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ﬁ» s34 In What Patients Should

Screen Chest CT scan?

The National Lung Screening Trial (NLST)

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 AUGUST 4, 2011 VOL. 365 NO. 5

Reduced Lung-Cancer Mortality with Low-Dose Computed
Tomographic Screening

The National Lung Screening Trial Research Team*

53,454 patients at high risk for lung cancer.
Low dose CT vs. PACXR



In What Patients Should

aen Chest CT scan?

The National Lung Screening Trial (NLST)

There were 247 deaths from lung cancer per 100,000 person-years in the low-dose
CT group and 309 deaths per 100,000 person-years in the radiography group,
representing a relative reduction in mortality from lung cancer with low-dose CT
screening of 20.0% (95% CI, 6.8 to 26.7; P=0.004). The rate of death from any cause
was reduced in the low-dose CT group, as compared with the radiography group,
by 6.7% (95% CI, 1.2 to 13.6; P=0.02).

CONCLUSIONS

Screening with the use of low-dose CT reduces mortality from lung cancer. (Funded
by the National Cancer Institute; National Lung Screening Trial ClinicalTrials.gov
number, NCT00047385.)




In What Patients Should
We Screen Chest CT scan?

H AZXl #H1Qk (2015.9.)

 Eligible Participants

— Age : 55-74 years
— Smoking status

» At least 30 pack-years

« Continue to smoke or have quit within the previous 15 years



LAMA in asthma?

ICS + LABA




« Many asthma patients remain uncontrolled:

— At least 40% of patients experience asthma symptoms and
exacerbations despite treatment with ICS administered as
monotherapy or in combination with a LABA

1L

AJRCCM 2004; 170, 836-844
J Allergy Clin Immunol 2004;114:40-47



2017 GOLD guideline

The pivotal role of LAMA
in COPD

Group C Group D

Consider roflumilast
if FEV, < 50% pred.

and patient has Consider macrolide
LAMA + LABA LABA + ICS chronic bronchitis (in former smokers)

Further \/
exacerbation(s)

LAMA
+ LABA
+ ICS

Further
rbation(s)
4

LAMA LAMA + LABA %551 LABA + ICS

Further
exacerbation(s)

Persistent
symptoms/further
exacerbation(s)

Group A Group B

Continue, stop or
try alternative class LAMA + LABA
of bronchodilator

I

evaluate
effect

!

A bronchodilator

Persistent
symptoms

A long-acting bronchodilator
(LABA or LAMA)

Preferred treatment = ==



A proof of concept study to evaluate stepping down

i the dose of fluticasone in combination with salmeterol
and tiotropium in severe persistent asthma 4yeeks (n=1s)

Tom Fardon, Kay Haggart, Daniel K.C. Lee, Brian J. Lipworth™ 2007

Improvnmnnfc with fintraniiim in COADN natiantc with
concon

H. Magnus
F. Gerken", 5. nesten

Tiotropium improves lung function in patients with severe
uncontrolled asthma: A randomized controlled trial 24y ecks
(n=107)

Huib A. M. Kerstjens, VID, PhD,? Bernd Disse, MD, PhD,® Winfried Schroder-Babo, MD,° Theo A. Bantje, MD,¢
Martina Gahlemann, MD,® Ralf Sigmund, Dipl-Math oec,” Michael Engel, MD,? and Jan A. van Noord, MD®  Groningen,

Breda, and Heerlen, The Netherlands, and Biberach and Gelnhausen, Germany

~\ Boehringer 2011
I"ll Ingelheim



Effect of TIOT on airway

inflammation and remodeling in a
nouse mode

(a) BAL 1 Control
%107 %107 B Chronic model
87 I;' 4 Tiotropium
7
Effect of Tiotropium on airway remodeling =6 , 3
o
5] 5 £ ,i|
_ Inhibit Th2 cytokine production 2, Z,
ER =
— Inhibit airway inflammation T2 !
I
Lung section Macrophage Lymphocyte Eosinophil
(b) (c)
C"""ml' Chl'\."iilch:\k»l 0 e Control Chronic model 'J.DEEImL BAL ‘J,chgmL
B f‘ .‘:‘i& Y d. 250 2500 |
b\ i e | £ 25
oy gy f;%.d--_ 200 | 2000 |
"5 -f“'{’wﬁf&' i K o x 100
Tictropium : % Tictropium “mzf“m 150 1500
% - . o o= 100 | 1000
- % : ) 50 | 500 |
g o 30 + 10 s
¥ 0l o IL-13 TGFf1
PAS staining a-actin staining

Clinical & Experimental Allergy 2010; 40: 1266




ORIGINAL ARTICLE Primo TinA

Tiotropium in Asthma Poorly Controlled .
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,
Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Sigmund, Dipl.Math., Wolfgang Seibold, M.D., Petra Moroni-Zentgraf, M.D.,

and Eric D. Bateman, M.D.
Inclusion Criteria

- 18-75 year
- Never smoked, or ex-smoker for more than 1 year (10 PY)
- Diagnosed before 40 years, with =2 5 year history of asthma
- Poorly controlled asthma
- Despite stable high-dose ICS (budesonide = 800 pg or equivalent) + LABA
- Symtomatic :mean ACQ-7 score 2 1.5
- Postbronchodialtor FEV,; < 80% predicted & FVC < 70% predicted
- At least one exacerbation in previous year

€ /7 Boehringer
A ll Ingelheim

Exclusion Criteria

-Dx of COPD, serious coexisting illness, concurrent use of anticholinergics

N Eng J Med 2012; 356(13):1198-207



Daily doses of ICS

Budesonide = 800 pug or equivalent

.Adults and adolescents (12 years and older)

