post pulmonary rehabilitation programme of PA data in all participants of the study.

Diagnosis | Steps count | MVA/week | Sedentary time Light activity
MCID of 26 minutes/week minutes/week
minutes
101 CPFE +407 -13.8 —726 -877.8
102 CPFE +607 -87 -1,098 -118.8
103 CPFE -2,016.14 -81 —750 -623.0
104 CPFE Dropout Dropout Dropout Dropout
105 CPFE Dropout Dropout Dropout Dropout
106 CPFE Dropout Dropout Dropout Dropout
107 CPFE Dropout Dropout Dropout Dropout
108 CPFE Dropout Dropout Dropout Dropout
109 CPFE -1,011 —47.4 +1,194 -174.0
110 HP —1433.57 28.2 +1,164 +841.8
111 HP -1,656 -11.4 +1,086 -1,311.6
112 IPF Missing data | Missing data Missing data Missing data
113 CTD-ILD Missing data | Missing data Missing data Missing data
114 IPF —-467.72 240 414 —-564.6

Abbreviations: CPFE, combined pulmonary fibrosis and emphysema; HP, hypersensitivity pneumonia;
IPF, idiopathic pulmonary fibrosis; CTD-ILD, connective tissue disease type interstitial lung diseases;
MVA, moderate and vigorous activity time; MCID, minimal clinical important difference.
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Table 24 Change post pulmonary rehabilitation programme in Sarcopenia data in all participants of the

study.
Diagnosis | Grip Grip ASM/height? | Gait Pre Post
strength | strength speed sarcopenia | sarcopenia
(Rt (Lt hand)
hand)
101 | CPFE 2.0 -1.0 0.0 0.1 Sarcopenia | Sarcopenia
102 | CPFE -5 -4.33 0.1 0.19 No Probable
sarcopenia sarcopenia
103 | CPFE 8.0 6.0 0.2 -0.16 No No
sarcopenia sarcopenia
104 | CPFE Dropout | Dropout | Dropout Dropout | No Dropout
sarcopenia
105 | CPFE Dropout | Dropout | Dropout Dropout | No Dropout
sarcopenia
106 | CPFE Dropout | Dropout | Dropout Dropout | Probable Dropout
sarcopenia
107 | CPFE Dropout | Dropout | Dropout Dropout | Probable Dropout
sarcopenia
108 | CPFE Dropout | Dropout | Dropout Dropout | No Dropout
sarcopenia
109 | CPFE 2.0 0.0 0.0 0.08 No No
sarcopenia sarcopenia
110 | HP 0.0 3.0 0.6 0.14 No No
sarcopenia sarcopenia
111 | HP 4.0 0.0 0.2 0.09 No No
sarcopenia sarcopenia
112 | IPF -10.0 -2.0 0.1 -0.14 No No
sarcopenia sarcopenia
113 | CTD-ILD -0.7 -6.0 -0.8 -0.12 No No
sarcopenia sarcopenia
114 | IPF 3.0 -1.0 0.1 0.09 No No
sarcopenia sarcopenia

Abbreviations: CPFE, combined pulmonary fibrosis and emphysema; HP, hypersensitivity pneumonia;
IPF, idiopathic pulmonary fibrosis; CTD-ILD, connective tissue disease type interstitial lung diseases;

ASM/height2, appendicular skeletal muscle mass divided by the square height.
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5.4 Discussion

5.4.1 Physical activity

This chapter described the assessment of PA in patients with ILDs using an
accelerometer device, providing rare data in this patient group. The patients well
tolerated the assessment of PA, indicating that this is a practical way of gathering

individual multifactorial data in future studies.

A baseline median average daily steps count of 4,516 was observed in the intervention
group and 4,870 in the control group. A recent study (Shingai et al., 2021) reports that
patients with ILD who walked 3,473 steps/day (the cutoff point) had a lower mortality
than patients walking more than 3,473 steps/day. All the participants in the present
study had a baseline daily steps count exceeding the 3,473 cutoff except for three
participants; one dropped out of the study, and the other two had advanced disease
based on lung function results. (see Table 21) shows published PA data of patients
with ILD or IPF. The participants in our study generally maintained their step counts,
with a trend towards a slight decrease in daily step counts after the pulmonary

rehabilitation programme with or without IMT.

The GENEActiv watch also captured information on time spent in sedentary activity.
A previous study by Atkins et al. report that a wrist-worn GENEActiv watch provides a
feasible measure of sedentary time in patients with IPF; they recorded a mean of 551.7
minutes/day spent in sedentary time (Atkins et al., 2018). Our study observed a
median sedentary time of 4,938 minutes/week (or 705 minutes/day) (see Table 21),
which is higher than that reported by Atkins et al. This may be attributable to our
participants’ having more advanced disease, with a predicted FVC and DLCO
percentage of 73.14 and 43.5%, respectively, compared to 82.7 and 51.6%,
respectively, in Atkins et al. (2018). Those authors included patients with IPF in their
study, while our study included patients with ILD. Atkins et al. also identified
6MWD as a predictor of activity in patients with IPF (Atkins et al., 2018).

A recent study by Hur et al. identified a minimal important difference (MID) of 26
minutes of moderate to vigorous physical activity (MVPA) per week using a waist-worn
activity monitor in patients with ILD (Hur et al., 2019). This MID of 26 minutes was
achieved in two participants in the control group that underwent a pulmonary

rehabilitation programme and in none of the participants in the intervention group that
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underwent a pulmonary rehabilitation programme + IMT. Thus, a meaningful
improvement in MVA was achieved by those two participants in the control group.
Three participants—two from the intervention group and one from the control group—
had a meaningful decrease in MVA (see Table 23)).

