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WELCOME AND INTRODUCTIONS 

PRE-TEST 
 
 

Michelle Cao, DO 
Stanford University School of Medicine 

Clinical Associate Professor 
Pulmonary, Critical Care, and Sleep Medicine 

Division of Neuromuscular Medicine and Division of Sleep Medicine 
 
 

Saturday, January 18, 2020 – 8:00 a.m. – 8:15 a.m. 
 
 
 

Michelle Cao, DO is a Clinical Associate Professor in the Division of 
Sleep Medicine and the Division of Neuromuscular Medicine, at the 
Stanford University School of Medicine. She is board certified in 
Pulmonary, Critical Care, and Sleep Medicine.  She completed internal 
medicine residency at Loma Linda University in California, then went on 
to complete Pulmonary and Critical Care fellowship training at Harbor-
UCLA Medical Center in Los Angeles, California.  She then completed 
Sleep Medicine fellowship training at Stanford University.  Her clinical 
expertise is in complex sleep-related respiratory disorders and home 

mechanical ventilation for chronic respiratory failure syndromes.  Dr. Cao is the Director of the 
Adult Noninvasive Ventilation Program for the Neuromuscular Medicine Program at Stanford 
Health Care.  She is actively engaged in training of house staff for Sleep Medicine fellowship 
and the Neuromuscular Medicine fellowship at Stanford University.   
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2018 World Symposium Update: 
Diagnostic 

Classification/Hemodynamic 
Definitions 

 
 

KEYNOTE SPEAKER 
 
 

Nicholas S. Hill, MD 
Tufts Medical Center in Boston 

Chief of the Division of Pulmonary, Critical Care and 
Sleep Medicine 

 
 

Saturday, January 18, 2020 – 8:15 a.m. – 9:15 a.m. 
 

 
NICHOLAS S. HILL, MD is Chief of the Division of Pulmonary, Critical 
Care and Sleep Medicine at Tufts Medical Center in Boston and 
Professor of Medicine at Tufts University School of Medicine. He 
received his M.D. from Dartmouth Medical School in 1975.  He did his 
internship and residency in Medicine at Tufts-New England Medical 
Center.  He did a fellowship in Cardiovascular Medicine at the University 
of Massachusetts Medical Center and in Pulmonary Medicine at Boston 
University School of Medicine.  He is Board Certified in Internal 
Medicine, Pulmonary Diseases, and Critical Care Medicine.   He has 
done extensive research and writing in the fields of noninvasive 

ventilation and pulmonary hypertension dating back over 35 years. He has edited several books 
related to these topics. He established the Pulmonary Hypertension Center at Tufts Medical 
Center. He is a Past President of the American Thoracic Society and has received a 
Distinguished Scholar Award in Critical Care from the Chest Foundation of the American 
College of Chest Physicians as well an Award for Excellence in Pulmonary Hypertension Care 
from the Pulmonary Hypertension Association.   

 



Treating Group 1 PAH 
 
 
 

Kristina Kudelko, MD 
Stanford University 

Clinical Associate Professor, Division of PCCM 
Director of Education, Vera Moulton Wall Center of 

Pulmonary Vascular Disease 
 
 

Saturday, January 18, 2020 – 9:15 a.m. – 10:00 a.m. 
 
 

Kristina Kudelko, MD received her medical degree from the University of 
Pennsylvania. She trained in internal medicine and pulmonary and critical 
care medicine at New York Presbyterian Hospital-Cornell before she pursued 
a second fellowship in pulmonary hypertension at Stanford University in 2008-
9. She is currently a Clinical Associate Professor in 
pulmonary and critical care medicine at Stanford and Director of Education of 
the Vera Moulton Wall Center for Pulmonary Vascular Disease. 
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Galiè et al., Eur Respir J 2019

Galiè et al., Eur Respir J 2019
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3

Galiè et al., Eur Respir J 2015

Humbert M et al., NEJM 2004

•Epoprostenol (IV) 
•Treprostinil (IV, SQ, INH, PO) 
•Iloprost (INH)
•Selexipag (PO)

•Bosentan (PO)
•Ambrisentan (PO)
•Macitentan (PO)

•Sildenafil (PO)
•Tadalafil (PO)

Soluble guanylate
cyclase

stimulator
•Riociguat (PO)

GROUP I and IV CTEPH
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Galiè et al., Eur Respir J 2019

Galiè et al., Eur Respir J 2015
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Saturday, January 18, 2020 – 10:00 a.m. – 10:25 a.m. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



GROUP 3 PULMONARY 
HYPERTENSION: DIAGNOSIS AND 

WHEN TO REFER 
 

Nicholas A. Kolaitis, MD 
UC San Francisco 

Assistant Clinical Professor of Medicine 
 
 

Saturday, January 18, 2020– 10:25 a.m. – 11:10 a.m. 
 

 
Nicholas A. Kolaitis, MD is an Assistant Clinical Professor of Medicine at 
the University of California, San Francisco. He cares for patients in the 
UCSF Lung Transplant Program and Pulmonary Hypertension Clinic. His 
research interests are in health-related quality of life and the systemic 
manifestations of lung disease. He is the chair of the CTS Career 
Development Committee and is a member of the CTS Board of Directors. 
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Group 3 Pulmonary Hypertension
Nicholas Kolaitis, MD
Assistant Clinical Professor
Division of Pulmonary, Critical Care, Allergy, and Sleep Medicine

Disclosures

 No Disclosures

 No Conflicts of Interest
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Background

 Pulmonary hypertension 

• Abnormal elevation in the pulmonary circulatory pressure

• Elevated mean PAP >20 mm Hg AND PVR ≥ 3 wood units

 Group 3 pulmonary hypertension

• Resting pulmonary hypertension in the setting of chronic lung disease, 
sleep-disordered breathing, or chronic high altitude exposure

Frost A et al. Eur Respir J 2018

Hoeper MM et al. J Am Coll Cardiol. 2013

Goals for Today

 Epidemiology and clinical relevance of Group 3 pulmonary hypertension

 Diagnosis of pulmonary hypertension in chronic lung disease

 Treatment of pulmonary hypertension in chronic lung disease

 Focus on interstitial lung disease and chronic obstructive pulmonary disease

 Will not discuss pulmonary hypertension in the setting of acute exacerbations
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Nathan SD. Et al. Eur Respir J 2018

Nathan SD. Et al. Eur Respir J 2018
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Nathan SD. Et al. Eur Respir J 2018

Nathan SD. Et al. Eur Respir J 2018
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Epidemiology and Clinical Relevance

Group 3 PH is common

Strange G et al. Heart 2012

ECHO estimates of PH (ePASP>40 mmHg) in 6.2% of the surrounding population of Arnadale, 
Western Australia

Group 1
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Group 3 PH is common

 Approximately 1–5% of all COPD patients have mPAP >35–40 mmHg at rest

• Up to 90% of patients with GOLD Stage IV COPD have mPAP >20 mmHg

 Approximately 8-15% of IPF patients have mPAP ≥25 mmHg

• 30-50% in advanced disease and >60% in end-stage disease

 Approximately 30-50% of patients with combined pulmonary fibrosis and 
emphysema have pulmonary hypertension

Nathan SD. Et al. Eur Respir J 2018

Group 3 PH is important

Chebib N et al. Pulm Circ 2018

363 patients with pulmonary hypertension at a single center
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Years since diagnosis

Group 3

Group 1

Group 4
Group 5
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Group 3 PH is important

Chebib N et al. Pulm Circ 2018

363 patients with pulmonary hypertension at a single center
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Years since diagnosis

IPF
Non-IPF ILD

OSA and High altitude

CPFE

COPD

Group 3 PH is important in COPD

Kessler R et al. Am J Respir Crit Care Med 1999

64 patients with COPD
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mPAP <18 mmHg

mPAP >18 mmHg
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Group 3 PH is important in COPD

Oswald-Mammosser et al. Chest. 1995

84 patients with COPD who underwent RHC before oxygen therapy
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al

Months since diagnosis

mPAP <25 mmHg

mPAP >25 mmHg

Group 3 PH is important in COPD

Oswald-Mammosser et al. Chest. 1995

84 patients with COPD who underwent RHC before oxygen therapy
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Group 3 PH is important in ILD