Drug Daily dose (mcqg)
Low Medium High

Beclometasone dipropionate (CFC)* 200-500 >500-1000 >1000
Beclometasone dipropionate (HFA) 100-200 >200-400 >400

| Budesonide (DPI) 200-400 >400-800 >800 4
Ciclesonide (HFA) 80-160 >160-320 >320
Fluticasone furoate (DPI) 100 n.a. 200 @
Fluticasone propionate(DPI) 100-250 >250-500 > Q§
Fluticasone propionate (HFA) 100-250 >250-500 Qﬂ'
Mometasone furoate 110-220 >220-440 GMO
Triamcinolone acetonide 400-1000 >2000

>1 000—2000/




ACQ-7 score
] (2 1.5: not-fully controlled)

1. On average, during the past week. how often were you
woken by your asthma during the night?
0 Never
I Hardly ever
2 A few times
3 Several times
4
5

Many times
A great many times

6 Unable to sleep because of asthma

2. On average, during the past week, how bad were your asthma
symptoms when you woke up in the morning?
No symptoms
Very mild symptoms
Mild symptoms
Moderate symptoms
Quite severe symptoms
Severe symptoms
Very severe symptoms
3. In general, during the past week, how limited were you in
your activities because of your asthma?

0 Not limited at all

I Very slightly limited

2 Slightly limited

3 Moderately limited
4 Very limited
S
6

N o= O

Extremely limited
Totally limited

ACQ-7 score = Divide sum by 7

. In general, during the past week, how much shortness of

breath did you experience because of your asthma?

None

A very little

A little

A moderate amount
Quite a lot

A great deal

A very great deal

N W= O

you wheeze?

Not at all

Hardly any of the time

A little of the time

A moderate ampunt of the time
A lot of the time

Most of the time

All the time

N = o= O

[=)}

5. In general, during the past week, how much of the time did

6. On average, during the past week, how many puffs of short-
acting bronchodilator (e.g., Ventolin) have you used each

day?
0 None
1 1-2 puffs most days
2 3-4 pulfs most days
3 5-8 puffs most days
4 9-12 puffs most days
5 13-16 puffs most days
6 More than 16 puffs most days

7. FEV, prebronchodilator: .................
FEV,% predicted: ......cccovvvvnincennnne

FEV,% predicted: .....ccoccvvininnnnne.
(Record actual values on the
dotted lines and score the FEV,%
predicted in the next column)

NN R W= O

> 95% predicted
95-90%
89-80%
79-70%
69-60%
59-50%
< 50% predicted



ORIGINAL ARTICLE Primo TinA

Tiotropium in Asthma Poorly Controlled .
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,
Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Sigmund, Dipl.Math., Wolfgang Seibold, M.D., Petra Moroni-Zentgraf, M.D.,

and Eric D. Bateman, M.D.
Inclusion Criteria

- 18-75 year
- Never smoked, or ex-smoker for more than 1 year (10 PY)
- Diagnosed before 40 years, with =2 5 year history of asthma
- Poorly controlled asthma
- Despite stable high-dose ICS (budesonide = 800 ug or equivalent) + LABA
- Symtomatic :mean ACQ-7 score = 1.5
- Postbronchodialtor FEV,; < 80% predicted & FVC < 70% predicted
- At least one exacerbation in previous year

Exclusion Criteria

-Dx of COPD, serious coexisting illness, concurrent use of anticholinergics

N Eng J Med 2012; 356(13):1198-207



ORIGINAL ARTICLE

Tiotropium in Asthma Poorly Controlled
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,
Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Siemund Dinl Math Walfeane Seihald M D Petra Maorani-Zentoraf M D

Table 1. Baseline Characteristics of the Patients.*
All Patients

Characteristic (N=912) Trial 1 Trial 2

Tiotropium ~ Placebo  Tiotropium Placebo

(N=237) (N=222) (N=219) (N=234)

Use of maintenance oral glucocorticoids — %** 53 6.8 5.0 3.7 5.6
Use of omalizumab — % 39 2.5 45 2.7 6.0
Mean daily no. of puffs of short-acting beta-agonists| 3.2 2.8 33 34 33

N Eng J Med 2012; 356(13):1198-207



ORIGINAL ARTICLE

Tiotropium in Asthma Poorly Controlled
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,

Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Siemund Dinl Math Walfeane Seihald M D Petra Maorani-Zentoraf M D

Table 1. Baseline Characteristics of the Patients.*

All Patients
Characteristic (N=912) Trial 1 Trial 2
Tiotropium ~ Placebo  Tiotropium Placebo
(N=237) (N=222) (N=219) (N=234)
Forced expiratory volume in 1 sec
Value before bronchodilation — liters** 1.603:0.540  1596:0.546 1.558:0.537 1.659:0.569  1.598+0.506
Percent of predicted value before bronchodilation 54.8:12.4 546£122  546:122  55.1:128 55.0¢12.6
Percent of predicted value after bronchodilation 62.2£12.7 615125  627:126  62.6t125 62.3+13.0

Reversibility — ml 217:217 201£211 230+223 228+206 209+229



Study design

2 Trial, 48 week, Double-blind, Randomized, Placebo-controlled,
Parallel group (n=912)

High ICS + LABA

Placebo
[TorTrTTTTTTTTe I T I |
Visit 0 Visit 1 Visit 2 Visits 3 and 4 Visits 5-8 Visit 9 Visit 10
(screening) (randomization) (end of
treatment)
4 0 48 52
| 4-week | 48-week, double-blind | 4-week |
screening freatment period follow-up