Patients with IPF have decreased levels of daily PA. Prasad et al. recently conducted
a study evaluating PA in such patients and its change over a 12-month period. They
report a mean daily steps count of 3,887, which is lower than our study’s median of
4,667 steps/day. Those authors also report an MVA of 17.4 minutes/day, which is
likewise lower than in our study (median=285 min/week or 40.7 minutes/day). The
sedentary time in their study, 1,243 minutes/day, was lower than ours (median=4,938
minutes/week or 705 minutes/day). The participants in our study exhibited a better PA
level than those in Prassad et al., which may be attributed to several causes. Those
authors included only patients with IPF in their study, while ours had patients with ILD.
Their participants had a slightly more advanced lung disease, with a predicted FVC of
69.9% compared to our study’s predicted FVC of 73.14%. They found that, over a 12-
month period, the decrease in PA was greater than the decrease in lung function,
which suggests that PA should be considered as an additional measure in assessing
disease prognosis and severity in IPF (Prasad et al., 2021). Bahmer et al. evaluated
the clinical correlates of decreased PA in patients with IPF, the participants used an
armband accelerometer for seven days. The PA parameters were steps per day
(SPD), minutes of at least moderate activity and physical activity level which was
calculated as total daily energy expenditure divided by sleep time energy expenditure.
Their results show that fatigue as measured by the Multidimensional Fatigue Inventory
(MFI-20) was a predictor of SPD. A one-point increase in MFI-20 was related to a 120
step reduction in patients with IPF, indicating that fatigue may limit routine PA in IPF.
The authors also discovered that health-related quality of life and generic quality of life
were predictors of daily PA. Lung function and exercise capacity as measured by
6MWT are also reported by Bahmer et al. as predictors of daily PA in patients with
IPF. They describe a significant association between exercise capacity and PA. Their
findings indicate that both patient-reported outcome questionnaires and clinical
functional measures were able to identify patients with IPF who had impaired daily PA
(Bahmer et al., 2016). The authors also evaluated the longitudinal change and

prognosis of PA in patients with IPF and report the novel finding that PA is a predictor
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of mortality. Furthermore, they found that PA as measured by daily steps count
decreased by almost half in patients with IPF at three-year follow-up (Bahmer et al.,
2017).

Wallaert et al. were the first to assess daily PA and its relationship to clinical
characteristics in patients with fibrotic idiopathic interstitial pneumonia (Wallaert et al.,
2013). Both they and Nakayama et al. found an association between PA and exercise
capacity (Nakayama et al., 2015, Wallaert et al., 2013). Others have shown that, in
patients with IPF, PA as measured by daily steps has a greater effect on 6MWD than

guadriceps force and physiological lung function (Morino et al., 2017).

In our study, PA data from participants with ILD undergoing a pulmonary rehabilitation
programme with or without IMT were assessed using an accelerometer. The PA
outcomes of our participants were heterogenous, with a trend towards a decrease or
maintenance of PA levels after the pulmonary rehabilitation programme (see Table
21). ILDs are a group of progressive lung diseases, which may explain the slight
decrease in PA levels; maintaining PA levels is a reasonable goal of a pulmonary

rehabilitation programme
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Table 25 Published studies evaluating PA level in patients with ILDs or IPF.

Articles Participants FVC % TLCO % Accelerometer  Daily steps MVA Sedentary
(n) count time (minutes)
Our study 11 ILD 73.1 (26.7) 43.5 (13.5) GENEActive 4,667 (3,102— 285 (211.8- 4,938 (4,758-
Actiwatch 5,477) 325.2) 5,412)
min/week min/week
(Atkins et al., 39 IPF 82.7 (17.8) 51.6 (14.4) GENEActiv - - 551.7 (403.1-
2018) Actiwatch 765.3) min/day
(Prasad et al., 54 IPF 69.9 (16.7) 46 (16.6) SenseWear 3,887 (395) 17.4 (3.1) 1,243 (17.9)
2021) Armband
(Bahmer et al., 46 IPF - -
2017) Survivors 85.1 (21.4) 48.7 (13.5) SenseWear 6,606 (3,064)
Armband
Non-survivors 64.3 (17.2) 35.9 (12.9) 3,433 (2,655)
(Bahmer et al., 48 IPF 75.4 (22.9) 43.1 (14.6) SenseWear 5,017 (3,360) 90.4 (36.3— -
2016) Armband 146.0) min/day
(Nakayama et 31 IPF 88.7 (20.5) 78.8 (21.8) Lifecorder GS 6,520 (3,340) ? -
al., 2015) uniaxial physical

activity monitor

(waist)
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(Wallaert et al., 50 FIIP 71 (21) 37 (13) SenseWear 4,157 (3,014) 149 (149) -

2013) Armband min/day
(Morino et al., 38 IPF 88.2 (19.6) 47.8 (17.0) Kenz Lifecorder 5,148.4 - -
2017) uniaxial (3,295.7)

accelerometer

(waist)

Abbreviations: ILD, interstitial lung diseases; IPF, idiopathic pulmonary fibrosis; FIIP, fibrotic idiopathic interstitial pneumonia; FVC%, forced vital capacity
percentage predicted; TLCO%, transfer factor of carbon monoxide percentage predicted; MVA, moderate and vigorous activity time.
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5.4.2 Sarcopenia

The prevalence of sarcopenia in our cohort of patients with ILD was 21.42% before
and 22.22% after the pulmonary rehabilitation programme. The global prevalence of
sarcopenia has been reported as 10% using the EWGSOP2 definition (Petermann-
Rocha et al., 2022). Hanada et al. report a 30% prevalence of sarcopenia in patients
with ILD in a Japanese cohort (Hanada et al., 2022). Fujito et al. also assessed the
prevalence of sarcopenia in a Japanese cohort of patients with IPF and report a 39.3%
prevalence (Fujita et al., 2022). Both these studies found a slightly higher prevalence
of sarcopenia than ours, but they were conducted in Japanese cohorts and used the
Asian Working Group for Sarcopenia (AWGS) 2019 definition (Chen et al., 2020).
Moreover, Faverio et al. report a prevalence of sarcopenia (22.9%) similar to that in
our study in patients with IPF from nine hospitals in northern Italy using the EWGSOP2
definition (as in this study); they also show that sarcopenia was significantly associated
with a sedentary lifestyle and advanced severity of disease (Faverio et al., 2022).
Fujita et al. also found an association between sarcopenia and patients’ reported
outcomes and physical performance as assessed by a six-minute walk test (Fujita et
al., 2022).