Judge EP et al. Eur Respir J 2012

55 patients with IPF awaiting lung transplant

Group 3 PH is important in ILD

Kimura M et al. Respiration 2013

101 patients with IPF
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mPAP <20 mmHg

mPAP >20 mmHg
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Group 3 PH is important in CPFE

Cottin V et al. Eur Respir J 2010

40 patients with CPFE

PVR <485 dyn-s-cm-5

PVR >485 dyn-s-cm-5Su
rv

iv
al

Months since diagnosis

Interim Summary

 Group 3 Pulmonary Hypertension is common

 Worst survival of all forms of pulmonary hypertension

 Associated with increased risk of acute exacerbations of COPD and IPF

 Associated with attenuation of survival 
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Pathogenesis of Group 3 Pulmonary 
Hypertension

Distinct Phenotype

Chaouat A. et al. Eur Respir J 2008
Raghu G. et al. Eur Respir J 2015

998 patients with COPD 488 patients with IPF

mPAP (mmHg) mPAP (mmHg)
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Andersen KH. J Heart Lung Transplant 2012

More than just end-stage COPD
409 patients with COPD

m
PA

P

pO2 (mmHg)
m

PA
P

pCO2 (mmHg)

Hamada K. Chest 2007

More than just end-stage in ILD
78 patients with IPF
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DLCO

23

24



[ADD PRESENTATION TITLE: INSERT TAB > HEADER & 
FOOTER > NOTES AND HANDOUTS]

1/12/202013

Pathogenesis is complicated

Sommer N et al. Eur Respir J 2016 Glassberg MK Am J Manag Care. 2019
Kiely DB et al. Chest 1996
Culver BH, The respiratory system 2006

Hypercapnia induced

Hypoxemic pulmonary vasoconstriction Compression of alveolar vessels

Destruction of capillary bed Increased blood viscosity

Pathogenesis is complicated

Mura M et al. Chest 2012

17 patients mPAP >40

22 patients mPAP <20

myofibroblast proliferation 
and vascular remodeling

Microarray RNA analysis of 222 genes from explanted lungs in patients with pulmonary fibrosis

mPAP 23-39

proinflammatory
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Distinct Phenotype

Nathan SD. Et al. Eur Respir J 2018

Predominant hemodynamic profile

Predominant parenchymal profile

Interim Summary

 Group 3 Pulmonary Hypertension is more than just end stage disease

 Pathogenesis is complicated

 There is a pulmonary vascular phenotype

27

28



[ADD PRESENTATION TITLE: INSERT TAB > HEADER & 
FOOTER > NOTES AND HANDOUTS]

1/12/202015

Diagnosis of Group 3 Pulmonary 
Hypertension

Nathan SD. Et al. Eur Respir J 2018

29

30



[ADD PRESENTATION TITLE: INSERT TAB > HEADER & 
FOOTER > NOTES AND HANDOUTS]

1/12/202016

ECHO for diagnosis of PH in general population
1695 patients with paired ECHO and RHC

Greiner S. J Am Heart Assoc 2014

eSPAP>36
Sensitivity 87%
Specificity 79%

Nathan SD. Respir Med 2008

ECHO for diagnosis of Group 3 PH

78 patients with IPF with paired RHC and ECHO

31
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Arcasoy SM. Am J Respir Crit Care Med 2002

ECHO for diagnosis of Group 3 PH
374 patients with paired ECHO and RHC awaiting lung transplant 

Arcasoy SM. Am J Respir Crit Care Med 2002

ECHO for diagnosis of Group 3 PH
374 patients with paired ECHO and RHC awaiting lung transplant 
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Nathan SD. Respir Med 2008

BNP for diagnosis of Group 3 PH
176 patients with various types of lung disease

Normalized BNP ratio 
i.e., measured value>age & 

sex-specific value

Furukawa T. Eur Respir J 2018

Other parameters for diagnosis of Group 3 PH
276 patients with IPF

DLCOPaO2 <80

PA/Ao >0.9
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Right Heart Catheterization

 Right heart catheterization necessary to confirm diagnosis

2018 World Symposium Statement

“RHC should be performed in patients with CLD when 
significant PH is suspected and the patient’s management 
will likely be influenced by RHC results, including 
referral for transplantation, inclusion in clinical trials or 
registries, treatment of unmasked left heart dysfunction, 
or compassionate use of therapy.”

Nathan SD. Et al. Eur Respir J 2018

Interim Summary

 ECHO overestimates presence of pulmonary hypertension in chronic lung 
disease

 Surrogate markers suggestive (BNP, DLCO, PaO2, PA/Ao)

 No substitute for RHC

 Perform when will change management

37
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Treatment of Group 3 Pulmonary 
Hypertension

Nathan SD. Et al. Eur Respir J 2018
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Non-Prostanoid IP 
Receptor Agonists

sGC Stimulators

Epoprostenol

Treprostnil

Iloprost 

Selexipag

Bosentan

Macitetan

Ambrisentan

Sildenafil

Tadalafil

Riociguat

Treatment of Group 3 Pulmonary 
Hypertension due to COPD

41
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Long Term Oxygen Therapy in COPD

Timms RM. Ann Intern Med 1985

PASP improved

SVI improved

PVR improved

203 paitents with COPD Nocturnal O2 vs Continuous O2

Treatment of COPD-PH

Nathan SD. Et al. Eur Respir J 2018
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Treatment of COPD-PH

Nathan SD. Et al. Eur Respir J 2018

Treatment of COPD-PH

Nathan SD. Et al. Eur Respir J 2018
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Treatment of COPD-PH

Chen X. et al. J Thorac Dis 2015

Treatment of COPD-PH

Chen X. et al. J Thorac Dis 2015
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Treatment of COPD-PH

Chen X. et al. J Thorac Dis 2015

Treatment of COPD-PH

2018 WSPH Statement

“Although preliminary evidence suggests that currently 
available vasoactive medications may have a benefit in 
COPD-PH patients with mPAP ≥35 mmHg, further studies 
are required before PAH therapies can be recommended”

Nathan SD. Et al. Eur Respir J 2018
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Upcoming Studies

 Inhaled prostacyclin vs placebo in COPD-PH

 Inhaled nitric oxide vs oxygen in COPD-PH

Treatment of Group 3 Pulmonary 
Hypertension due to ILD

51
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Treatment of ILD-PH

Nathan SD. Et al. Eur Respir J 2018

Nathan       229       IIP                              RCT                 RHC                                              6MWD      Increased mortality
[2019]

Non-Prostanoid IP 
Receptor Agonists

sGC Stimulators

Epoprostenol

Treprostnil

Iloprost 

Selexipag

Bosentan

Macitetan

Ambrisentan

Sildenafil

Tadalafil

Riociguat
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Treatment of ILD-PH (STEP-IPF)

Zisman DA et al. N Engl J Med 2010

 180 patients with IPF randomized to sildenafil vs placebo

 Inclusion criteria DLCO <35% predicted

 PRIMARY OUTCOME: Improvement in 6MWD of 20% or more

• 10% of placebo group

• 7% of sildenafil group

Treatment of ILD-PH (STEP-IPF)

Zisman DA et al. N Engl J Med 2010

180 patients with IPF randomized to sildenafil vs placebo
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Treatment of ILD-PH (STEP-IPF)

Han MK et al. Chest 2013

Subgroup analysis of 119 subjects in Step-IPF with ECHO
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Sildenafil        Placebo
No RVSD Present

Sildenafil        Placebo
RVSD Present

Sildenafil        Placebo
No RVSD Present

Sildenafil        Placebo
RVSD Present

Higher scores indicating worse HRQL Higher scores indicating more dyspnea

Kolb M et al. N Engl J Med 2018

274 Patients with IPF and DLCO<35% predicted
PRIMARY END POINT: Change in St. George Respiratory Questionnaire

Treatment of ILD-PH (INSTAGE)
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Non-Prostanoid IP 
Receptor Agonists

sGC Stimulators

Epoprostenol

Treprostnil

Iloprost 

Selexipag

Bosentan

Macitetan

Ambrisentan

Sildenafil

Tadalafil

Riociguat

Treatment of ILD-PH (RISE-IIP) 

Nathan SD. Lancet Repir Med 2019

229 patients with ILD and PH by RHC

C
ha

ng
e 

in
 6

M
W

D

Weeks since randomization

59

60



[ADD PRESENTATION TITLE: INSERT TAB > HEADER & 
FOOTER > NOTES AND HANDOUTS]

