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BY NEIL OSTERWEIL

To see the harmful effects of climate change
firsthand, you need look no farther than 
the nearest pulmonary clinic.

The causes and effects are unmistakable: pol-
len storms leading to allergy sufferers flooding 
into allergists’ offices; rising air pollution levels 
increasing risk for obstructive airway diseases, 
cardiopulmonary complications, and non–small 
cell lung cancer; melting snowpacks and atmo-
spheric rivers inundating neighborhoods and 
leaving moldy debris and incipient fungal infec-
tions in their wake.

“The reason why we think climate change is 
going to change the type of disease patterns and 

the severity of illness that we see in patients with 
respiratory diseases is that it changes a lot of the 
environment as well as the exposures,” said  
Bathmapriya Balakrishnan, BMedSci, BMBS, 
from the section of Pulmonary, Critical Care, 
and Sleep Medicine in the department of medi-
cine at West Virginia University, Morgantown.

“What we’re going to see is not just new dis-
eases but also exacerbation of chronic diseases, 
things like asthma [and] COPD. And there’s also 
concern that patients who are otherwise healthy, 
because they now have more exposures that are 
due to climate change, can then develop these 
diseases,” she said in an interview.

Ms. Balakrishnan is the lead author of a 
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Perioperative 
durvalumab for 
NSCLC: Practice 
changing?
BY NEIL OSTERWEIL

Systemic therapy prior to surgery has
been slow to catch on in the treatment of 
patients with resectable non–small cell 

lung cancer (NSCLC), primarily out of concern 
that neoadjuvant therapy could delay surgery or 
render patients ineligible for resection.

That may change, however, in light of new 
data from the phase 3 AEGEAN trial.

AEGEAN showed that neoadjuvant immu-
notherapy with durvalumab (Imfinzi) and che-
motherapy followed by adjuvant durvalumab 
was associated with significant improvements in 
pathologic complete response rates and event-
free survival, compared with neoadjuvant pla-
cebo plus chemotherapy followed by adjuvant 
placebo, and it did not affect patients’ ability to 
undergo surgery.

The event-free survival benefit among patients 
who received durvalumab translated to a 32% 
reduction in the risk of recurrence, recurrence 
precluding definitive surgery, or death, accord-
ing to John V. Heymach, MD, who reported in 
an oral abstract session at the annual meeting of 

DURVALUMAB // continued on page 6
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NUCALA is indicated for the add-on maintenance treatment of adult and pediatric patients aged 6 years and older with severe 
asthma and with an eosinophilic phenotype. NUCALA is not indicated for the relief of acute bronchospasm  or status asthmaticus.

CONTRAINDICATIONS
NUCALA should not be administered to patients with a history of 
hypersensitivity to mepolizumab or excipients in the formulation.

WARNINGS AND PRECAUTIONS
Hypersensitivity Reactions
Hypersensitivity reactions (eg, anaphylaxis, angioedema, 
bronchospasm, hypotension, urticaria, rash) have occurred 
with NUCALA. These reactions generally occur within hours 
of administration but can have a delayed onset (ie, days). If a 
hypersensitivity reaction occurs, discontinue NUCALA.

Acute Asthma Symptoms or Deteriorating Disease
NUCALA should not be used to treat acute asthma symptoms, 
acute exacerbations, or acute bronchospasm.

INDICATION

IMPORTANT SAFETY INFORMATION
Opportunistic Infections: Herpes Zoster
In controlled clinical trials, 2 serious adverse reactions of herpes 
zoster occurred with NUCALA compared to none with placebo. 
Consider vaccination if medically appropriate.

Reduction of Corticosteroid Dosage
Do not discontinue systemic or inhaled corticosteroids 
abruptly upon initiation of therapy with NUCALA. Decreases in 
corticosteroid doses, if appropriate, should be gradual and under 
the direct supervision of a physician. Reduction in corticosteroid 
dose may be associated with systemic withdrawal symptoms 
and/or unmask conditions previously suppressed by systemic 
corticosteroid therapy.