Peak FEV, (0-3h) after 24weeks
Trough FEV, after 24 weeks
Time to first severe asthma exacerbation in pooled
analysis after 48 weeks

b(13):1198-207




A FEV, Change in Trial 1

FEV, Change from Baseline (ml)

500+
450+
400+
350
300+
250+
200
150+
100+

50+

¥k

Primary Outcome:

Tiotropium

---------- i

Placebo

86 mL

0

0.5 1.0 2.0

Hours

3.0

V. at 24 weeks

B FEV, Change in Trial 2

FEV; Change from Baseline (ml)

500+
450+
400+
350
300+
250+
200+
150+
100+
50
0

S
frdede

st "’ Tiotropium ;

154 mL

0.5 1.0 2.0 3.0

Hours

N Eng J Med 2012; 356(13):1198-207



Peak FEV,q 3y (ML)
change from baseline

500

450

400

350

300

250 -

200

150

100

50

—a—Tiotropium 5 pg

— & Placebo

* %

0
(Day 1)

16

24
Week

32 40 48

500

450

400

350

300 -

250 -

200

150

100 -

50 -

0
{Day 1)

—a—Tiotropium 5 |Jj=——

* &k x

* *kk L*t

L

&~ Placebo

* %k

32 40 48

8 16 24
Week
N Eng J Med 2012;

356(13):1198-207



Subgroup analysis
- Men

- Lower FEV; (% pred)

- Former smokers with a history of fewer than 10 pack-years

Peak FEV 4.3y (ML)
change from baseline
%]

L
(=]

0
(Day 1)

Week

40 48

500

450

400

350

300 -

250 -

200

150

100 -

50 -

%/%"% “““““ "{‘“-..

0
{Day 1)

—m—Tiotropium 5 (™ 4& Placebo

* &k x

—_— *k
* ; ok kK ko k

I R SRR

154 mL
8 16 24 32 40 48
Week

N Eng J Med 2012; 356(13):1198-207



Primary Outcome

Measure and Week

Forced expiratory volume in 1 sec
Peak at 0-3 hr (ml)

24 wkt

48 wk
Trough (ml)

24 wkt

48 wk

MNo. of
Patients

428
417

428
417

Trial 1

Difference in Change
mean (95% Cl)

86 (20 to 152)F

73 (5 to 140)%

88 (27 to 149)9
42 (=21 to 104)

MNo. of
Patients

423
403

422
402

Trial 2

Difference in Change
mean (95% Cl)

154 (91 to 217)f

152 (87 to 217)f

111 (53 to 169)f
92 (32to 151)9

N Eng J Med 2012; 356(13):1198-207



Mean ACQ score

M
[ B ' R <

-a=Tiotropium 5 pg

=& Placebo

28

27

—s-Tiotropium 5 pg =& Placebo

The MCID of ACQ-7 (0.5 unit) was not achieved.

Mean ACQO score

25
24
23
212
21
2.0
19
18

O % b 9

[Day 1)

YO R AR DD )PP
Week

N Eng J Med 2012; 356(13):1198-207



Co-primary Outcome:

e Exacerbation

Severe Exacerbation

60— NNT for severe exacerbation : 15
U
:
g 50—
2 <
OF 401 Placebo 32.8%
@ 2 -
28 30- - w 21% reduction
"R i
= L
S g 204 Tiotropium 26.9%
ns
§< 104 56 e
a >
0 I I I I I I I I I I I I |
0 25 50 75 100 125 150 175 200 225 250 275 300 325
Days
No. at Risk
Placebo 454 435 412 338 379 367 356 339 332 319 303 290 282 272
Tiotropium 453 430 409 401 389 378 363 353 348 339 331 319 308 298

N Eng J Med 2012; 356(13):1198-207



Adverse events

Tiotropium = Placebo

50.9
Vo Wa -
All Patients
Characteristic (N=912) Trial 1 Trial 2
Tiotropium Placebo Tiotropium Placebo
(N=237) (N=222) (N=219) (N=234)
Use of leukotriene modifiers — % 223 25.3 27.5 16.4 19.7
Use of antihistamines — % 14.7 20.3 16.2 14.27 8.1
2.9
0.7 18 07 0.44
Allergic rhinitis Dry mouth asthma events Insomnia

N Eng J Med 2012; 356(13):1198-207



Summary1 (PrimoTinA)

Addition of Tiotropium to high dose ICS+ LABA in patients with
- Asthma > 5 year Hx & diagnosed before 40 yrs

- Never smoker or < 10 PY, no smoking in the year

- Poorly controlled asthma

- ACQ-7 > 1.5, FEV, < 80% & FVC < 70% after BD

- At least one severe exacerbation in previous year

- Improvement in lung function
- Reduction in risk of asthma exacerbation

- Similar safety to placebo



Positioning of TIOT in asthma

Low/Medium

dose Step 5
ICStLABA
Step 4
I Step 3
Stepl 1 Step 2 Refer for
Preferred : Add-on
controller I _ treatment,
choice | Medium-/ | ¢4
| Low-dose | High-dose | Tiotropium
: Low-dose ICS ICS/LABA| ICS/LABA | Omalizumab
: Meopolizumab
|




Jiotropium is noninferior to salmeterol in maintaining

improved lung function in B16-Arg/Arg patients with asthma

Eric D. Bateman, MD,* Oliver Kornmann, MD,® Peter Schmidt, PhD,® Anna Pivovarova, DiplStat,” Michael Engel, MD *

and Leonardo M. Fabbri, MD? Cape Town, South Africa, Frankfurt and Biberach, Germany, and Modena, Ttaly "|"| Boehringer
iV Ingelheim

Patients aged 18 to 67 years with a history of asthma, with the B16-Arg/Arg genotype and
with medium-to-high dose ICS (budesonide 400-1000 pg or equivalent) £+ LABA (n=388)

Salmeterol Tiotropium is not inferior to salmeterol.

