KEYNOTE

Pulmonary Function Tests:
A Critical Tool in the
Patient Pathway
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Spirometry
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Body Plethysmography
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Diffusing capacity carbon monoxide

Alveolar Duct Connected
to Bronchiole

Airflow (in/out)

—— Alveolar Epithelium

Alveolar Air Space

Pulmonary Surfactant

Diffusion of.CO>

Blood Flow

R p Capillary Wall

FUTURE READINESS [2025
Respiratory Diagnostics Summit

Fitalograph

https://pfwarriors.com/lung-function-test-diffusing-capacity-of-lung-dico/



"Full PFTs"
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Graham et al. (2016)
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Fractional exhaled nitric oxide (FeNO)
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Asthma diagnosis

Order of tests

BDR
delayed
or not
available
Interpretation of test results
No I l’
Is there reversible
e T Al airflow obstruction 12%
above the laboratory from baseli Is amplitude percentage Is bronchial
reference range or is s Of MOT€ el i ———>  hyperresponsiveness
No and 200 ml or more mean 20% or more? No No
FeMO level 50 ppb or BDR 2
mnore? (or 10% or more of delayed presen
predicted normal)? or not
Yes Yes available Yes Yes
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FeNO >50ppb

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl) Specificity (95% CI)
HeMer 2006 10 7 8 23 056(031,078) 0.77 (0.58, 0.90] —— -
Kowal2008 123 31 55 331  069(062,076) 091(088,094 , , . & . . . . . @&
0020406081 0020406081
FeNO >25ppb
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)

Hefler2006 18 16 0 14 1.00(0.81,1.00] 047[028,066) , _, ., ., —®  —8— .

0020406081 0020406081
BEC >360 cells/pL

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)
Bao 2021 71 101 99 421 0.42[0.34,050] 081(077,084) , ., ® . S

L) L}

0 020406081 D 020406081
FEV, BDR 2200ml and 212%

Study TP FP  FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% ClI)
Kim 2012 62 56 307 89 017[0.13,0.21] 061(053,069 @ -
Louis 2020 32 7 109 46 0.23[0.16,0.31) 0.87[0.75, 095 - -8

Simpson2024 20 0 41 48  041(0.30,05¢4  1.00(083,100 , , —#— . . . . . . -®
0020406081 0020406081

Diurnal PEF variability >20% on =23 days
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)

Thiadens1998 8 1 61 100  012(005022 099(095100 & . . . . . . . . @
0020406081 0020406081
MCTPC20 FEV, =8mg/mL
Study TP FP FN TN Sensitivity (95% CI) Specificity (95%CI) Sensitivity (95% Cl)  Specificity (95% C1)
Louls 2020 32 109 7 46  082(0.66,082)  0.30(0.23,0.38) el -
Popovic-Grie 2002 137 9 4 45 097(093,099) 083071092 , , . . . @& . . . —@
0 0204 0608 1 0 0204 05 08 1
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BTS/NICE/SIGN guidelines 2024
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When to prescribe a LAMA in asthma

Newly diagnosed asthma in people aged 12 and over

|

mmw«mmm
toboulmanmmmnw)

If highly
1 If asthma is uncontrolied, offer " tic or
there are severe
Low-dose MART ——
If asthma is exacerbations,
1 If asthma is uncontrolied, offer controlied, offer low-dose
consider MART
Moderate-dose MART “m
Iif asthma is uncontrolled, despite
good adher
el Refer people to
Check FeNO level, if available, and blood eosinophil count “ — a specialist in
oither Is raised asthma care
1 If neither Is raised

Consider a trial of either LTRA or LAMA used in addition
to moderate-dose MART for 8 1o 12 weeks unless there
are side effects. At the end of the trial:

« if asthma is controlled, continue the treatment

4

3

. Ucwwmmdunbstlm continue
the treatment and start a trial of the other medicine
(LTRA or LAMA)