In our study, all sarcopenia determinant outcomes—muscle strength, muscle mass,
and physical performance—either slightly improved or were maintained after a
pulmonary rehabilitation programme with or without IMT(see Table 22). Our data show
that attending an ILD pulmonary rehabilitation programme was associated with a
slightly improved and/or maintained skeletal muscle function in patients with ILD. This
supports the value and importance of pulmonary rehabilitation for patients with ILD.
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Table 26 Published studies evaluating sarcopenia in patients with ILDs or IPF

Article Participants FVC% TLCO% Sarcopenia Prevalence of
criteria sarcopenia

Our study 14 ILD 73.14 (26.71) 43.5(13.45) EWGSOP2 21.42%
UK (n=3)
(Hanada et 78 ILD 85 (68-97) 64 (45-80) AWGS 2019 32.1%
al., 2022) Japan (n=25)
(Fujita et al., 56 IPF 80.1 (16.2) 66.4 (18.5) AWGS 2019 39.3%
2022) Japan (n=22)
(Faverio et 83 IPF 85.7 (21.3) 54.2 (18.6) EWGSOP2 22.9%
al., 2022) Italy (n=19)

Abbreviations: ILD, interstitial lung diseases; IPF, idiopathic pulmonary fibrosis; FVC%, forced vital
capacity percentage predicted; TLCO%, transfer factor of carbon monoxide percentage predicted,;
EWGSOP2, the European Working Group on Sarcopenia in Older People’s; AWGS, the Asian Working
Group for Sarcopenia.

5.5 Conclusion

In this pilot randomised controlled trial study, accelerometer data were collected from
patients with ILD participating in a pulmonary rehabilitation programme with or without
IMT. The PA outcomes of the participants were variable, with a trend towards a
maintenance or a decrease of PA levels following the pulmonary rehabilitation
program. ILD’s are a group of progressive lung diseases, which may explain the slight
decline in PA levels; an improvement or maintenance of PA levels is a reasonable goal
for this group of patients as a result of their participation in a pulmonary rehabilitation
programme. This study demonstrated the feasibility of using an accelerometer to
capture PA data from patients with ILD participating in a pulmonary rehabilitation
programme. Patients tolerated the PA assessment well, indicating that this is a
feasible method for collecting individual multifactorial data in future research.
Increasing evidence supports the use of PA level data as an additional measure for
determining the prognosis and severity of IPF. This may have implications for clinical
practise as step counts (a measure of PA level) are readily accessible to patients via
a variety of devices, including fithess monitoring watches and smartphones. Typically,

the memory capacity of these devices ranges from seven days to several months.
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Consequently, clinicians can evaluate the status of patients when they attend clinical
appointments. Prior to this study, the effect of pulmonary rehabilitation program on
sarcopenia outcomes in patients with ILD was unknown. Very few studies have been
published evaluating sarcopenia in patients with ILD or IPF (see Table 26), and none
evaluating the effect of PRP on sarcopenia in this group of patients, which makes
these preliminary data valuable. Our cohort of patients showed a trend towards
maintenance or slight improvement of their sarcopenia parameters (muscle strength,
muscle quantity, and physical performance) after the pulmonary rehabilitation
programme (see Table 22). Sarcopenia may be prevented or treated in patients with
ILD through PRP which supports the value and importance of PRP in this group of
patients. Further studies with larger sample sizes are required to test this important
guestion. This study demonstrates that it is practicable to collect sarcopenia
measurements in a range of patients with ILD, including some patients with CPFE
attending PRP. Future randomised controlled trials evaluating PRP in patients with
ILD should consider assessing sarcopenia outcomes that may be improved due to the
exercise training and nutritional guidance provided during PRP.
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Chapter 6: Feedback from Patients with ILD Attending Pulmonary

Rehabilitation Programme

6.1 Introduction

One of the aims in my PhD was to evaluate the feasibility of inspiratory muscle training
as part of a pulmonary rehabilitation programme in patients with ILD, including some
patients with CPFE. Although we have collected quantitative data evaluating this aim
as shown in chapters four and five, we have also complimented this with collected
gualitative feedback from patients using a feedback form with three open ended
guestions. The questions inquired about the positives, difficulties, and suggestions for
improving the programme as perceived by this group of patients with ILDs including
some with CPFE.

The insights gained from patients with ILD and their views of the provided pulmonary
rehabilitation programme provides key information for the health care providers who
must interact with these patients. It will assist health care providers to better
understand the patients’ expectations and needs and concerns in order to provide
better treatment. Therefore, adjusting pulmonary rehabilitation programmes for
patients with ILD according to patients needs and constrains may result in improving

adherence to pulmonary rehabilitation programmes (Arnold et al., 2006).

In this chapter we aimed to gather feedback on the pulmonary rehabilitation
programme using a simple written survey with open-ended questions in patients with
ILD, including some with CPFE.
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6.2 Methods

A feedback form regarding the ILD rehabilitation programme was given to all
participants at the end of the programme. The feedback form had the following three
open ended questions:

Question 1: As a patrticipant in the programme, what is/are the thing(s) you liked the

most?

Question 2: As a participant in the programme, what is/are the thing(s) you hated the

most?

Question 3: As a participant in the programme, what is/are the thing(s) that would like

us to change or improve?

In order to describe patients’ responses to the open-ended questions on the feedback
form, a word cloud was generated for each question using Word Cloud Plus webpage
(Wordcloudplus, 2023).
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6.3 Results

Out of the 14 participants who were enrolled into the study, 9 participants completed
the programme and were given a feedback form to be completed at the end of the
pulmonary rehabilitation programme for both control and intervention group.

6.3.1 Question 1: As a participant in the programme, what is/are the thing(s) you
liked the most?

- educatignal

ey staft
exercises

g . meetmg

enjoyed

atmosphere

Figure 51 Word cloud question 1 feedback form.

Question 1: As a participant in the programme, what is/are the thing(s) you liked the most?

The first question asked participants what are the things they liked the most(see Figure
51).

The thematic analysis of the responses to the first question regarding the things

participants liked the most identified three themes: “exercises”, “meeting others with

same disease”, and “education”.

6.3.1.1 Exercises

Patients with ILD and CPFE who participated in this study liked the exercises provided
at the pulmonary rehabilitation programme. One participant mentioned “exercise
program was excellent” Participant 114. Participants also mentioned that they liked

the staff providing instructions on exercises. One participant stated, “I like how each
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participant in group was paced differently depending on his condition and how Fran
adjusted everyone exercises based on their condition” Participant 109.

6.3.1.2 Meeting others with same disease

A lot of the participants have mentioned that they liked meeting other people with the
same condition/problem as them. The ILDs are a rare grouo of diseases, so study
participants valued the opportunity to meet others with the same condition. One
participant stated “Meeting people who have the same problems as me” Participant
111.

6.3.1.3 Education
Participants also liked learning information provided during the educational component
of the programme. Participants have also liked the friendly atmosphere. “Learning

about lung pathology plus how to deal with them” Participant 113.
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6.3.2 Question 2: As a participant in the programme, what is/are the thing(s) you

hated the most?

strength-measurement

10(0) 01>

parking

Figure 52 Word cloud of question 2 feedback form.