_ 15T Both of them are superior to placebo

TABLE Il. The primary analysis of efficacy

Mean weekly morning predose PEF (L/min)* Treatment differences
Placebo  Tiotropium Salmeterol Difference
(h=125) (n=128) (n=134) Comparison (SE) 95% Cl Noninferiorityi§ Superiority
End of trial 333.3(4.84) 354.0 (4.87) 354.8 (4.64) Placebo-tiotropium ~ =20.70 (6.375) —33.241 to -8.16 - 0.001
Change from baseline —24.6 (4.84) —3.9 (4.87) =3.2 (4.64] Placebo-salmeterol ~ —21.48 (6.319) -33.912 to -9.06 - 0.001

to end of tralt

Tiotropium-salmeterol  —0.78 (6.261) —13.096 to 11.53 0.002 -

T VVOORS U IUNUWSUY

Weeks of double-blind treatment
with salmeterol

Numbers of patients
Double-blind treatment period:  Placebo n=125 Tiotropium n=128 Salmeterol n=134 .
Follow-up period: Placebo n=118 Tiotropium n=121 Salmeterol n=127 J A]]ergy Clin Immunol 2011;128,315



Tiotropium or salmeterol as add-on therapy to inhaled

3 parallel-group, active-comparator, randomised trials

corticosteroids for patients with moderate symptomatic [\'[=r#4)
asthma: two replicate, double-blind, placebo-controlled, B F17V.§

Huib A M Kerstjens, Thomas B Casale, Eugene R Bleecker, Eli O Meltzer, Emilio Pizzichini, Olaf Schmidt, Michael Engel, Loek Bour,
Cynthia B Verkleij, Petra Moroni-Zentgraf, Eric D Bateman*

y e “N\ Boehringer
&7 W ngelheim

- 18-75 year

- Never smoked, or ex-smoker for more than 1 year (<10 PY)
- Diagnosed before 40 years, with =2 3-month history of asthma
- Partly controlled asthma

Despite stable medium-dose ICS (budesonide 400-800 ug or equivalent)
alone or in fixed combination with LABA

Symtomatic :mean ACQ-7 score 2 1.5
Prebronchodilator FEV, 60-90% predicted
Reversibility of 12% and 200 mL (15-30mins after salbutamol)

Exclusion Criteria

-Dx of COPD, serious coexisting illness, concurrent use of anticholinergics or beta
blockers within 4 weeks before or during screening

Lancet Respir Med 2015, 3 (5) 367



Study design

2 trials, 24 week, Double-blind, Randomized, Placebo- and
Active-controlled, Parallel group (n=2103)

Screening Medium-dose ICS Follow-u

; 1
Tiotropium Respimat 2.5ug QD + Placebo HFA-MDI BID

Tiotropium Respimat 5ug QD + Placebo HFA-MDI BID |

Salmeterol HFA-MDI 50ug BID + Placebo Respimat QD

Visit Placebo Respimat QD + Placebo HFA-MDI BID |
0 1 2 3 A 5 6 7
Week -4 ? l 8 12 24 27

Randomisation

Peak FEV, (0-3h) after 24weeks
Trough FEV, after 24 weeks
ACQ-7 responder rate after 24 weeks in pooled data

Lancet Respir Med 2015, 3 (5) 367



FEV, peak (-0-3h)

response (mL)

300

200—

100

Primary Outcome:

eak FEV, response

The active treatment were not significantly different between
each other.

—— Tiotropium 5 pg

. —@— Placebo
k-/\’i— — —t — __i ——— _—2*185ml

Independent of disease duration, age class,
smoking history, sex, pre-BD FEV, (% predicted) at
baseline, allergic status, regions of residence and
investigational centre, or BMI

éhﬁ_"*“‘?-————_ﬁ_

I

1 1 1 | | |
4 8 12 16 20 24

Week

*223ml
*196ml

Lancet Respir Med 2015, 3 (5) 367



FEV, Trough
response (mL)
o
T

Independent of disease duration, age class,

3009 | smoking history, sex, pre-BD FEV1 (% predicted) at

200

T

baseline, allergic status, regions of residence and
investigational centre, or BMI

ul
im 2-5 pg
im 5 pg

*180ml

-100

SN

*146ml

Week

Lancet Respir Med 2015, 3 (5) 367



Primary Outcome:

responder (ACQ-7 20.5) rate

Odd Ratio* 1.32 1.33 1.45 Placebo effect

95% CI 1.02,1.71 1.03, 1.72 1.13, 1.89 aceo Eltec

with increased

70 adherence of
66.5 =

65

60

Responders (%)

55

TIOT 5ug ITIOT 2.5ug ISalmeteroI I Placebo
50

Lancet Respir Med 2015, 3 (5) 367




Exacerbation

Tiotropium vs. Salmeterol

Time to first severe Time to first asthma
asthma exacerbation worsening
12 - No Significant No Significant