« if control has not improved, stop the LTRA or LAMA
:Msunnrﬂoﬂhodmﬂvomm(LTRAa
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BTS/NICE/SIGN guidelines 2024
Papiet al. (2022)

if asthma is uncontrolied
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mAL+ atall
available on-
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®mAL- at 21 on-
OR 1.757 post-dose OR 2.107 i
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Early spirometry prevents irreversible
airway remodeling

o increased smooth
Comorbidities may cause
over-use of ICS/LABA muscle mass

Symptoms

Epithelial cells
detachment

Most
patients

Subclinical inflammation Sllbelmhenﬂ' fibrosis

may under-use ICS/LABA

Mucus hyper-secretion & goblet cell
Airway Inflammation hyperplasia
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COPD diagnosis

» FEV,/FVC <0.7 / N

20.7 <0.7

mandatory to establish I |

<0.7 =20.7
' ! !
Measure post-BD FEV,;/FVC Flow response: needs
if volume responder suspected, COPD follow-up with repeat
confirmed

e.g. low FEV; or high symptoms assessment
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Exacerbation risk in COPD

Probability of

exacerbation

within 6 months
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BODE score

0 1 2 3
FEV, (% of predicted) =65 50-64 36-49 <35
Distance walked in 6 min (m) >350  250-349 150-249 <149
MMRC dyspnea scalex: 0-1 2 3 4
Body-mass index >21 <21

* HRfordeath from any cause per one-pointincrease in BODE was
1.34 (1.26,1.42)

* HR for death from respiratory causes was 1.62 (1.48,1.77)
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Endobronchial valves

Exhalation
Valve allows air and
fluids to leave lung.

postbronchodilator
FEV,15-45% and
evidence of
hyperinflation on
body
plethysmography

Inhalation
Valve prevents air
from entering

damaged part of lung.
S >,
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Lung volume reduction

Diseased lung —__

Higher mortality if
* FEV,=20% or
* DLCO =20%

Healthy lung —_
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1. Fishman et al. (2001)
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1.

DLCO predicts post-operative pulmonary
complications

TABLE 4. Logistic regression analysis of pulmonary complications

italograph

Ferguson et al. (2009)

Parameter Odds ratio Lower CI Upper CI P value
Age 1.01 1.01 1.02  <.0001
Performance status>2 1.56 1.10 2.21 014
ASAclassIVorV 1.26 1.04 1.51 017
[Hypertensinn 1.01 0.88 1.17 84 ]
Coronary artery disease 1.11 0.93 1.34 25
Congestive heart failure 1.58 1.20 2.10 0014
Diabetes mellitus 1.18 0.98 1.41 079
Recent smoking history 1.30 1.14 1.50 0001
Preoperative chemotherapy 1.51 1.27 1.8 <.0001

and/or radiotherapy

FVC% 1.00 1.00 1.01 22
FEV,% 0.99 0.98 1.00 005
COPD 1.16 0.94 1.43 16
Drco% (10 point decrease) 1.12 1.09 1.16  <.0001
Pneumonectomy 0.92 0.71 1.20

26 FUTURE READINESS [2025
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Lung transplant

Should be listed for transplant
* FEV,<15-20%

 BODE>7

« =3 EXAC

e =21 EXACwT2RF

* Mod-severe pHTN

Titalograph

1. Weill et al. (2015)
2. https://www.mayoclinic.org/tests-procedure s/lung-transplant/about/pac-20384 754

Pulmonary
artery
attachment

Bronchial
attachment

Left atrial
attachment
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Spirometry in ILD

Pirfenidone for treating Nintedanib for treating
idiopathic pulmonary idiopathic pulmonary
fibrosis fibrosis

Technology appraisal guidance

Technology appraisal guidance
Published: 27 January 2016

Published: 6 February 2018

« the person has a forced vital capacity (FVC) between 50% and 80% of
the person has a forced vital capacity (FVC) between 50% and 80% predicted predicted

treatment is stopped if there is evidence of disease progression (an absolute « treatment is stopped if disease progresses (a confirmed decline in percent
decline of 10% or more in predicted FVC within any 12-month period). predicted FVC of 10% or more) in any 12-month period.
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FeNO in the acute setting

100 - p=0-046
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FeNO predicts biologic response
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FeNO predicts lung function decline
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FeNO and inhaled corticosteroids

Pooled Washout
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FeNO determines biologic choice