Question2: As a participant in the programme, what is/are the thing(s) you hated the most?

The second question of the feedback form asked participants about what they hated
in the programme(see Figure 52). The thematic analysis of the responses to the
second question regarding the things participants hated the most revealed two

themes: “None” and “facility”.

6.3.2.1 None:
Most of the responses from the participants on this question was nothing/none. There
were no recurring complaints from participants. One participant stated “Nothing really,

it was actually better than | expected” Participant 102.

6.3.2.2 Facility:

One participant mentioned that she did not like the muscle strength measurement
done using a handheld dynamometer microFET on pre and post measurement days.
Difficulty of parking was mentioned by a participant. “I did not like the things pressed
against muscles to measure your strength. Difficulty parking. Nothing else really”
Participant 110. One participant said that he did not like that was not able to push

himself more in the programme.
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6.3.3 Question 3: As a participant in the programme, what is/are the thing(s) that
would like us to change or improve?

air-condition
longer-program

‘e happy
none

machines g 00 d enjoyed

facility-update

Figure 53 Word cloud of question 3 feedback form.

Question3: As a participant in the programme, what is/are the thing(s) that would like us to change or
improve?

The third question of the feedback form was asking the participants what are the things
to change or improve in the programme (see Figure 53). Thematic analysis of the
responses to the third question regarding what are the things to change or improve in
the programme identified two themes: “nothing to change” and “facility and program

duration”.

6.3.3.1 Nothing to change:
Most of the participants replied that there is none/nothing they would change as one
participant stated “None, quite happy with everything” Participant 101.The majority of

the participant had no suggestions for a needed change to improve the programme.

6.3.3.2 Facility and program duration:

.One participant mentioned that a facility update is needed for air conditioning. During
the summertime the Gym room at the RVI where the pulmonary rehabilitation
programme was being conducted, had no air conditioning and became uncomfortable.

Another participant stated, “The only thing | would change is to make the programme
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longer, | enjoyed it that much” Also, one participant mentioned that the Easi-Breathe

inhaler had helped through the programme.
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6.4 Discussion

This chapter showed that patients with ILD including some with CPFE attending
pulmonary rehabilitation programme valued the exercises provided during the
sessions, staff supervisions, individualised programme, meeting other people with
same condition, and the educational sessions. Participants were generally satisfied
with no suggestions for change except for a longer duration programme, and facility
update including air conditioning. The feedback therefore endorsed our strategy of
combining education and functional conditioning approaches, in an holistic attempt to

help patients with ILD including some with CPFE.

Hoffman et al. have recently published a study evaluating referral to pulmonary
rehabilitation programme for patients with ILD and patient experience. They have
conducted semi-structured interviews using open-ended questions to interview
patients with ILD who were referred to pulmonary rehabilitation. Qualitative interviews
revealed that the most valued aspects of pulmonary rehabilitation were the constant
supervision and individualization of the programme, improved self confidence in
performing exercises, and the educational sessions (Hoffman et al., 2021b). In our
study patients with ILD that participated in a pulmonary rehabilitation programme liked
the exercises provided during the programme. One participant stated “I like how each
participant in group was paced differently depending on his condition and how Fran
adjusted everyone exercises based on their condition”. Hoffman et al. have reported
similar findings as participants in their study valued the individualized programmes

with supervision provided from a health care professional (Hoffman et al., 2021b).

In our study a lot of the participants mentioned that they liked meeting other people
with the same lung condition as they had. Interstitial lung diseases including CPFE are
considered rare disease, so the opportunity to meet others with the same condition
was valued by the participants in this study. Hoffman et al. have also reported similar
findings as almost all the participants in their study mentioned that the interaction with
other participants at the pulmonary rehabilitation programme motivated them to
complete the programme. Exercising alongside peers who also had similar lung
disease was noted as an additional motivator to perform the activities during the
session and enabled them to share experience of disease management and
symptoms (Hoffman et al., 2021b). Similar finding were also reported by others in
patients with COPD (de Sousa Pinto et al., 2013).
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Participants in our study also liked learning information provided during the pulmonary
rehabilitation programme educational sessions. Similarly, Hoffman et al. also reported
that participants in their study valued the educational sessions. Participants in our
study also liked the friendly atmosphere and they liked the staff providing pulmonary
rehabilitation programme. Hoffman et al. study participants also valued the supervision
provided by health care professionals. They felt safe to perform the exercise
programme due to the presence of the physiotherapist and the regular monitoring of
their oxygen saturation and heart rate (Hoffman et al., 2021b).

The second question on the feedback form inquired about the aspects of the
programme that participants did not like. Most of the participants responded with
nothing or none. Difficulty in parking was mentioned by one of the participants in this
study. This was also reported in patients with COPD undergoing pulmonary
rehabilitation, as reported by a systematic review of qualitative research (de Sousa
Pinto et al., 2013).

The third question on the feedback form asked about what are the thing that need to
be changed or improved in the programme. Participants in this study replied mostly
with nothing. There is a limitation in using written feedback forms with open-ended
guestions as sometimes participants reply with nothing to change or all good, it is
possible that well conducted interviews would provide more insights. One participant’s
statement was “The only thing | would change is to make the programme longer, |
enjoyed it that much”. There were suggestions to update the machines and have air

conditioning from one of our participants.

Although in our study we used a written survey with open-ended questions our findings
are in accordance with that reported by Hoffman et al. using semi structured interviews
of 21 patients with ILD (Hoffman et al., 2021b).
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6.5 Conclusion

Patients with ILD including some with CPFE attending our pulmonary rehabilitation
programme valued the exercise, meeting others with same lung disease, and the
educational sessions. As demonstrated in Chapter 3 of this thesis, ILD and specifically
CPFE is a rare, uncommon lung disease; therefore, the pulmonary rehabilitation
programme offered participants the chance to meet others with the same lung disease.
This was greatly appreciated by the participants because it created a sense of
community. The pulmonary rehabilitation programme provided the participants a place
to exercise with staff supervision, learn about their disease, and form connections with

others.