WY

0.8 - - (0.91-1.46)
06 -
(0.69-1.13)
04 -
02 -
O _

TIOT 5pg  TIOT 2.5ug TIOT 5pg  TIOT 2.5ug
Lancet Respir Med 2015, 3 (5) 367



Summary 2 (Mezzo TinA)

Addition of Tiotropium to medium dose ICS in patients with

- Asthma diagnosed before 40 yrs
- Never smoker or < 10 PY, no smoking in the year

- Partly controlled asthma

- ACQ-7 > 1.5, prebronchodialtor FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)

- Improvement in lung function and asthma control compared with

placebo, and similar efficacy and tolerability to salmeterol



Beeh et al. Respiratory Research 2014, 15:61
http://respiratory-research.com/content/15/1/61

RESPIRATORY
RESEARCH

RESEARCH Open Access

Tiotropium Respimat® in asthma: a double-blind,
randomised, dose-ranging study in adult patients
with moderate asthma

Kai-Michael Beeh'’, Petra Moroni-Zentgraf?, Othmar Ablinger®, Zuzana Hollaenderova®, Anna Unseld>,
Michael Engel® and Stephanie Korn®

- 18-75 year

- Never smoked, or ex-smoker for more than 1 year (<10 PY)
- Diagnosed before 40 years, with =2 3-month history of asthma
- Partly controlled asthma

- Despite stable medium-dose ICS (budesonide 400-800 ug or equivalent)
alone or in fixed combination with LABA

- Symtomatic :mean ACQ-7 score 2 1.5
- Prebronchodilator FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)

Respiratory Research 2014, 15:61



Study Design

The randomised, double-blind placebo-controlled, four-way crossover study
(n=149)

Run-in Treatment Follow-up

| » | » | »
| Ll >« |

(Crossover)

‘ Treatment period 1 |Treatment perioc}( Treatment perio% Treatment perioc>

Treatment sequence 1 MY m Placebo TIOT 25“9
Treatment sequence 2 TIOT 25”9 Placebo TIOT 125“9 : oMY
Treatment sequence 3 ‘ TIOT 125“9 TIOT 25“9 MY P|aceb0

Treatment sequence 4 Placebo Mg TIOT 25“9 TIOT 125“g

12 16 19
] ]

I I 1
5 6 7

-
|
|
|
-+
|
|
|
|
|
|
|
|
|
|
|
|
|
W -+ »
» 0

Visit O 1 2

Figure 1 Study design.
.

Medium-dose ICS

Peak FEV, (0-3h) after 4weeks
Respiratory Research 2014, 15:61




FEV, peak (-0-3h)

response (mL)

250

200

150

100

50

Results (4wks)

«— the most effective and consistent dose, with a

304mL* **

safety profile comparable with that of placebo.
(Trough FEV, and FEV; AUC g )

244mL* 255mL*

TIOT 5ug
N=143

116mL
TIOT 2.5ug TIOT 1.25ug Placebo
N=144 N=144 N=144

Respiratory Research 2014, 15:61




& PLOS | one

RESEARCH ARTICLE

Long-Term Once-Daily Tiotropium

Respimat™ Is Well Tolerated and Maintains
Efficacy over 52 Weeks in Patients with
Symptomatic Asthma in Japan: A
Randomised, Placebo-Controlled Study

Ken Ohta’*, Masakazu Ichinose?, Yuji Tohda®, Michael Engel?, Petra Moroni-Zentgraf*,
Satoko Kunimitsu®, Wataru Sakamoto®, Mitsuru Adachi’

- 18-75 year

- Never smoked, or ex-smoker for more than 1 year (<10 PY)

- symptomatic asthma, Diagnosed before 40 years, with 2 3-month history of asthma
- Partly controlled asthma

- Despite stable medium-dose ICS (budesonide 400-800 ug or equivalent)
alone or in fixed combination with LABA

- Symtomatic :mean ACQ-7 score = 1.5
- Prebronchodilator FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)



Randomized 2:2:1 Tio 5 pug vs. Tio 2.5 pg vs. placebo for 52 weeks

Overall summary of adverse events

n (%) Tiotropium Respimat 5 ug (n = 114)° __ Tiotropium Respimat 2.5 uq (n = 114)* __Placebo Respimat (n = 57)°
Any AE 101 (88.6) 99 (86.8) 51 (89.5) |
Severe AES Z(1.8) T70.9) 3 (5.9)
Drug-related AEs” 10 (8.8) 6(5.3) 3(5.3)
AEs leading to discontinuation 2(1.8) 1(0.9) 1(1.8)
Significant (pre-specified) AEs® 0 0 0
Serious AEs 4 (3.5) 4 (3.5) 9 (15.8)
Requiring hospitalisation 4(3.5) 4 (3.5) 7(12.3)
Drug-related 0 0 1(1.8)°
Fatal 0 0 0
Other 0 0 2 (3.5)

Plos One 2015, April 20



Trough FEV, response (mL)

Placebo (n=56)

24

Week

36

Plos One 2015, April 20



Positioning of TIOT in asthma

Low/Medium
dose
ICS+LABA Step 5
Step 4
I Step 3
Stepl 1 Step 2 Refer for
Preferred : Add-on
controller I _ treatment,
choice | Medium-/ | ¢
I Low-dose High-dose Tiotropium
: Low-dose ICS ICS/LABA| ICS/LABA | Omalizumab
: Meopolizumab
|




.Adults and adolescents (12 years and older)