1/12/202031

Treatment of ILD-PH (RISE-IIP) 

Nathan SD. Lancet Repir Med 2019

229 patients with ILD and PH by RHC
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Days since randomization

Treatment of ILD-PH (RISE-IIP) 

Nathan SD. Lancet Repir Med 2019

229 patients with ILD and PH by RHC

No deaths attributed 
directly to drug
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Non-Prostanoid IP 
Receptor Agonists

sGC Stimulators

Epoprostenol

Treprostnil

Iloprost 

Selexipag

Bosentan

Macitetan

Ambrisentan

Sildenafil

Tadalafil

Riociguat

Treatment of ILD-PH (BPHIT) 

Corte TJ et al. Am J Respir Crit Care Med 2014

60 patients with fibrotic ILD and mPAP ≥25mmHg
PRIMARY ENDPOINT: Change in PVRI from 20% of baseline
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Treatment of ILD-PH (ARTEMIS-IPF) 

Raghu G et al. Ann Intern Med. 2013

492 patients with mild-moderate IPF - No PH inclusion criteria

Ambrisentan

Placebo
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Weeks

Treatment of ILD-PH (ARTEMIS-IPF) 

Raghu G et al. Ann Intern Med. 2013

Subgroup analysis on adverse outcomes with patients who had PH was not significant, 
although the point estimates were similar to primary model
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Treatment of ILD-PH 

Hoeper MM et al. PLOS 2015

115 patients with ILD started on PAH-therapy
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 %

Years since diagnosis

Response to Tx

No Response to Tx

Treatment of ILD-PH

2018 WSPH Statement

“Riociguat and ambrisentan are both contraindicated 
in IIP-PH. There is no evidence of benefit for other 
endothelin receptor antagonists in IIP-PH. Data on the use 
of sildenafil in IIP-PH is conflicting, while evidence for 
prostanoid therapy is too limited for any current 
recommendations.”

Nathan SD. Et al. Eur Respir J 2018
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Upcoming Studies

 Inhaled prostacyclin vs placebo in ILD-PH

 Sildenafil with pirfenidone in ILD-PH

Interim Summary

 No approved drugs for Group 3 PH

 Treat underlying lung disease

 More promising data in COPD than ILD

 Treatment should be performed in select patients with clinically relevant 
pulmonary hypertension 

• Ideally in expert centers

• Ideally under the context of a clinical trial
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Treatment of Group 3 Pulmonary 
Hypertension from OSA

OSA/OHS-PH

 Pulmonary hypertension common in obstructive sleep apnea and obesity 
hypoventilation syndrome

 Treatment of OSA is underlying therapy

 No indication for PAH-specific therapy

Schonhofer B. et al. Thorax 2001
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Conclusion

Conclusions

 Group 3 Pulmonary Hypertension is common and important

 Associated with attenuation of survival

 Pathogenesis is complex and likely represents a different phenotype than 
end-stage lung disease

 No approved drugs for Group 3 pulmonary hypertension

 Treat underlying lung disease

 Hope for treatment remains
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Thank You

nicholas.kolaitis@ucsf.edu

Right Heart Catheterization – PH Severity

Nathan SD. Et al. Eur Respir J 2018

Severity PAP (mmHg) PVR (WU) CI

Without mPAP <21

Without mPAP 21-24 PVR <3

With mPAP 21-24 PVR ≥3

With mPAP 25-34

Severe mPAP ≥35 PVR ≥3

Severe mPAP 21-24 <2
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UPDATES ON CTEPH 
 
 

Kim M. Kerr, MD 
UC San Diego 

Clinical Professor of Medicine and Vice Chief of the Division 
of Pulmonary, Critical Care & Sleep Medicine 

 
 

Saturday, January 18, 2020– 11:10 a.m. – 11:55 a.m. 
 
 
 

Kim M. Kerr, MD is Clinical Professor of Medicine and Vice Chief of the 
Division of Pulmonary, Critical Care & Sleep Medicine at the University of 
California San Diego. She has been a member of the UCSD Pulmonary 
Vascular Program since 1993 and her clinical research is focused on 
pulmonary vascular disease including predictors of surgical outcomes and 
interventional trials to prevent reperfusion edema following pulmonary 
thromboendarterectomy. She currently serves as the Principle Investigator 
and Steering Committee Chair of the United States CTEPH Registry, a 

multi-center, prospective, longitudinal registry of patients with chronic thromboembolic 
pulmonary hypertension. 

 
 
 
 
 
 
 
 
 
 
 
 
 



PANEL DISCUSSION  
 

Questions/Answers with  
Nicholas Hill, MD; Kristina Kudelko, MD;  

Nicholas Kolaitis, MD; 
Kim Kerr, MD 

 
Saturday, January 18, 2020– 11:55 a.m. – 12:15 p.m. 

 
 
 

Nicholas S. Hill, MD 
Tufts Medical Center in Boston 

Chief of the Division of Pulmonary, Critical Care and Sleep 
Medicine 

 
NICHOLAS S. HILL, MD is Chief of the Division of Pulmonary, Critical Care 
and Sleep Medicine at Tufts Medical Center in Boston and Professor of 
Medicine at Tufts University School of Medicine. He received his M.D. from 
Dartmouth Medical School in 1975.  He did his internship and residency in 
Medicine at Tufts-New England Medical Center.  He did a fellowship in 
Cardiovascular Medicine at the University of Massachusetts Medical Center 
and in Pulmonary Medicine at Boston University School of Medicine.  He is 
Board Certified in Internal Medicine, Pulmonary Diseases, and Critical Care 
Medicine.   He has done extensive research and writing in the fields of 
noninvasive ventilation and pulmonary hypertension dating back over 35 years. He has edited 
several books related to these topics. He established the Pulmonary Hypertension Center at 
Tufts Medical Center. He is a Past President of the American Thoracic Society and has received 
a Distinguished Scholar Award in Critical Care from the Chest Foundation of the American 
College of Chest Physicians as well an Award for Excellence in Pulmonary Hypertension Care 
from the Pulmonary Hypertension Association.   

 
 
 



Kristina Kudelko, MD 
Stanford University 

Clinical Associate Professor, Division of PCCM 
Director of Education, Vera Moulton Wall Center of 

Pulmonary Vascular Disease 
 

Kristina Kudelko, MD received her medical degree from the University of 
Pennsylvania. She trained in internal medicine and pulmonary and critical 
care medicine at New York Presbyterian Hospital-Cornell before she 
pursued a second fellowship in pulmonary hypertension at Stanford 
University in 2008-9. She is currently a Clinical Associate Professor in 
pulmonary and critical care medicine at Stanford and Director of Education 
of the Vera Moulton Wall Center for Pulmonary Vascular Disease. 

 
Nicholas A. Kolaitis, MD 

UC San Francisco 
Assistant Clinical Professor of Medicine 

 
Nicholas A. Kolaitis, MD is an Assistant Clinical Professor of Medicine 
at the University of California, San Francisco. He cares for patients in the 
UCSF Lung Transplant Program and Pulmonary Hypertension Clinic. His 
research interests are in health-related quality of life and the systemic 
manifestations of lung disease. He is the chair of the CTS Career 
Development Committee and is a member of the CTS Board of 
Directors. 
 
 

Kim M. Kerr, MD 
UC San Diego 

Clinical Professor of Medicine and Vice Chief of the Division 
of Pulmonary, Critical Care & Sleep Medicine 

 
Kim M. Kerr, MD is Clinical Professor of Medicine and Vice Chief of the Division 
of Pulmonary, Critical Care & Sleep Medicine at the University of California San 
Diego. She has been a member of the UCSD Pulmonary Vascular Program 
since 1993 and her clinical research is focused on pulmonary vascular disease 
including predictors of surgical outcomes and interventional trials to prevent 
reperfusion edema following pulmonary thromboendarterectomy. She currently 
serves as the Principle Investigator and Steering Committee Chair of the United 
States CTEPH Registry, a multi-center, prospective, longitudinal registry of patients with chronic 
thromboembolic pulmonary hypertension. 