Although quantitative research attempts to explain the presence and strength of
associations, qualitative research tends to develop an ever-expanding explanation.
Quialitative studies in patients with ILD attending pulmonary rehabilitation programmes
might supplement quantitative findings. For future research, a semi-structured
interview for qualitative research evaluating patients with ILD and CPFE experience

of pulmonary rehabilitation programme could be considered.
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Chapter 7: General Discussion and Suggested Future Work

7.1 General Discussion

CPFE is a rare lung disease with limited published data describing its prevalence and
characteristics. At the start of this PhD, we were unaware of the prevalence of patients
with CPFE at the RVI clinic. Additionally, we were unaware of their characteristics,
strength, and capacity to perform exercises as part of a pulmonary rehabilitation
programme. The retrospective study showed that over a five-year period, the ILD MDT
meeting in the Northeast and Northwest regions of the UK diagnosed 203 patients with
CPFE out of 3,060 patients with ILD. Approximately 6.6% of ILD clinic patients are
patients with CPFE, per the data. To our knowledge this is the first data describing a
UK cohort of patients with CPFE with limited published data internationally as well.
Patients with CPFE were relatively old, male, and had a history of smoking. IPF was
the prevalent form of fibrosis in 62% of patients with CPFE. Their PFT results showed
normal or mildly impaired lung volumes and decreases lungs diffusion. The results of
the retrospective study in chapter 3 are of value for the ILD clinic at the RVI in order
to better understand the characteristics of patients with CPFE and for conducting
patient-specific resource planning for optimal CPFE management.

Our findings confirm the hypothesis that CPFE has a worse prognosis than other ILDs.
This adds to a very limited published literature, which included some contradicting
research, where researchers had found that CPFE did not have a poor prognosis. The
retrospective study data showed that patients with CPFE have poor prognosis with a
median survival time of 2.8 years for IPF subtype CPFE and 4.6 years for non-IPF
subtype CPFE. The Gap index and staging system as well as the mGAP index
demonstrated prognostic capability in patients with IPF subtype CPFE. This is a useful

finding as the GAP index has not been widely studied in CPFE to my knowledge.

The retrospective study revealed that at least half the patients with CPFE were not
referred to a pulmonary rehabilitation programme. Despite the recommendation,
patients with chronic lung disease should participate in pulmonary rehabilitation. At the
start of this PhD, the clinical staff at the RVI raised concerns about the ability of
patients with CPFE to participate and complete a pulmonary rehabilitation programme.
They had the impression that patients with CPFE are too weak to perform exercises
and have poor prognosis. This demonstrated a clear need to develop and evaluate a

pulmonary rehabilitation programme tailored to patients with ILD including those with
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CPFE. A feasibility randomised controlled trial was conducted during this PhD that
added valuable information regarding the use of IMT in conjunction with pulmonary
rehabilitation in patients with ILD. With limited data on ILD patients and no data on
CPFE patients, this study demonstrated the feasibility of incorporating IMT into a
pulmonary rehabilitation programme for these patient populations. The data of this
study showed that IMT in combination with pulmonary rehabilitation programme was
feasible in patients with ILD and those with CPFE with good attendance and
completion rates. No adverse events were observed during exercise training. This has
reassured the pulmonary consultants and physical therapists at the RVI, that patients
with CPFE are capable of participating in a pulmonary rehabilitation programme.
According to data from the retrospective study in chapter 3, at least fifty percent of
patients with CPFE were not being referred to pulmonary rehabilitation. The results of
the feasibility study will hopefully stimulate an increase in referrals so that more
patients with CPFE will be able to benefit from the pulmonary rehabilitation
programme. The feasibility randomised controlled trial have also shown that PRP with
or without IMT in patients with ILD could improve MIP and functional exercise capacity

and further larger studies are warranted.

As part of the randomised controlled trial, PA levels were collected using an
accelerometer to demonstrate the feasibility of collecting PA data from patients with
ILD undergoing pulmonary rehabilitation. A growing body of evidence supports the use
of PA levels data as an additional tool for determining the severity and prognosis of
IPF. If PA levels indicators such as (steps counter) are established as predictors of
disease prognosis in ILD, this may have important implications for clinical practice
since step counts are easily accessible to patients via variety of devices, such as
fithness monitoring watches and smartphones. These devices typically have a memory
capacity of seven days to months, enabling clinician to assess the condition of patients

during clinical appointments.

To our knowledge, this is the first study to evaluate the effect of pulmonary
rehabilitation programme on sarcopenia outcomes in patients with ILD. There was a
trend towards maintenance or slight improvement in sarcopenia in our cohort of
patients with ILD post pulmonary rehabilitation programme. These preliminary data

are of value and the first to demonstrate that pulmonary rehabilitation programmes
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might be able to prevent or treat sarcopenia in patients with ILD. However, further

research with larger sample size are needed.

We have received generally positive feedback from patients with ILD including some
with CPFE that participated in the PRP. Our patients valued the pulmonary
rehabilitation programme, it provided participants with a place to exercise under the
supervision of staff, gain knowledge about their disease, and form connections with

others with same disease condition.

7.2 Future work
In a scarce literature it was appropriate to perform investigations that were pilot in
nature with limited samples in this thesis. The results suggest that the future studies

are appropriate:

- Further work can be done on the important five-year retrospective study data
set of patients with CPFE. We aim to evaluate the prognostic value of the extent
of fibrosis in patients with CPFE as measured by an automated quantification
of CT scan images.

- Larger multi-centre studies evaluating the effect of IMT and PRP in patients
with CPFE are needed to reach conclusive results.

- It would be worth investigating the long-term maintenance of benefits and effect
on survival post IMT and PRP in patients with ILD and those with CPFE.

- Future studies could aim to investigate the best exercise regime in patients with
ILD and those with CPFE and this is yet unknown.
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Publications, Abstracts and presentations derived from this PhD

project.

Review article “Early diagnosis and treatment of idiopathic pulmonary fibrosis: a
narrative review”. Alsomali H, Palmer E, Aujayeb A, Funston W. Early Diagnosis and
Treatment of Idiopathic Pulmonary Fibrosis: A Narrative Review. Pulm Ther. 2023
Jun;9(2):177-193.

A retrospective study exploring GAP index as a predictor of mortality in patients with
combined pulmonary fibrosis and emphysema. Poster abstract presented at the
European Respiratory Society (ERS) congress in Spain 5th of September 2022.

H Alsomali. European Respiratory Journal Sep 2022, 60 (suppl 66) 2117; DOI:
10.1183/13993003.congress-2022.2117

Successful provision of a specialised interstitial lung diseases (ILD) pulmonary
rehabilitation programme during COVID-19 using recorded ILD educational videos
developed by allied health professionals. Presented as a poster at the European
Respiratory Society (ERS) congress in Spain 5th of September 2022.