Beclometasone dipropionate 160 pg

Drug

Beclometasone dipropionate (HFA) 100-200
Budesonide (DPI) 200400
Ciclesonide (HFA) 80-160
Fluticasone furoate (DPI) 100
Fluticasone propionate(DPI) 100-250
Fluticasone propionate (HFA) 100-250
Mometasone furoate 110-220
Triamcinolone acetonide 400-1000

Daily dose (mcqg)
Medium

>500-1000
>200—400
>400-800
>160-320
n.a.
>250-500
>250-500
>220-440

>1 000—2000/

High
>1000
>400
>800

>320 Q
200::é<2;/
&
Qo

>2000




. . . The NEW ENGLAND OURNAL MEDICINE
Tiotropium bromide as an ‘ J of

Alternative

to increased inhaled ORIGINAL ARTICLE

glucocorticoid in patients
inadequately controlled on a

Lower dose of inhaled Tiotropium Bromide Step-Up Therapy
Corticosteroid (TALC) study for Adults with Uncontrolled Asthma

Inclusion Criteria National Heart, Lung, and Blood Institute

- At least 18 years, history of BA, never smoked, or ex-smoker (<10 PY)
and FEV,; = 40% predicted (n=210)

Beclomethasone 80 ug bid

Commaon
rur-in Period 1 Washout Period 2 Washout Period 3 Washout
, (4 wk) (14 wk) (2 wk) (14 wk) (2 wk) (14 wk) (2 wk)
/ —— .y e . — — — -l el e ————— e aedlt

Tiotropium
Handihaler 18 pg Salmeterol Double-glucocorticoid

Only Beclomethasone 160 pg

Run-in period Beclomethasone 320 ug Tiotropium Salmeterol

=6/wk symptoms
>6/wk rescue Mx

Salmeterol 100 pg Double-glucocorticoid Tiotropium

22/wk night Assignntent and | 14 week, 3 period, double-blind, triple-dummy cross over
awakeni ng Randomization

FEV, <70% pred
0 2 4 g 13 18 20 24 29 34 36 40 45 50 52
Weeks

N Eng J Med 2010; 363(18):1715-26



Morning PEF
(liters fmin)

Prebronchodilator FEV,
(liters)

Primary outcome:

Mean change from baseline

P=0.26

Double-
Glucocorticoid

Tiotropium Salmeterol

0.20] | P=0.003 |
P=0.004
0.15
010 P=0.89
1
0.05 i
.02 0lo1
0.00-—-—— o S I I P
~0.05 S —
Tiotropium Double- Salmeterol
Glucocorticoid

orning PEF

Evening PEF
(litersfmin)

S0— P=0.05

304 P<0.001

P<0.001

104 -5.7 l
19.0
Od-——— o __ o o
—104
Tiotropium Double- Salmeterol
Glucocorticoid
D
P=0.78

' P—0.004

3+ 1

Asthma-Control Days
(no.f14 days)

. |
|
Oiﬁ

P=0.01

Tiotropium Double- Salmeterol
Glucocorticoid

N Eng J Med 2010; 363(18):1715-26



Original Article Grazia TinA

The Effect of Tiotropium in Symptomatic Asthma Despite
Low- to Medium-Dose Inhaled Corticosteroids:
A Randomized Controlled Trial

W
m Boehringer 4 >
- 18-75 year iV Ingelheim // /

- Never smoked, or ex-smoker for more than 1 year (<10 PY) N
- symptomatic asthma, Diagnosed before 40 years, with = 3-month history of asthma
- Partly controlled asthma

- Despite stable low dose ICS (budesonide 200-400 pg or equivalent) for > 4
weeks prior to screening

- Symtomatic :mean ACQ-7 score = 1.5
- Prebronchodilator FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)

Exclusion Criteria

-Dx of COPD, serious coexisting illness, concurrent use of anticholinergics or beta
blockers within 4 weeks before or during screening

J Allegy Clin Immunol Pract 2016 4(1): 104-13



12week, Double-blind, Randomized, Placebo-controlled, Parallel group

Screening Low dose ICS Follow-up

Tiotropium Respimat 5pg once daily

Tiotropium Respimat 2.5ug once daily

Placebo Respimat” once daily

1:1:1 randomization

Peak FEV, (0-3h) after 12weeks
J Allegy Clin Immunol Pract 2016 4(1): 104-13




Peak FI i‘b’_mﬁﬁrrc:q‘un1ﬁc (mL)

Primary Outcome:

Peak FEV . 3, response

A significant improvement in lung function in Tiotropium compared
with placebo after a 12-week treatment period

500
450
400 —
350 —
300 —
250 <
200 —
150 —
100 —

50 —

Placebo

Day 1

| T
Week 8 Week 12

J Allegy Clin Immunol Pract 2016 4(1): 104-13



Weekly mean PEF | response (L/min)

Weekly mean PEF,,, response (L/min)

Morning PEF e Tiotopium 5 ug

T —b— Tiotropium 2.5 pug

Cr Placebo

—o—
—0—
o

——
o
o
—o—
—o—
e
——
—o—H
o

Week

Evening PEF —a— Tiotropium 5 ug

—tbe— Tiotropium 2.5 ug

F Placebao

Tl

] o 1 11 12

20—
H—
0
o
b
o+
Sl
o+
—C—

Weelk

J Allegy Clin Immunol Pract 2016 4(1): 104-13



-Gender, smoking status, FEV, (% predicted)
: Male, non-smoker, FEV, (% predicted) = 80%

Active vs placebo

Treatment and parameter Adjusted* mean (SE) (mL) Adjusted* mean of difference (SE) (mL) 95% ClI P value*