 
 
 
 
 
 

LUNCH 
EXHIBIT HALL OPEN 

 
 
 

Saturday, January 18, 2020 – 12:15 p.m. – 1:15 p.m. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
 
 

CTS ANNUAL BUSINESS MEETING 
 
 

Saturday, January 18, 2020 – 1:00 p.m. – 1:15 p.m. 
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BIOLOGICS IN ASTHMA:   
A PERSONAL APPROACH 

 
 

 
Stephen C. Lazarus, MD, FCCP, FERS 

UC San Francisco 
Professor of Medicine 

Division of Pulmonary & Critical Care Medicine 
Senior Investigator, Cardiovascular Research Institute 

 
 

Saturday, January 18, 2020 – 1:15 p.m. – 2:00 p.m. 
 
 
 

Stephen C. Lazarus, MD, FCCP, FERS is an inbred product of the 
University of California, having trained at Berkeley, Irvine, and San 
Francisco.  He served as Fellowship Director at UCSF for 18 years, as 
well as Clinic Chief and Division Chief. His clinical and research focus is 
airway disease, and he’s been PI of the NHLBI-sponsored Asthma 
Clinical Research Network, AsthmaNet, the COPD Clinical Research 
Network, the DOD ß-Blockers in COPD network, and the ALA Airway 
Clinical Research Centers Network.  He was a member of the NAEPP 
Coordinating Committee 2001-2017.  Dr. Lazarus is an Editor of the 

Murray & Nadel Textbook of Respiratory Medicine, and has authored more than 200 original 
research papers, review articles, and book chapters. 
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Biologics in Asthma: 
A Personalized Approach

Stephen C. Lazarus, MD, FCCP, FERS

University of California San Francisco

Disclosures

• No interactions with Pharma or Industry

• Member NAEPP Coordinating Committee

• PI NHLBI Asthma Clinical Research Network (ACRN)

• PI NHLBI AsthmaNet

• PI NHLBI COPD Clinical Research Network (CCRN)

• Co‐Investigator NHLBI SPIROMICS Network

• PI ALA Airway Clinical Research Centers Network
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(All Asthma is not the same!)

The Asthma Store

Phenotypes vs Endotypes

• Phenotype:  Any observable characteristic or 
trait, without implication for

mechanism

Anderson, GP
Lancet 372:20‐26, 2008

• Endotype: A disease subtype defined by a 
distinct functional or pathobiological

mechanism

3
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Precision
Medicine

• N = 34 Severe Asthma

• Endobronchial Biopsies

• 59% (20/34) Eosinophil Positive
• 41% (14/34) Eosinophil Negative

Am J Respir Crit Care Med
160:1001-8, 1999

5
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Type 2 Immune Responses in Asthma

Fahy, JV
Nature Reviews/Immunology 15:57‐65, 2015

Locksley Cell 2010

IL13 and IL5 comprise distinct 
components of type 2 inflammation:

• IL5 directly promotes 
eosinophilia

• IL13 has direct effects on lung 
structural cells, promotes IgE
class switching and indirectly 
promotes eosinophilia

Blood and sputum eosinophilia 
reflect the effect of IL5

Periostin and inducible NO 
synthetase are induced in structural 
cells by IL13

Optimal choice of biomarker may 
depend on what aspect type 2 
inflammation you are choosing to 
target

7
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Timeline for Asthma Biologics

Omalizumab
(X‐IgE; Xolair®)

Mepolizumab
(X‐IL5; Nucala®)

Reslizumab
(X‐IL5; Cinqair®)

Dupilumab
(X‐IL4R; 
Dupixent®)

Benralizumab
(X‐IL5R; 
Fasenra®)

2003 Nov 2015 (SA)
Dec 2015 (EGPA)
Sep 2019 (Peds)

Mar 2016 Mar 2017
(Eczema)

Oct 2018
(SA) Oct 2019

(Auto‐
Inject)

Nov 2017
(SA)

Lebrikizumab
(X‐IL13)

Tralokinumab
(X‐IL13)

Tezepelumab
(X‐TSLP)

Fevipiprant;
(X‐DP2 or 
CRTh2)

Inhibiting IgE for Asthma

• Omalizumab (Anti‐IgE)

• FDA approved 2003

• Indications:  Mod‐severe allergic asthma
Chronic idiopathic urticaria

• Binds IgE and prevents 
binding to FcR1

• Approved for 6‐11 and ≥12

• Administered SC, q2‐4 weeks

9
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• N = 25 clinical trials; moderate or severe asthma

• Reduced risk of exacerbations (26%  16%)

• Reduced risk of hospitalization (3%  0.5%)

• Small (significant) decrease in ICS dose

• Increased likelihood of eliminating ICS (40% vs 21%)

• No reduction in OCS

• N = 850, randomized, 12 months

• 25% reduction in exacerbations (0.88 to 0.66)

• Improved AQLS (0.29 points; 0.15 to 0.43)

• Decreased daily albuterol (‐0.27 puffs; ‐0.49 
to ‐0.04)

• Decreased mean Asthma Symptom Score 
(‐0.26; ‐0.42 to ‐0.10) 

11
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• N = 34 children, prospective, not randomized, 
4 months

• Median prednisolone reduced 20 to 5 mg 
(p<0.0001))

• Improved AQLQ, 3.5 to 5.9  (p<0.0001)

• Improved ACT, 12 to 20  (p<0.0001)

Blood Eosinophils and Clinical Markers of Asthma 
Severity Predict Response to Omalizumab

2 Phase III trials
N=1071

Omalizumab
Vs

Placebo

Casale et al
Allergy, 2018; 73:490‐97

13
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Omalizumab is More Effective in
Patients with Robust T2 Signal

Casale et al
Allergy, 2018; 73:490‐97

2 Phase III trials
N=1071

Omalizumab
Vs

Placebo

Inhibiting IL‐5 for Asthma

• Mepolizumab (Anti‐IL5)*

• Reslizumab (Anti‐IL5) **

• Benralizumab (Anti‐IL5R) +++

*FDA‐approved 11/15 for Asthma (SA) Add‐on Maintenance and 

in 12/15 for EGPA
in 09/19 for Pediatric SA

**FDA‐approved 3/16 for Asthma (SA) Add‐on Maintenance

+++FDA‐approved 11/17 for Asthma (SA) Add‐on Maintenance

15
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Inhibiting IL‐5 for Asthma

• Mepolizumab (Anti‐IL‐5)

• FDA approved 2015

• Indications:  Severe allergic asthma
EGPA

• Binds IL‐5

• Approved for ≥6 ‐ 11 and ≥12

• Administered SC, qMonth
(in office, then at home)

Anti‐IL5 (Mepolizumab) in Persistent Asthma

Flood‐Page et al
Am J Respir Crit Care Med 176:1062, 2007

Placebo

Mepolizumab 250

Mepolizumab 750

17
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Anti‐IL5 (Mepolizumab) in Persistent Asthma

Flood‐Page et al
Am J Respir Crit Care Med 176:1062, 2007

FEV1 Symptoms

Ortega et al
NEJM, 2014; 371:1198‐1207

N=575
Mepolizumab IV

Vs
Mepolizumab SQ

Vs
Placebo

19
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Bel et al
NEJM, 2014; 371:1189‐1197

Inhibiting IL‐5 for Asthma

• Reslizumab (Anti‐IL‐5)

• FDA approved 2016

• Indications:  Severe allergic asthma

• Binds IL‐5

• Approved for ≥18 year old

• Administered IV, qMonth

• Weight‐based (3mg/kg)

21
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Maspero et al
Ther Adv Respir Dis 2017; 11:311‐25

Changes in FEV1 and AQLQ over 52 weeks in patients receiving reslizumab
or placebo in 2 Studies (Castro et al; Lancet Respir Med 2015; 3: 355–66)

Inhibiting IL‐5 for Asthma

• Benralizumab (Anti‐IL‐5R)
• FDA approved 2017

• Indications:  Severe allergic asthma

• Binds IL‐5Rblocks IL‐5 inflammation; 
kills eosinophils

• Approved for ≥12 year old

• Administered SC qMonth x 3, 
then q8 weeks 

23
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Bleecker et al
Lancet 2016; 388:2115‐2127

Fitzgerald et al
Lancet 2016; 388:2128‐2141

Patients with ≥300 Eos/mcL had greater 
reduction in exacerbations with Benralizumab