H Alsomali, F Chambers, E Palmer, et al. European Respiratory Journal Sep 2022, 60
(suppl 66) 2152; DOI: 10.1183/13993003.congress-2022.2152

Improvement of inspiratory muscle and one minute sit to stand function associated
with interstitial lung diseases pulmonary rehabilitation. Accepted as a spoken
presentation at the British Thoracic Society (BTS) winter meeting 2022 23/11/2022.
Alsomali H, Chambers F, McNeillie L, et alS11 Improvement of Inspiratory Muscle and
One Minute Sit to Stand function associated with Interstitial Lung Diseases pulmonary
rehabilitationThorax 2022;77:A10-A11

A retrospective study exploring GAP index as a predictor of mortality in patients with
combined pulmonary fibrosis and emphysema presented as a poster at the British
Thoracic Society (BTS) winter meeting 2022 23/11/2022.
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Alsomali H, Funston W, Wiscombe S, et alP24 A retrospective study exploring GAP
index as a predictor of mortality in patients with combined pulmonary fibrosis and
emphysema Thorax 2022;77:A93.

| have participated in The Three Minute Thesis competition and was selected as one

of the finalists from the medical school, Newcastle University 15th June 2022.

| have given a presentation “Pulmonary rehabilitation in interstitial lung diseases” for
the medical students and doctors of the NHS on their Monday teaching session 8th
August 2022.

A retrospective study exploring GAP index as a predictor of mortality in patients with
combined pulmonary fibrosis and emphysema. Poster abstract presented at the
Institute of Cellular Medicine (ICM) Directors Day 14th September 2018.
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Appendix 2 Recorded Educational Sessions Abstract
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Introduction: Newcastle Hospitals NHS Trust established a regional specialist ILD pulmonary rehabilitation
program (PRP) in 2017. COVID-19 required an adaptation of the educaiion element for the service to
remain viable, due to social distancing requirements and staffing. Aim: To produce and qualitatively
evaluate multi-disciplinary educational videos for ILD patients atiending PRP. Methods: The exisfing
education programme was modified with input from a focus group of ILD patients. Six ILD educational
videos were recorded using video conferencing platforms. These covered ILD disease and management,
management of breathlessness, nutrition in ILD, inspiratory muscle training, paliative care, and the benefits
and maintenance of exercise. Palliative care and ILD consultants, ILD specialist nurses, respiratory
specialist physiotherapist, and a dietitian provided content. Videos were used by patients in hospital PRP
and at home. Qualitative patient feedback was collected. Results: 18 patients were able to access the
videos. Feedback was positive: “useful”, “informative”, “I regret looking at the intemet” and “I would rather
receive knowledge from clinicians | know™. Patient feedback led to modification of the initial video.
Conclusion: Recorded educational videos were successfully incorporated into an existing PRP, allowing
continuity of quality during pandemic. This allowed patients and carers access to quality information at their
own pace. Positive patient feedback was received, and clinician workload was reduced. Videos will
continue to be incorporated in a regional blended PRP model.
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Appendix 3 K-BILD Questionnaire

The King's Brief Interstitial Lung Disease Questionnaire (K-BILD)©2011

This questionnaire is designed to assess the impact of your lung disease on various aspects of your life. Please circle the response that best

applies to you for each question

. In the last 2 weeks, | have been breathless climbing stairs or walking up an incline or hill.

. Every time 2. Most times 3. Several Times 4. Some times 5. Dccasionally

. In the last 2 weeks, because of my lung condition, my chest has felt tight.

. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A litde of the time
. In the last 2 weeks have you worried about the seriousness of your lung complaint?

. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A lite of the time

1

1

2

1

3

1

4. In the last 2 weeks have you avoided deing things that make you breathless?

1. All of the time 2. Most of the time 3. A pgood bit of the time 4. Some of the time 5. A litde of the time
5. In the last 2 weeks have you felt in control of your lung condition?

1. Nene of the time 2. Hardly any of the time 3. A little of the time 4. Some of the time
6. In the last 2 weeks, has your lung complaint made you feel fed up or down in the dumps?
1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A lite of the time
1. In the last 2 weeks, | have felt the urge to breathe, also known as ‘air hunger’.

1. All of the time 2. Most of the time 3. A pgood bit of the time 4. Some of the time 5. A litde of the time
B. In the last 2 weeks, my lung condition has made me feel anxious.

1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A litde of the time
9. In the last 2 weeks, how often have you experienced ‘wheeze’ or whistling sounds from your chest?

. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A lite of the time
10. In the last 2 weeks, how much of the time have you felt your lung disease is getting worse?
1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time

11. In the last 2 weeks has your lung condition interfered with your job or other daily tasks?

1. All of the time 2. Most of the time 3. A pood bit of the time 4. Some of the time

12. In the last 2 weeks have you expected your lung complaint to get worse?

1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A litde of the time
13. In the last 2 weeks, how much has your lung condition limited you carrying things, for example, groceries?

1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A litde of the time
14. In the last 2 weeks, has your lung condition made you think more about the end of your life?

1. All of the time 2. Most of the time 3. A good bit of the time 4. Some of the time 5. A lite of the time
15. Are you financially worse off because of your lung condition?

1. A significant amount 2. A large amount 3. A considerable amount 4.4 reasonable amount 5. A small amount

o

5. A litte of the time

5. A litde of the time

. A good bit of the time

6.

Raraly

. Hardly any of the time
. Hardly any of the time

. Hardly amy of the time

Most of the time

. Hardly any of the time
. Hardly amy of the time
. Hardly any of the time
. Hardly any of the time
. Hardly any of the time
. Hardly any of the time
. Hardly amy of the time
. Hardly any of the time
. Hardly any of the time

. Hardly at all

. None of the tme

- None of the tme

. None: of the tme

. Al of the time

- None of the tme

. None: of the tme

- None of the tme

- None of the tme

- None of the tme

- None of the tme

. None: of the tme

- None of the tme

- None of the tme

- Not at all
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Appendix 4 Fatigue Severity Scale

FATIGUE SEVERITY SCALE (F55)

Diate MName

Please circle the number between | and 7 which vou feel best fits the following statements. This
refers to your usual way of life within the last week. | indicates “strongly disagree” and 7
indicates “strongly agree.”

Read and cirele a number. Strongly Disagree  — Strongly
Agpree

I. My motivation is lower when [ am 1 2 3 4 5 b 7

fatigued.

2. Exercise brings on my fatigue. 1 2 3 4 5 & 7

3. 1 am easily fatipued. 1 2 3 4 5 o 7

4, Fatigue interferes with my physical 1 2 3 4 7

functioning.