FEV, % of predicted normal post-bronchodilator
Peak FEV g3y response

60% to <80%
Tiotropium 5 [g (n = 25) 288 (64) 200 (90) 21, 379 03
Tiotropium 2.5 g (n = 30) 230 (58) 142 (86) —28, 311 10
Placebo (n = 25) 88 (63)

=>80%
Tiotropium 5 g (n = 127) 269 (31) 119 (43) 34, 204 006
Tiotropium 2.5 g (n = 121) 316 (31) 166 (44) 81, 252 <.001
Placebo (n = 129) 150 (30)

Trough FEV, response

6U% to <asl'%
Tiotropium 5 g (n = 25) 213 (67) 275 (95) 86, 463 .005
Tiotropium 2.5 [lg (n = 30) 37 (61) 99 (90) 79, 278 27
Placebo (n = 25) —62 (67)

=>80%
Tiotropium 5 g (n = 127) 140 (31) 99 (43) 13, 184 .02
Tiotropium 2.5 g (n = 121) 162 (31) 121 (44) 35, 207 006
Placebo (n = 129) 42 (31)

J Allegy Clin Immunol Pract 2016 4(1): 104-13



Summary 3 (Grazia Tin A)

Addition of Tiotropium to low dose ICS in patients with

- Asthma diagnosed before 40 yrs
- Never smoker or < 10 PY, no smoking in the year

- Symptomatic and partly controlled asthma

- ACQ-7 > 1.5, prebronchodialtor FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)

Addition of tiotropium to low dose ICS with not fully controlled mild

symptomatic asthma improves in lung function.



TABLE 1 | Characteristics of Included Studies

Randomized Mean Baseline
Study Design Duration, wk Patients Age, y FEV, % Predicted | Asthma Severity Primary Outcome Comparisons of Interest
Fardon et al* R, DB, PC, CO 4 25 (29) | 54 (35-68) 51 Severe N/A ICS high dose + SAL 25 pg bid vs ICS
high dose + SAL 25 pg bid + TIO 18 pg
Peters et als R, DB, PC, CO 14 210 (67) | 42 (=18) 71.5 Moderate Maorning PEF ICS medium dose vs ICS low dose +TIO

18 pg HandiHaler OD vs ICS low dose
daily + SAL 50 pg bid

Bateman et als R, DB, PC, PG 16 388 (62) | 43 (18-67) 75 Moderate Morning PEF ICS moderate-high dose vs ICS
moderate-high dose + SAL 25 pg bid
vs ICS moderate-high dose + TIO

ReSEImat = g oD

Kerstjens et alt® R, DB, PC, CO 8 104 (58) | 55 (18-75) 58 Severe FEV, peak ICS high dose + LABA vs ICS high
dose + LABA + TIO 5 pg Respimat OD
Kerstjens et alz0 R, DB, PC, PG 48 912 (60) | 53 (18-75) 55 Severe FEV, peak ICS high dose + LABA vs ICS high
and trough dose + LABA + TIO 5 pg Respimat OD
T = o E YTy ey ey e ——

medium-high dose + TIO 5 g

Respimat OD
BI 205.420* R, DB, PC, CO 4 94 (59) | 44 (18-75) 77 Moderate FEV, AUC 0-24 h | ICS medium dose vs ICS medium
dose +TIO 5 pg Respimat OD
Vogelberg et al R, DB, PC, CO 4 105 (36) | 14 (12-17) N/A Moderate FEV, peak ICS medium dose vs ICS medium
dose +TIO 5 pg Respimat OD
Beeh et al R, DB, PC, CO 4 149 (55) | 49 (18-75) 71.3 Moderate FEV, peak ICS medium dose vs ICS medium
dose + TIO 5 pg Respimat OD
BI 205.442% R, DB, PC, PG 12 310 (61) | 42 (18-75) 77.6 Mild FEV, peak ICS low dose vs ICS low dose + TIO
5 pg Respimat OD
BI 205.4182 R, DB, PC, PG 24 1,070 (59) | 43 (18-75) 77.6 Moderate FEV, peak ICS medium dose vs ICS medium
and trough dose + TIO 5 pg Respimat OD vs ICS
medium dose + SAL 50 pg bid
BI 205.419%7 R, DB, PC, PG 24 1,030 (59) | 42 (18-75) 75.4 Moderate FEV, peak ICS medium dose vs ICS medium
and trough dose + TIO 5 pg Respimat OD vs ICS
medium dose + SAL 50 pg bid
BI 205.444:2 R, DB, PC, PG 48 398 (65) | 14 (12-17) 82.8 Moderate FEV, peak ICS medium dose vs ICS medium

dose + TIO 5 pg Respimat OD

Data are presented as No. (% female sex) or mean (range) unless otherwise indicated. AUC= area under the curve; BI = Boehringer Ingelheim; CO= crossover; ICS =inhaled corticosteroid; DB = double blind;
N/A =data not available; 0D = once daily; PC= placebo controlled; PEF = peak expiratory flow; PG = parallel group; R =randomized; SAL = salmeterol; TIO = tiotropiu . .
CHEST 2015;147 (2):388-396



Tiotropium as Add-on to ICS

-Significant improvement in PEF, peak FEV,, trough FEV,, AQLQ and ACQ-7
-Significant reduced number of patients with at least one asthma exacerbation

Conclusions: Tiotropium resulted noninferiorly to salmeterol and superiorly to placebo
in patients with moderate to severe asthma who were not adequately controlled by

ICS or ICS/salmeterol. Major benefits were concentrated in the increase in lung

function and in the case of patients with severe asthma, in the reduction of

exacerbations.