FeNO Eosinophils

Severe refractory asthma
despite optimal therapy

PBE 2300 cells/ul PBE 21000 cells/ul PBE <300 cells/pl PBE 2300 cells/p! PBE <300 cells/ul
FeNO 225ppb FeNO 225pph FeNO 225pph FeNO <25ppb FeNO <25ppb
v v v A J v
Anti-lL4ra Anti-IL5(rat) Anti-IL5(ra) . Anti-TSLP
First line _ - — —_— _

Anti-IL5(ra) Anti-TSLP |

Anti-TSLP W
Second line | _Anﬁ-TSLP | Anti-IL4ra
Anti-IL4ra | Anti-TSLP | RE READINESS | 2025
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1. Chan et al. (2022)



FeNO in COPD

Dupilumab better Placebo better

Baseline fractional exhaled nitiric oxide
<20 ppb 254 238 0.856 (0.664-1.103) -
220 ppb 188 195 0625 (0.450-0.869) -
Baseline fractional exhaled nitric oxide (FeNO)
<20 ppb 240 257 0.813 {0.604 to 1.095) —a
220 ppb 183 172 0.471 {0.328 to 0.675) —i—
FeNO level, ppb
<25 117/1.93 109/1.94 0-99 (0-69-1.43)
225 26115 33/2:49 & | 0-46 (0-22-0-98)
|
01 035 10 330

Favours tezepelumab  Favours placebo
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Case 1

Andy is a thin 35-year-old flight attendant never smoker

Exercises regularly on a treadmill at health clubs around the
world

During past 3 months, he has become short of breath, and
Nis pulse rate has become higher than usual before finishing
NiS exercise routine

His medical history, review of systems, physical exam, chest
radiographs, FBC, and ECG are all normal.

FUTURE READINESS [2025
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Case 1

Denied having allergy or asthma symptoms

Spirometry was normal

Methacholine challenge test did not show Dbronchial
Nyperresponsiveness

HRCT was also normal

DLCO 34% predicted. In patients without anaemia, this pattern
consistent with pulmonary artery hypertension
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Case 1

Echocardiogram showed right ventricular hypertrophy

He then admitted to taking diet pills containing fenfluramine for
more than a year
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Case 2

Charles is a 58-year-old retired shipyard worker with 40 pack

smoking history

Progressive dyspnoea, intermittent wheeze and dry cough

Bibasal crackles at bases, finger clu
~EV, 1.8L 55%; FVC 2.4L 60%; FEV,/
DLCO 48%

Zitalograph

obing, SPO2 93% on air

-VC 0.75
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Case 2

Body plethysmography

TLC 5.8L 98%
RV 3.0L 150%
FRC 4.4L 135%

Important  for  differentiating  true  restriction from
pseudorestriction
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Case 3

Andrea is a 65-year-old real estate agent referred by primary care
Severe airway obstruction (FEV,=1.3L) using an office spirometer

Dyspnoea began several years ago and occurs when climbing
stairs

Overweight and had history of frequent childhood respiratory
problems

Smoked since age 25 and takes no medications
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Case 3

* QObesity, yellow fingernails, frequent coughing, prolonged
expiratory time but no stridor, some wheezing, and mild ankle
oedema

* CXR shows clear lung fields but flat diaphragm

* Formal spirometry: FEV,/FVC 0.52; FEV, 35% predicted,
Improved by 12% ten minutes after administration of salbutamol
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BDR cannot distinguish between COPD and

asthma

ECRHS Il
(n=5503)
n=86
N=4429 n=b45
No airway
disease
(n=31649)

Prevalence of BDR defined as FEV, =

e 17.3% asthma
e 18.49% COPD

* 5.1% no airways disease

italograph

1. Janson et al. (2019)

GAZLEN BOLD

(n=2877) (h=28583)
n=1767 n=33 n=25453

n=758 n=1510 n=1027

v

Current COPD

asthma

(n=2833) (n=1146)

2% and 200mL
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Case 3

DLCO 96% predicted
You prescribe ICS+LABA and 5 days of prednisolone

Two weeks later, you see Bobby, a 65-year-old banker with a nearly
identical history, CXR, physical exam, and spirometry results.

However, DLCO 45%, and he did not have anemia to explain the low
DLCO

You diagnose his condition as the emphysema phenotype of COPD
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Conclusion

« Spirometry, FeNO, Body Pleth, DLCO and oscillometry all have their
unique clinical roles in the patient pathway
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