5. Fatigue causes frequent problems for L 2 3 4 5 b 7

me.

6. My fatigue prevents sustained physical 1 2 3 4 5 fi 7

functioning.

7. Fatigue interferes with carrying out 1 2 3 4 5 fi 7

certain duties and responsibilities.

8. Fatigue is among my most disabling 1 2 3 4 5 b 7

svmptoms.

9. Fatigue interferes with my work, family, | ! 2 3 4 5 fi 7

or social life.

VISUAL ANALOGUE FATIGUE SCALE (VAFS)

Please mark an X" on the number line which deseribes your global fatigue with 0 being worst
and 10 being normal.
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Appendix 5 Hospital Anxiety and Depression Scale

Hospital Anxiety and Depression Scale (HADS)

Tick the box beside the reply that |5 closest to how you have been feeling in the past week.

Don't take too long over you replies: you

r immediate is best.

D A D A
| feel tense or ‘wound up': | feel as if | am slowed down:
3 fast of the time 3 Mearly all the time
2 A lot ef the bmea 2 Vary ellen
1 From time o time, cccasionally 1 Sametimes
0 Mot at all g Med at all
| still enjoy the things | used to | get a sort of frightened feeling like
enjoy: ‘butterflies’ in the stomach:
] Uefinitely as much a Med at all
1 Mat quite s much 1 Cocasionally
2 Only a litle 2 Cuite Olten
3 Hardly al all 3 Veary Oftarn
| get a sort of frightened feeling as if
something awiul is about to | have lost interest in my appearance:
happen:
3 Vary dalinilely and quile badly J Dedinitaly
2 Yes, bul nat loo badly 2 | don't 1ake as much care as | should
1 A little, but it doasn'l warry me 1 | may nol take quite ag much cang
0 Mat at all 0 | take just as much care as ever
| can laugh and see the funny side | feel restless as | have to be on the
of things: rove:
0 As much as | always could 3 Vary much indaad
1 Mot quite s& much now 2 Cuite a led
2 Uafinitely nol so much now 1 Mol very much
3 Mat at all a Mt at all
Worrying thoughts go through my | look forward with enjoyment to
mind: things:
3 A graal deal of the time a As much as | aver did
2 A lot ef the time 1 Ralher less than | used la
1 From tirme to time, but not 1oo often 2 Definitely legs than | used Lo
0 Only occasionally 3 Hardly at all
| teel cheerful: | get sudden feslings of panic:
3 Mot at all 3 Vary ollen indaad
2 Mat often 2 Cuite aften
1 Someatimeas 1 Ml wery olten
0 Mast of the Lime: a Med at all
| can sit at ease and feel relaxed: | can enjoy a good book or radio or TV
program:
0 Defiritely 0 Often
1 Usually 1 Somelimes
2 Mat Clen 2 Mt ellen
3 Mat at all J Viary saldam

Please check you have answered all the guestions

Scoring:

Total score: Depression (D)

0-7
B-10

= Normal
= Borderline abnormal (borderline case)

11-21 = Abnormal [case)

Anxiety (A)

237

——————————————————




	The Feasibility of Pulmonary Rehabilitation in Patients with Interstitial Lung Diseases Including Patients with Combined Pulmonary Fibrosis and Emphysema
	2022
	Candidate
	Supervisors
	Abstract
	Declaration
	Acknowledgment
	Table of Content
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1: Introduction
	1.1 Interstitial Lung Diseases (ILD)
	1.1.1 Classification of interstitial lung diseases
	1.1.2 Epidemiology
	1.1.3 Diagnosis
	1.1.3.1 Clinical presentation
	1.1.3.2 Diagnosis

	1.1.4 Management

	1.2 Combined Pulmonary Fibrosis and Emphysema (CPFE)
	1.2.1 Epidemiology
	1.2.2 Aetiology
	Exposures, ageing, and genetic predisposition

	1.2.3 Diagnosis
	1.2.3.1 Clinical presentation
	1.2.3.2 Imaging in combined pulmonary fibrosis and emphysema
	1.2.3.3 Pulmonary function tests

	1.2.4 Management
	1.2.4.1 General management
	1.2.4.2 Oxygen therapy
	1.2.4.3 Treatment for fibrosis: anti-fibrotic drugs
	1.2.4.4 Treatment for emphysema
	1.2.4.5 Lung transplantation
	1.2.4.6 Pulmonary rehabilitation


	1.3 Pulmonary Rehabilitation
	1.3.1 Exercise training
	1.3.1.1 Endurance training
	1.3.1.2 Strength (resistance) training
	1.3.1.3 Flexibility and stretching training

	1.3.2 Pulmonary rehabilitation in ILD
	1.3.2.1 Exercise limitation in ILD
	1.3.2.1.1 Impairments to gas exchange and pulmonary circulation
	1.3.2.1.2 Ventilation limitation
	1.3.2.1.3 Muscle dysfunction


	1.3.3 Pulmonary rehabilitation in CPFE

	1.4 Inspiratory Muscle Training
	1.4.1 Background
	1.4.2 IMT and chronic respiratory diseases

	1.5 Summary

	Chapter 2: Early Diagnosis of Idiopathic Pulmonary Fibrosis: A Narrative Review
	2.1 Introduction
	2.1.1 What is idiopathic pulmonary fibrosis?

	2.2 Early-Stage Diagnosis in IPF
	2.2.1 Clinical presentation
	2.2.2 Pulmonary function tests
	2.2.3 High resolution computed tomography (HRCT)
	2.2.3.1 The ATS/ERS/JRS/ALAT’s 2018 clinical practice guidelines for diagnosis of IPF
	2.2.3.2 Features of the UIP pattern on HRCT
	2.2.3.3 HRCT patterns of IPF
	2.2.3.4 Early IPF based on HRCT

	2.2.4 Index systems

	2.3 Awareness among primary care physicians
	2.4 Lung Cancer Screening and Early IPF Detection
	2.5 When to Treat IPF: The Importance of Early Diagnosis

	Chapter 3: A Retrospective Cohort Study of Characteristics of Patients with Combined Pulmonary Fibrosis and Emphysema and the role of GAP staging
	3.1 Introduction
	3.1.1 Studies describing patients with CPFE
	3.1.2 GAP score
	3.1.3 Contradictory findings for CPFE prognosis in the literature