2017; 376:2448‐2458

25
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Inhibiting IL‐4 and IL‐13 for Asthma

• Dupilumab (Anti‐IL‐4R)
• FDA approved 2018

• Indications:  Severe allergic asthma,  steroid 
dependent asthma, atopic dermatitis

• Binds IL‐4Ra shared component of 
IL‐4 and IL‐13 receptors

• Approved for ≥12 year old

• Administered SC q2 Weeks

Lancet, 388:31‐44, 2016

• Phase 2b, N = 769
• Severe uncontrolled asthma
• Dupilumab Q2 or 4 wks x 24 weeks

(Anti‐IL‐13 and Anti‐IL‐4)

27
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FEV1, L FEV1, % change

All

Eos 
≥300

Eos 
<300

Dupilumab (Anti‐IL‐13 and Anti‐IL‐4)

2018 378:2486‐96

N = 1902; ≥12 years old
Uncontrolled despite:
FP ≥500 mcg/day + LABA or LTRA

29
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2018 378:2475‐2485

Type 2 Immune Responses in Asthma

Fahy, JV
Nature Reviews/Immunology 15:57‐65, 2015

31
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2017; 377:936‐46

33
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Omalizumab Mepolizumab Reslizumab Benralizumab Dupilumab

FDA Approval 2003 2015 2016 2017 2018

Patient Age 6‐11
≥12

6‐11
≥12

≥18 ≥12 ≥12

Route of 
Administration

SC SC IV SC SC

Dosing Q 2‐4 weeks
(BMI + IgE)

Q month
(office‐home)

Q month
3mg/kg

Q month x 3;
Q 8 weeks

Q 2 weeks

Eosinophils
per
mcL

‐‐
(more 

effective 
with higher 

levels)

≥150 ≥400 >300
≥150 

(studied 
all)

IgE, IU/ml 30‐700 ‐‐ ‐‐ ‐‐ ‐‐

Indications Mod‐Severe 
Allergic 
Asthma;

Chr Urticaria

Severe 
Allergic 
Asthma;
EGPA

Severe 
Allergic 
Asthma

Severe Allergic 
Asthma

Severe 
Allergic 
Asthma; 
Steroid 

Dependent
Asthma;
Atopic 

Dermatitis

35
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Advances in ILD 
 
 

Justin Oldham, MD 
UC Davis 

Assistant Professor of Medicine 
 
 

Saturday, January 18, 2020 – 2:00 p.m. – 2:45 p.m. 
 
 
 

 Justin Oldham, MD is an Assistant Professor of Medicine at UC-Davis, where 
he directs the Interstitial Lung Disease Program. He attended medical school at 
the University of Colorado, then completed his residency at UC-Davis and 
pulmonary/critical care fellowship at the University of Chicago, where he 
completed an additional two-year ILD fellowship. He was recruited back to UC-
Davis in 2016 to lead the ILD program and is currently funded by the National 
Institutes of Health to study biomarkers of IPF progression and treatment 
response. 
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Interstitial Lung Disease:
An Update
Justin Oldham, MD MS
Assistant Professor of Medicine
Director, Interstitial Lung Disease Program
University of California at Davis

Disclosures
• Grants to study Interstitial Lung Disease

• National Institutes of Health (NHLBI)
• K23 (Oldham) – Genomic determinants of IPF outcomes
• R01 (Chen) – MARCKS signaling in IPF
• R01 (Fernandez-Perez) - Transcriptomic signature of hypersensitivity pneumonitis
• R01 (Noth/Martinez) - PRECISIONS IPF clinical trial and genomic sequencing

• CA Tobacco Related Disease Research Program 
• MARCKS signaling in IPF (Chen)

• ILD/IPF Speaking and Consulting
• Genentech
• Boehringer Ingelheim
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Objectives

• Review ILD diagnostic classification and provide overview 
of common ILDs

• Present data from recently published ILD clinical trials and 
propose a new paradigm in ILD classification

• Highlight challenges ahead in the treatment of patients 
with ILD 

Part I

ILD diagnostic classification and common ILDs 

3
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Grippi et al. Fishman’s Pulmonary Diseases and Disorders

Interstitial Lung Disease Classification – The Textbook

Interstitial Lung Disease

Etiology Known Idiopathic Interstitial Pneumonia Unclassifiable

Connective tissue disease
‐ RA, SSc, Sjogrens, IIM, SLE

Hypersensitivity pneumonitis
‐ Avian antigen, mold antigen

Idiopathic pulmonary fibrosis
‐ Familial, sporadic

Interstitial pneumonia with autoimmune features
‐ Not quite IPF, not quite CTD

‐ Two or more diagnoses 
equally likely

‐ Disease too advanced 
to diagnose

Interstitial Lung Disease Classification – Cliff Notes

5

6



1/12/2020

4

Idiopathic Pulmonary Fibrosis

• Progressive fibrosing ILD
• Most patients > age 60
• Male predominance 3:1
• 75% endorse smoking history
• Most common ILD
• Most deadly ILD

Oldham and Noth. Res Med 2012
Maher and Strek. Res Res 2019

Usual interstitial pneumonia pattern on HRCT

CTD-associated ILD
• Most common causes are rheumatoid arthritis, idiopathic 

inflammatory myopathy and systemic sclerosis
• Inflammatory changes often precede the development of 

pulmonary fibrosis

Non‐specific interstitial pneumonia Organizing Pneumonia
Kligerman et al.Radiographics 2009 
Travis et al. AJRCCM 2013

7
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Immunosuppressive therapy generally effective in 
treating CTD-ILD

Oldham et al. Res Med 2016
Fischer et al. J Rheum 2013

CTD Patients UIP often follow IPF-like 
trajectory 

Strand et al. Chest 2015

IPF‐UIP

CTD‐UIP

IPF‐UIP

RA‐UIP

SSc‐UIP

9
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Chronic Hypersensitivity Pneumonitis

• Inhalational disease characterized by 
inflammation and fibrosis

• Organic antigens are most common 
etiology

• avian, fungal, agricultural
• Failure to identify an antigen is 

associated with worse outcome
• High lymphocyte count on 

bronchoalveolar lavage is suggestive Airway‐centric fibrosis with ground glass opacity 
and air trapping 

Selman et al. AJRCCM 2012 

Morisset et al. Chest 2017

11
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Interstitial Pneumonia with Autoimmune Features (IPAF)
• Patients with ILD having features 

of CTD but failed to meet 
established CTD criteria

• Clinical features
• Serologic features
• Morphologic features

• Variable degree of inflammation 
and fibrosis on imaging/path

• Treatment strategies not defined
• Survival marginally better than 

IPF but largely influenced by 
morphologic pattern

Oldham et al. ERJ 2016

13
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Unclassifiable ILD

• Patients for whom a confident 
ILD diagnosis cannot be reached

• Variable degree of inflammation 
and fibrosis on imaging and 
pathology

• Treatment strategy not defined
• Survival better than IPF but 

worse than non-IPF ILD

Ryerson et al. ERJ 2012

15
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Part II

Data from recent ILD clinical trials and introduction 
to a new paradigm in ILD classification

Interstitial Lung Disease

Etiology Known Idiopathic Interstitial Pneumonia Unclassifiable ILD

Connective tissue disease
‐ RA, SSc, Sjogrens, IIM, SLE

Hypersensitivity pneumonitis

Idiopathic pulmonary fibrosis

Interstitial pneumonia with autoimmune features

Interstitial Lung Disease Classification

?

?
?

?

17
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Raghu et al. NEJM 2012
Martinez et al. NEJM 2014

19
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Interstitial Lung Disease

Etiology Known Idiopathic Interstitial Pneumonia Unclassifiable ILD

Connective tissue disease
‐ RA, SSc, Sjogrens, IIM, SLE

Hypersensitivity pneumonitis

Idiopathic pulmonary fibrosis

Interstitial pneumonia with autoimmune features

Interstitial Lung Disease Classification

?