-Significant improvement in PEF, peak FEV,, trough FEV,, AQLQ and ACQ-7
-Significant reduced number of patients with at least one asthma exacerbation
with an NNTB 17



2014 GINA guideline

Diagnosis

Symptom control & risk factors
(including lung function)

\\ Inhaler technique & adherence
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2015 GINA guideline
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2016 GINA guideline

==

Diagnosis

Symptom control & risk factors
{(including lung function)

Inhaler technigue & adherence (
:

STEP 4 Other controller options
STEP 5 Preferred controller choice

# Tiotropium by soft-mist inhaler is an added-on treatment for patients with a history
of exacerbatlons it is not indicated in children < 12 years

&
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. STEP4
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=< 72 In What Patients Should I
~“¥luse TIOTROPIM in asthma?




Summary (Primo TinA)

Addition of Tiotropium to high dose ICS+ LABA in patients with

- Asthma > 5 year Hx of asthma & diagnosed before 40 yrs
- Never smoker or < 10 PY, no smoking in the year

- Symptomatic and partly controlled asthma
- ACQ-7>1.5 FEV,=80% & FVC = 70% after BD

- At least one severe exacerbation in previous year
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N B

Tiotropium add-on therapy in adolescents with
moderate asthma: A 1-year randomized controlled
trial

Eckard Hamelmann, MD,? Eric D. Bateman, MD,” Christian Vogelberg, MD,° Stanley J. Szefler, MmbD ¢
Mark Vandewalker, MD,® Petra Moroni-Zentgraf, MD, Mandy Avis, PhD,? Anna Unseld, MSc," Michael Engel, MD,f and
Attilio L. Boner, MD' Bielefeld, Dresden, Ingelheim am Rhein, and Biberach an der Riss, Germany, Cape Town, South Africa,

Aurora, Colo, Columbia, Mo, Alkmaar, The Netherlands, and Verona, Italy
Inclusion Criteria

- 12-17 year
- symptomatic asthma with = 3-month history of asthma
- Partly controlled asthma

- Despite stable medium-dose ICS (budesonide 400-800 pg or equivalent) *
LTRA

- Symtomatic :mean ACQ-7 score 2 1.5
- Prebronchodilator FEV, 60-90% predicted
- Reversibility of 12% and 200 mL (15-30mins after salbutamol)

J Allergy Clin Immunol 2016 Mar 5
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- AT >3 »

ons: Once-daily tiotropium significantly improved lung

Conclusi

at 2

function and was safe and well tolerated when added to at least
ICS maintenance therapy in adolescent patients with moderate
symptomatic asthma. Larger responses were observed with the 5-p.g
tiotropium dose. (J Allergy Clin Immunol 2016;138:441-50.)

Adjusted mean peak FEV, . response (mL)

SH) —

RIL U

200 —

104 —

Tiotropiu
m 5pg

Tiotropiu
m 2.5ug

Primary Outcome:
Peak FEV, . 3, response

weeks

Placebo

Tiotropium Respimat® Tiotropium Eespimat”
5pg QD 2.5 pg QD
(n=131) (= 120)

Placebo Respimat®
D
(n=137)
J Allergy Clin Immunol 2016 Mar 5



Asthma Phenotype

Non-
allergic
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Allergic
ashtma

Asthma

Late- with fixed

onset

airflow
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Post hoc analysis

Original Article Grazia TinA

The Effect of Tiotropium in Symptomatic Asthma Despite
Low- to Medium-Dose Inhaled Corticosteroids:
A Randomized Controlled Trial

Tiotropium or salmeterol as add-on therapy to inhaled
corticosteroids for patients with moderate symptomatic
asthma: two replicate, double-blind, placebo-controlled,
parallel-group, active-comparator, randomised trials

Huib A M Kerstjens, Thomas B Casale, Eugene R Bleecker, Eli O Meltzer, Emilio Pizzichini, Olaf Schmidt, Michael Engel, Loek Bour,

Cynthia B Verkleij, Pe
Primo TinA

ORIGINAL ARTICLE

Tiotropium in Asthma Poorly Controlled
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,
Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Sigmund, Dipl.Math., Wolfgang Seibold, M.D., Petra Moroni-Zentgraf, M.D.,
and Eric D. Bateman, M.D.



Time to first severe exacerbation

ost hoc analysis

‘ ORIGINAL ARTICLE ‘

48 week, primary outome: exacerbation

Tiotropium in Asthma Poorly Controlled
with Standard Combination Therapy

Huib A.M. Kerstjens, M.D., Michael Engel, M.D., Ronald Dahl, M.D.,
Pierluigi Paggiaro, M.D., Ekkehard Beck, M.D., Mark Vandewalker, M.D.,
Ralf Sigmund, Dipl.Math., Wolfgang Seibold, M.D., Petra Moroni-Zentgraf, M.D.,
and Eric D. Bateman, M.D.

Severe asthma exacerbation

Number of patients
Active comparator Placebo Pvalue

PrimoTinA-asthma® TioR5pg 122/453 149/454 ' 0.0343
(ICS + LABA)
MezzoTinA-asthma® TioR5pg 31/513  43/518 I = i 0.1644
(ICS) Salmeterol 34/535 L i 1 0.2149
GraziaTinA-asthma® TioR5 pg 1/155 4/155 F— > 0.2155
(ICS) I 1

0 1 2

- HR >

Favours tiotropium Favours placebo

Respimat® Respimat®