	3.2 Methodology
	3.2.1 Audit
	3.2.2 Study population
	3.2.3 Survival analysis
	3.2.4 GAP score analysis
	3.2.4.1 GAP score
	3.2.4.2 mGAP index
	3.2.4.3 dGAP score

	3.2.5 Statistical analysis

	3.3 Results
	3.3.1 Demographics
	3.3.2 Type of fibrosis in patients with CPFE
	3.3.3 Pulmonary function test results
	3.3.4 Anti-fibrotic medications
	3.3.5 Pulmonary rehabilitation referral
	3.3.6 Survival time analysis
	3.3.7 GAP score
	3.3.7.1 Gender at birth score
	3.3.7.2 Age score
	3.3.7.3 PFVC score
	3.3.7.4 PDLCO% score
	3.3.7.5 GAP stage

	3.3.8 mGAP stage
	3.3.9 Diffusion GAP stage
	3.3.10 Predictors of mortality in patients with CPFE:

	3.4 Discussion
	3.4.1 Type of fibrosis in patients with CPFE
	3.4.2 PFT results
	3.4.3 Anti-fibrotic medications
	3.4.4 Pulmonary rehabilitation referral
	3.4.5 Survival prognosis
	3.4.6 GAP score

	3.5 Limitations
	3.6 Conclusion

	Chapter 4: The Feasibility of Respiratory Muscle Training as Part of a Pulmonary Rehabilitation Programme for Patients with Interstitial Lung Diseases
	4.1 Introduction
	4.2 Methods
	4.2.1 Study design and participants
	4.2.2 Inclusion criteria
	4.2.3 Exclusion criteria
	4.2.4 Intervention
	4.2.5 Outcomes
	4.2.5.1 Primary outcomes
	4.2.5.1.1 Attendance, completion, and dropouts
	4.2.5.1.2 Side effects

	4.2.5.2 Secondary outcomes

	4.2.6 Statistical analysis

	4.3 Results
	4.3.1 Characteristics of participants
	4.3.2 Attendance
	4.3.3 Side effects
	4.3.4 Maximum inspiratory pressure (MIP)
	4.3.5 Patient-reported outcome measures
	4.3.5.1 The King’s Brief Interstitial Lung Disease Questionnaire (K-BILD)
	4.3.5.1.1 K-BILD breathlessness domain score
	4.3.5.1.2 The K-BILD psychological domain score
	4.3.5.1.3 The K-BILD chest symptoms domain score
	4.3.5.1.4 Overall K-BILD score

	4.3.5.2 Fatigue severity scale (FSS)
	4.3.5.3 The Hospital anxiety and depression scale (HADS)
	4.3.5.3.1 Hospital anxiety and depression scale—Depression
	4.3.5.3.2 Hospital anxiety and depression scale—Anxiety


	4.3.6 Minimal clinically important difference (MCID) of outcomes
	4.3.7 Pulmonary function test
	4.3.7.1 Forced vital capacity (FVC)
	4.3.7.2 The transfer capacity of the lungs for carbon monoxide (TLCO)
	4.3.7.3 TLCO Z-scores

	4.3.8 One Minute sit-to-stand test (1MSTS)
	4.3.9 Strength of major body muscles
	4.3.9.1 Strength of the right biceps
	4.3.9.2 Strength of the left biceps
	4.3.9.3 Strength of the right deltoid
	4.3.9.4 Strength of the left deltoid
	4.3.9.5 Strength of the right biceps
	4.3.9.6 Strength of the left biceps

	4.3.10 Blood biomarker matrix metalloproteinase 7 (MMP-7)

	4.4 Discussion
	4.4.1 Attendance
	4.4.2 Side effects
	4.4.3 IMT and ILD
	4.4.4 Functional exercise capacity: One minute sit-to-stand test
	4.4.5 Patient-reported outcome surveys
	4.4.6 Pulmonary function test
	4.4.7 Major body muscles strength
	4.4.8 Blood biomarker matrix metalloproteinase 7 (MMP-7)

	4.5 Limitations
	4.6 Conclusion

	Chapter 5: Physical Activity and Sarcopenia in Patients with ILD Undergoing Pulmonary Rehabilitation
	5.1 Introduction
	5.1.1 Physical activity
	5.1.2 Sarcopenia

	5.2 Methods
	5.2.1 Participants of study
	5.2.2 Physical activity
	5.2.3 Sarcopenia
	5.2.3.1 Muscle strength: handgrip
	5.2.3.2 Muscle quantity: Bioelectrical impedance analysis
	5.2.3.3 Physical performance: four-metre gait speed

	5.2.4 Statistical analysis

	5.3 Results
	5.3.1  Characteristics of participants
	5.3.2 Physical activity
	5.3.2.1 Steps count
	5.3.2.2 Sedentary time
	5.3.2.3 Light activity time
	5.3.2.4 Moderate and vigorous activity time

	5.3.3 Sarcopenia parameters
	5.3.3.1 Muscle strength: Handgrip
	5.3.3.1.1 Right hand grip strength
	5.3.3.1.2 Left hand grip strength

	5.3.3.2 Muscle quantity: Bioimpedance analysis
	5.3.3.3 Physical Performance: four-metre gait speed


	5.4 Discussion
	5.4.1 Physical activity
	5.4.2 Sarcopenia

	5.5 Conclusion

	Chapter 6: Feedback from Patients with ILD Attending Pulmonary Rehabilitation Programme
	6.1 Introduction
	6.2 Methods
	6.3 Results
	6.3.1 Question 1: As a participant in the programme, what is/are the thing(s) you liked the most?
	6.3.1.1 Exercises
	6.3.1.2 Meeting others with same disease
	6.3.1.3 Education

	6.3.2 Question 2: As a participant in the programme, what is/are the thing(s) you hated the most?
	6.3.2.1 None:
	6.3.2.2 Facility:

	6.3.3 Question 3: As a participant in the programme, what is/are the thing(s) that would like us to change or improve?
	6.3.3.1 Nothing to change:
	6.3.3.2 Facility and program duration:


	6.4 Discussion
	6.5 Conclusion

	Chapter 7: General Discussion and Suggested Future Work
	7.1 General Discussion
	7.2 Future work

	Publications, Abstracts and presentations derived from this PhD project.
	References
	Appendices
	Appendix 1 Letter of Approval
	Appendix 2 Recorded Educational Sessions Abstract
	Appendix 3 K-BILD Questionnaire
	Appendix 4 Fatigue Severity Scale
	Appendix 5 Hospital Anxiety and Depression Scale