25
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• Inclusion Criteria
• Established diagnosis of SSc with ≥10% fibrosis on HRCT
• First non-Raynaud’s SSc symptoms within 7 years of enrollment
• FVC ≥40% and DLCO ≥30% predicted

• Allowed background prednisone (up to 10mg) and 
immunosuppression (MMF or MTX) if on stable dose for >6 months 
prior to enrollment

Phase III

27

28



1/12/2020

15

Primary Endpoint – Change in FVC over time

Secondary Endpoints

29
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SSc‐ILD IPF

SENSCIS Trial Conclusions

• Nintedanib slows FVC decline compared to placebo in patients 
with SSc-ILD

• Treatment effect less than observed with IPF, but overall progression 
was less than is observed in IPF

• No significant treatment effect on skin scores or QOL scores

• Similar side effect profile in SSc-ILD as with IPF, but with more 
diarrhea (76%)

• Need to consider in patients with significant SSc-related lower GI 
involvement

31
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Interstitial Lung Disease

Etiology Known Idiopathic Interstitial Pneumonia Unclassifiable ILD

Connective tissue disease
‐ RA, SSc, Sjogrens, IIM, SLE

Hypersensitivity pneumonitis

Idiopathic pulmonary fibrosis

Interstitial pneumonia with autoimmune features

Interstitial Lung Disease Classification

Interstitial Lung Disease Classification
A new paradigm

Interstitial Lung Disease

Progressive ILD Non‐progressive ILD

Idiopathic pulmonary fibrosis
Progressive fibrosing ILD
‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD (myositis, SLE, Sjogrens) 
‐ CHP
‐ IPAF
‐ uILD
‐ other progressive ILDs

‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD
‐ CHP
‐ IPAF
‐ uILD
‐ other non‐progressive ILDs

33
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• Inclusion Criteria
• Non-IPF ILD diagnosis with ≥10% pulmonary fibrosis on HRCT
• Progressive fibrosing phenotype within 2 years of enrollment

• ≥10% relative decline in FVC in two years prior to enrollment
• 5-10% relative decline in FVC and worsening symptoms or extent of fibrosis on HRCT
• Worsening symptoms and extent of fibrosis on HRCT

• ≥45% predicted FVC and >30% predicted DLCO
• Background immunosuppression (including prednisone ≥20mg) not 

allowed (but could be initiated after 6 months for clinical worsening)

Phase III

35
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ILDs Included

Primary Endpoint – Change in FVC over time

37
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Secondary Endpoints

INBUILD Trial Conclusions

• Nintedanib slows FVC decline compared to placebo in patients 
with diverse forms of progressive fibrosing ILD

• No significant treatment effect on QOL measures

• Trend towards reduced mortality and hospitalization in 
nintedanib treated patients 

• Safety and tolerability data similar to IPF and SSc-ILD

39
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Interstitial Lung Disease Classification
A new paradigm

Interstitial Lung Disease

Progressive ILD Non‐progressive ILD

Idiopathic pulmonary fibrosis
Progressive fibrosing ILD
‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD (myositis, SLE, Sjogrens) 
‐ CHP
‐ IPAF
‐ uILD
‐ other progressive ILDs

‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD
‐ CHP
‐ IPAF
‐ uILD
‐ other non‐progressive ILDs

• Inclusion Criteria
• Established diagnosis of progressive fibrosing unclassifiable ILD by local 

investigators
• Inability to provide high or moderate confidence ILD diagnosis
• ≥10% fibrosis on HRCT
• >5% absolute decline in % predicted FVC or significant symptomatic worsening 

within the prior 6 months (excluding non-cardiac causes)
• FVC ≥45% and DLCO ≥30% predicted

• Allowed background immunosuppression

Phase II

41
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• Required single daily spirometry 
from patients using home spirometer

• Substantial variability in measures 
observed at study conclusion 

• Resulted in inability to conduct 
hypothesis testing of primary 
endpoint

• Spirometers had internal controls to 
detect variability, but required >2 
daily measures

Primary Endpoint – change in FVC over time using home spirometry

43
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Secondary Endpoints
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Safety and tolerability

Study Conclusions
• Pirfenidone slowed FVC decline compared to placebo in patients with 

progressive, unclassifiable ILD
• Based on secondary endpoints of standardized site-spirometry
• Primary endpoint of home-based spirometry could not be assessed due to significant 

inter- and intra-subject variability

• Treatment effects consistent across diverse subgroups
• Exception appears to be those treated concurrently with MMF

• Safety and tolerability similar to IPF

• Support phase III trial of pirfenidone in this group (other other progressive 
ILDs)
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Part III

Our challenges ahead in ILD therapeutics

First we must actually treat!

Challenges Ahead
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Flaherty et al. ERS Abstract 2018

~40% of patients with IPF are not 
taking anti‐fibrotic therapy 

Reasons patients are not being treated

Maher et al. Respiration 2018
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Maher and Strek Res Res 2019

Reasons patients are not being treated

Maher and Strek. Res Res 2019
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Stable IPF cannot be predicted with lung function

Russell et al. AJRCCM 2018
Martinez et al. Ann Int Med 2005
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Manuscript Under Review
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Antifibrotic therapy for progressive fibrosing 
interstitial lung disease: time to treat

Univ of ChicagoImperial College
Royal Brompton Hospital

Challenges Ahead

Interstitial Lung Disease

Progressive ILD Non‐progressive ILD

Idiopathic pulmonary fibrosis
Progressive fibrosing ILD
‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD
‐ CHP
‐ IPAF
‐ uILD
‐ other progressive ILDs

‐ SSc‐ILD 
‐ RA‐ILD
‐ Other CTD‐ILD
‐ CHP
‐ IPAF
‐ uILD
‐ other non‐progressive ILDs

We need to identify progressive 
fibrosing ILD before it becomes 

progressive
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Challenges Ahead

Some ILDs are probably better treated with immunosuppression than 
anti-fibrotic therapy

Connective Tissue Disease‐associated ILD Chronic Hypersensitivity Pneumonitis
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Oldham et al. Unpublished data

Composite risk score comprised of : 

Age
DLCO
Four proteins

Can predict treatment response 
in patients with CTD‐ILD

Immunosuppressive (IS) treatment 
in responsive endotype 
=  favorable outcome
First line therapy: 
immunosuppressant

Immunosuppressive (IS) treatment 
in nonresponsive endotype 
=  poor outcome
First line therapy: anti‐fibrotic?

Summary

• 2019 was an exciting year that showed anti-fibrotic therapy is 
effective for progressive ILD, irrespective of subtype

• BUT…ILD remains a complex disease without a one size fits all 
treatment

• Some ILDs will better respond to immunosuppression while others will be 
better suited to receive an anti-fibrotic

• Biomarker investigations provide a path forward in discriminating 
progressive from non-progressive ILD and identifying those who 
should receive an immunosuppressant versus anti-fibrotic
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Thank You!
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Cystic Fibrosis 

• Most common genetic disease associated with a decreased 
lifespan in Caucasians

•  30,000 in US; 70,000 worldwide. 

•  3-4% North American carrier rate

•  Caused by mutations in the Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) gene

•  Disrupts anion (chloride and bicarbonate) 
transport in organs throughout the body resulting in 
mucus dysfunction

• Results in chronic polymicrobial sino-pulmonary 
lung infection, pancreatic insufficiency, hepatic 
cirrhosis and bowel obstruction.  



Cystic Fibrosis Systemic Manifestations



Sweat chloride concentration-Pilocarpine iontopheresis

Cystic Fibrosis-Laboratory Confirmation

- Operator dependent.  Experience and quality control are important

- Requires 100 mg sweat sample.  

- Values:  < 30 meq/l  normal
> 60 meq/l  positive

- Repeat all positive and borderline test and those with a 
classical clinical presentation



CFTR Genetic mutation screening

Cystic Fibrosis-Laboratory Confirmation

- Standard CFTR genetic screens assesses
•F508del. If homozygous then stop.

- Next step: 32-200 most frequent mutations in North America which account for 
90% of the mutated alleles

- Full CFTR Gene Sequencing (Exome sequencing with selected intron information
•Atypical CF cases have a high frequency of rare mutations not identified in the screens
•Duplications and Deletions: ~ 1% of general population

Not identified by sequencing 
Require specialized techniques to identify. 

•Avoid “Bronchiectasis screens”



Newborn Screening 
• Early identification results in initiation of therapies associated with 

much improved long-term medical outcomes
• Nutritional
• Early initiation of pulmonary specific therapies

• Advantages of long-term effects outweigh the disadvantages

• Statewide programs vary but most are designed to identify 90-99% 
of the most severe cases

• California uses a “three step screening process”



California Newborn Screening



Newborn Screening Challenges

• Pediatric Pulmonary Providers
• Screen positive, asymptomatic subjects

• Adult Pulmonary Providers
• California newborn screening has a sensitivity of about 92 %
• Missed subjects may have less severe or atypical disease
• Missed subjects are more likely to present in adulthood
• Program was initiated in July 2007

• Adult pulmonologists need to maintain awareness of CFTR related disease in 
their patients with diffuse bronchiectasis.



Cystic Fibrosis Therapeutics:  
Where we have been



CFTR Modulator Therapy
• Small, orally bioavailable medications that directly increase (i.e. 

“modulate”) CFTR activity
• High-throughput robotic screening of CFTR in primary airway epithelial 

cells
• Potentiators: Increase open probability of CFTR channel

• Ivacaftor
• Correctors: Improves F508del polypeptide folding and maturation

• Lumacaftor
• Tezacaftor
• Elexacaftor

• Others





Ivacaftor with G551D
•Potentiator

Improves lung function Decreases complicationsImproves sweat chloride



Long-term effects of ivacaftor

J Cyst Fibros. 2019 Jun 10. pii: S1569-1993(19)30767-2.



Triple combination modulator therapy

Ivacaftor (Potentiator)

Tezacaftor (Corrector)

Elexacaftor (Corrector)

• in vitro effects on primary bronchial epithelial cell chloride transport

Keating D, et al. N Engl J Med. 2018;379:1612-1620.



N Engl J Med 2019;381:1809-19.
Lancet. 2019 Nov 23;394(10212):1940-1948



N Engl J Med 2019;381:1809-19.
Lancet. 2019 Nov 23;394(10212):1940-1948



N Engl J Med 2019;381:1809-19.
Lancet. 2019 Nov 23;394(10212):1940-1948



Sweat Chloride Change in ppFEV1

Individual Responses to Elexacaftor-Tezacaftor-Ivacaftor

N Engl J Med 2019;381:1809-19.
Lancet. 2019 Nov 23;394(10212):1940-1948



Adverse Events: Elexacaftor-Tezacaftor-Ivacaftor

N Engl J Med 2019;381:1809-19.
Lancet. 2019 Nov 23;394(10212):1940-1948





What’s next?

• Screening for Nonsense Mutations (premature translational stop codons such as W1282X or G542X)
- High throughput/robotic screening of over 1,300,000 compounds
- Modified Aminoglycosides (Phase 2 Trials)

• RNA-based Therapy (All patients potentially benefit)
- tRNA
- mRNA (upcoming Phase I trial)
- Anti-sense oligonucleotides

• Gene Therapy and Gene Editing
-Transferring and expressing a normal CFTR gene to 

appropriate airway cells
- Repairing CFTR mutations in a patients own cells with 

CRISPR-CAS9 and other technologies
- Challenges:

Optimal vector for transfer: AAV, Adenovirus, Lentivirus, non-viral
Immune Tolerance of the vector and corrected protein



CF Therapy Pipeline
Restore CFTR Function Mucociliary Clearance

Anti-inflammatory

Anti-infective

Nutritional-GI-Other
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Anti-Infective Therapy

Anti-fungal therapy

Non-tuberculous mycobacteria

Phage Therapy 



CF airway fungal infections
• Aspergillus spp are associated with accelerated loss of lung function
• Allergic Bronchopulmonary Aspergillus
• The decision to treat CF airway fungal infection uses a similar approach as 

NTM
• Recurrent positive culture 
• Radiographic evidence
• Clinical Instability
• Treat underlying CF aggressively

• Therapy guidelines do not exist
• When possible use drug levels to guide therapy
• Drug susceptibility testing (association with medical outcomes are not established).
• Consider synergistic combinations between azoles, echinocandins, amphotericin 

and terbinafine
• Induction therapy for 1-2 months (2-3 drugs)
• Consolidation:

• Minimum of 4-6 months of azole or terbinafine +/- inhaled amphotericin



Fluc Itra Vori Posa Isavu Echino Ampho B Terb
C. albicans, parapsilosis, 
tropicalis + + + + + + + +
C. glabrata ± ± + + + + + +
C. Krusei - ± + + + + + +
C. auris - - - - - + ± +
A. fumigatus, flavus, niger - + + + + + + +
A. terrus - + + + + + - +
S apiospermium - ± + + + - ± +
S. prolificans - - ± ± - - - +
Penicillium spp ± ± ± ± + + ± +
Exophiala spp - + + + + ± + +
Trichosporin spp ± + + + + - - +

In vitro susceptibility of fungi to common anti-fungals



Non-tuberculous Mycobacteria
MAC/MAI: Standard Therapy.  3 Requried

Severe Disease (almost all CF patients fall into this category) consider qd dosing and not TIW
Consider 4-12 weeks of Amikacin IV (TIW) for severe disease.  

First line selections
Rifampin Cannot by used in conjunction with CFTR modulators
Ethambutol
Azithromycin

Second line selections
Clofazimine Preferred agent if rifampin  is not used.  
Amikacin Inh
Bedaquiline PO
Tedizolid  (IV or PO)
Moxifloxacin PO

Amikacin (IV or Inh)



M. abscessus induction (4 reaquired ssp abscessus;  3 required for ssp massillense)
Length of induction: At least one month
Selections are based on tolerance and in vitro susceptibility when available.  

First line selections
Amikacin IV Consider nebulized form for contraindications
Imipenem IV
Azithromycin (IV or PO)
Linezolid IV

Second line selections
Amikacin Inh
Cefoxitin IV
Tigecycline IV
Eravacycline IV
Omadacycline IV or PO Possibly better tolerated than tigecycline
Tedizolid  (IV or PO) Prefered over linezolid if tolerated and available. 
Clofazimine PO
Bedaquiline PO
Moxifloxacin PO

Non-tuberculous Mycobacteria



M. abscessus continuation (4 reaquired ssp abscessus;  3 required for ssp massillense)

First line selections
Amikacin Inh
Azithromycin (IV or PO)
Linezolid IV
Moxifloxacin PO

Second line selections
Clofazimine PO
Bedaquiline PO
Tedizolid  (IV or PO)
Minocycline PO
Omadacycline IV or PO
Imipenem IV
Cefoxitin IV
Tigecycline IV
Eravacycline IV

Non-tuberculous Mycobacteria



No Fundamentally New Antibiotics 
Have Been Discovered for 20 Years



1941:  Second AMA report further 
discredits the “d’Herelle” phage theory1934 Commissioned JAMA Report

Courtesy of Ryland Young, Texas A&M University



Bacteriophage
Epifluorescence: Light Microscopy

Schooley, et. al.,Antimcrob Ag Chemother, 2017

AbΦ1                    AbΦ4                        AbΦ71                   AbΦ97                    AbTP3Φ1

Myophages Podophage

Electron Microscopy



a lysogen is a cell containing a prophage/provirus

Phage Therapy: Bacteriophage Life Cycle

majority of bacterial pathogens are lysogens

prophage carry virulence factors

https://doi.org/10.3389/fcimb.2012.00081 

bacteria in high density ecosystems are often lysogens
(Knowles, Silveira et al. 2016)



What Other Factors Might Contribute to Phage Therapy Success

• Synergistic or additive activity with antibiotics
• Capsular changes resulting in reduced invasiveness
• Enhancement of pathogen specific immune responses
• Biofilm disruption
• Phage Library Availability

• Staphylococcus spp
• Pseudomonas spp
• E. Coli spp
• Acinetobacter spp
• Achromobacter spp
• M abscessus



Fixed Phage Cocktails

Candidate Organism

Fixed Cocktail

Single Phenotypic Susceptibility Test

x
x
x

X

X
X

Advantages
Phage cocktail is pre-prepared and ready to administer
Disadvantages
Not all organisms will be susceptible to the fixed cocktail
Limited to organisms with broad host range phage (S. aureus/P. aeruginosa)
Not all phage in the cocktail are active against any given bacterium
When resistance develops there is no backup plan

Candidate Organism

Phenotypic Susceptibility 
Test for Each Phage in the

curated phage library

Construction of a Custom
Cocktail from Phage Active

Against the Candidate Organism

x

Advantages
Broader spectrum of bacteria can be approached
Every phage in the cocktail is active
Second generation phage cocktail can be. created for resistance

Disadvantages
Requires more time to prepare
May be more expensive

Custom Phage Cocktails

Bacteriophage Approaches



Phage:  Biological Challenges as Therapeutic Agents
• Lysogeny: shuffle bacterial resistance and/or pathogenicity genes

• High degree of specificity for bacterial targets
• Species specific
• Each phage kills only a subset of the bacteria in a given species

• Ecological considerations in complex lung infections
• What microbial population (bacterial, fungal) will fill in the niche vacated by the lysed 

populations?

• Selection of bacteria for phage resistance
• Receptor changes by bacteria
• Destruction of phage nucleic acid by endonuclease.

• Unknown Unknowns



Questions?  
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Lorriana Leard, MD 
UC San Francisco 

Professor of Clinical Medicine 
 

Lorriana Leard, MD is Professor of Clinical Medicine at the University of 
California San Francisco. She received her undergraduate degree from 
Stanford University and her M.D. from the University of California San 
Diego. After completing her Internal Medicine residency at the University 
of Texas Southwestern in Dallas, she came to the University of California 
San Francisco for her Pulmonary and Critical Care Fellowship where she 
also completed an additional subspecialty fellowship in Advanced 
Bronchoscopy and Lung Transplantation. She is currently the Vice Chief 

of Clinical Operations for the UCSF Division of Pulmonary, Critical Care, Allergy, and Sleep 
Medicine and has an emphasis in medical education. She specializes in the care of patients 
with lung cancer and advanced lung diseases who are candidates for lung transplants. Dr. 
Leard is the current president of the California Thoracic Society. She serves on Item Review 
Committees for the National Board of Medical Educators and is an Editorial Board Consultant 
for the Journal of Heart and Lung Transplantation. 
 
 

George E. Chaux, MD, FCCP 
Cedars Sinai Medical Center 

Medical Director, Lung Transplant Program 
 

George E. Chaux, MD, FCCP is Medical Director of the Lung Transplant Program 
at Cedars- Sinai Medical Center.  Board certified in internal medicine, Dr. Chaux 
has specialized certification in pulmonary medicine and in critical care medicine.  
His primary areas of research and clinical interest involve state-of-the-art 
diagnosis, treatment and postoperative management strategies for lung 
transplant patients and individuals with pulmonary arterial hypertension and 
idiopathic pulmonary fibrosis. In addition, he is actively involved in developing the 
interventional pulmonology program at Cedars-Sinai Medical Center which 

includes the advanced use of rigid bronchoscopy with laser treatment of airway tumors, stenting 
of airway strictures and the introduction of new technologies such as SuperDimension for the 
biopsy of peripheral lung lesions and endobronchial ultrasound for the biopsy of mediastinal 
lymph nodes. 
 
Dr. Chaux has made numerous presentations at professional symposia, and he has written 
articles for peer-reviewed publications, including Circulation, Clinical Infectious Diseases, 
Critical Care Medicine, Transplantation, The Lancet, The Annals of Thoracic Surgery and the 
Annals of the American Thoracic Society.  He is a fellow of the American College of Chest 
Physicians and a member of the American College of Physicians, American Thoracic Society, 
California Thoracic Society and International Society of Heart and Lung Transplantation. 
 
Dr. Chaux received his bachelor’s degree from Bowdoin College in Brunswick, Maine and his 
medical degree from Boston University School of Medicine.  At the University of California, San 
Diego Medical Center, he completed an internship and residency in internal medicine, serving 



as Chief Resident, and a fellowship in pulmonary and critical care medicine. He also served as 
Medical Director of the Lung and Heart-Lung Transplant Program at UCSD following his training 
and before coming to Cedars-Sinai Medical Center. 
 
Over the past twelve years, the lung transplant program at Cedars-Sinai Medical Center has 
grown tremendously under the direction of Dr. Chaux. The program is now averaging more than 
twenty lung transplants a year with excellent outcomes. We are a Medicare certified program 
and a number of third party payers such as Kaiser Permanente and Blue Cross are now 
contracted with Cedars-Sinai Medical Center as a center of excellence for lung transplantation 
which has increase our volume even further. A second new faculty member was added to the 
program in 2006 and a third new faculty member was added to the program in subsequent 
years. We also have a pulmonary fellow assigned to the lung transplant service for every month 
of the year thereby improving the training of our fellows in pulmonary and critical care medicine. 
With the growing volume of lung transplants that are being done, there is now ample opportunity 
to launch new clinical investigations. Current studies that being carried out or that are being 
planned include outcomes of combined lung and kidney transplantation, an investigation into the 
impact of non-HLA antibodies on the acute rejection process in lung transplantation and an 
investigation into the impact of auto-antibodies on the acute rejection process in lung 
transplantation. 
 
Dr. Chaux has been actively involved in Medicine and Pulmonary Grand Rounds, teaching of 
medical students, residents and interns and in the education of nursing staff regarding the care 
of patients who are candidates for and have received lung transplants. He has been invited to 
give numerous lectures at other academic institutions such as UC Irvine and Harbor UCLA. He 
was recently invited to deliver a lecture at a symposium of an international meeting of the Latin-
American Association of Thoracic Medicine in Colombia. He actively participates in the annual 
meeting of the International Society for Heart and Lung Transplantation. In addition, Dr. Chaux 
is an active member of the Heart-Lung Committee of the local organ procurement organization, 
OneLegacy, and he is involved in community outreach programs that raise donor organ 
awareness and promote Cedars-Sinai Medical Center as a leader in the care of patients with 
advanced lung disease. 
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training at the University of Minnesota Affiliated Hospitals and 
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San Francisco.  Currently he is the director of the UC San Diego Adult CF 
program, serves as the UCSD Pulmonary Critical Care Clinical Service 
Chief.  His research interests include CF airway inflammation and airway 
microbiome, CF related airway infection phage therapy, and is the UCSD 

site principal investigator for the COPD Gene Network.  He is Professor of Medicine at UC San 
Diego.   
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Alyssa Perez received her BA from Haverford College in 2007 with a 
major in Religion and minor in Spanish.  She completed her pre-medical 
requirements at the University of Pennsylvania in 2009.  She received her 
MD and graduated summa cum laude from Jefferson Medical College in 
2013.  She went to Brigham and Women's hospital for Internal Medicine 
Residency.  Following residency, she was the 3rd Nancy and Elliot 
Comenitz Fellow in Medical Education at Brigham and Women's Hospital.  
As part of this fellowship, she received her EdM from Harvard Graduate 

School of Education in 2017.  She is currently a third-year fellow in Pulmonary and Critical Care 
Medicine at the University of California San Francisco.  She is interested in cystic fibrosis and 
lung transplant and is currently spending a dedicated year of training in lung transplant and CF. 
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CF and Lung Transplant
Alyssa A. Perez MD, EdM 

Lung Transplant and Advanced Lung Disease Fellow 

University of California, San Francisco 
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The Case 

• A 24F with a history of CF (delta F508/1717‐1‐G‐T) 
diagnosed at age 2 (FEV1 0.77L, 25% predicted)

• At age 11, she had her first hospitalization 

• At age 12, she was diagnosed with Mycobacterium 
Abscessus and has been on/off antibiotic therapy 
since this time 

• She requires frequent antibiotics for pseudomonas 

• She developed dyspnea about 5 years ago 

The Case 

• She has trouble maintaining her weight and had a 
PEG placed this year for supplemental tube feeds. 

• BMI currently 19

• At age 24, she developed a spontaneous 
pneumothorax with persistent air leak requiring 
VATS with pleurodesis and bleb resection 

• She started supplemental oxygen following the 
pneumothorax 

3
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When should patients with CF be 
referred for Lung Transplant (LTx)? 

What are the contraindications to 
LTx in this patient? 
• A: BMI

• B: She is too early for lung transplant 

• C: M abscessus infection 

• D: History of pleurodesis 

• E: No absolute contraindications 

5
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What are the contraindications to 
LTx in this patient? 
• A: BMI

• B: She is too early for lung transplant 

• C: M abscessus infection 

• D: History of pleurodesis 

• E: No absolute contraindications 

Lung Transplant and M Abscessus 

7
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Care of CF patients after LTx

Conclusions

9
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Questions? 

• Alyssa.Perez@ucsf.edu

11
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