WARNINGS AND PRECAUTIONS (cont’d) 
Parasitic (Helminth) Infection
Treat patients with pre-existing helminth infections before 
initiating therapy with NUCALA. If patients become infected 
while receiving NUCALA and do not respond to anti-helminth 
treatment, discontinue NUCALA until infection resolves.

ADVERSE REACTIONS
In clinical trials in patients receiving NUCALA, the most 
common adverse reactions (≥5%) were headache, injection 
site reaction, back pain, and fatigue. Systemic reactions, 
including hypersensitivity, also occurred. Manifestations 
included rash, pruritus, headache, myalgia, and fl ushing; 
the majority were experienced the day of dosing.

USE IN SPECIFIC POPULATIONS
A pregnancy exposure registry monitors pregnancy 
outcomes in women exposed to NUCALA 
during pregnancy. To enroll call 1-877-311-8972 or visit 
www.mothertobaby.org/asthma.

The data on pregnancy exposures are insu�  cient to inform 
on drug-associated risk. Monoclonal antibodies, such as 
mepolizumab, are transported across the placenta in a linear 
fashion as the pregnancy progresses; therefore, potential 
e� ects on a fetus are likely to be greater during the second 
and third trimesters.

IMPORTANT SAFETY INFORMATION (cont’d)

REFERENCES: 1. Ortega HG, Liu MC, Pavord ID, et al. 
Mepolizumab treatment in patients with severe eosinophilic 
asthma. N Engl J Med. 2014;371(13):1198-1207. 2. Data on fi le, GSK.

Please see Brief Summary of Prescribing Information for NUCALA on the following pages.

©2023 GSK or licensor.
MPLJRNA220010 January 2023
Produced in USA.

Trademarks are owned by or licensed to the 
GSK group of companies.

Exacerbation reduction for SEA patients with NUCALA

See why NUCALA is BATTLE TESTED 
at Nucala4SEA.com

Real-world study design: 2-year, single-arm, prospective, observational, cohort study assessing e� ectiveness/safety of 
NUCALA every 4 weeks in 822 adults with SEA initiated on NUCALA. Data collected prospectively at usual appointments; 1 
year of prior medical data collected retrospectively at enrollment from medical records and patient recall. Baseline visit was 
fi rst administration of NUCALA. Safety: At 2 years (N=822): 27% discontinued NUCALA (2% due to an AE; 9% lack of e�  cacy; 
15% other). AEs (N=823): drug-related AEs 11%, serious AEs <1%, and most common AE was headache (4%). Limitations: Real-
world studies are designed to evaluate associations among variables and not to defi nitively establish causality. Limitations 
important when interpreting results: no comparator arm; di� erences in patient populations and data collection vs randomized 
controlled trials.2

Trial 2 design: 32-week study comparing NUCALA to placebo, each added to SOC,§ in 576 patients aged ≥12 years with SEA.

*Defi ned as worsening of asthma requiring: systemic corticosteroids or hospitalization or emergency department visit; or at least double the 
existing maintenance systemic corticosteroid dose for ≥3 days.

†1-year analysis model. 
‡2-year analysis model.
§Defi ned as regular treatment with high-dose ICS and ≥1 other controller with or without OCS.
AE=adverse event; CI=confi dence interval; ICS=inhaled corticosteroid; OCS=oral corticosteroid; SEA=severe eosinophilic asthma; SOC=standard 
of care.

Assessed vs 1-year† pre-exposure period (baseline), N=821. Results are descriptive.

post-exposure (N=820) post-exposure (N=820)
AT 1 YEAR† AT 2 YEARS‡

71% 74%
Primary Objective: Secondary Objective:

1.24/year vs baseline 4.29/year 
Rate ratio 0.29 (95% CI: 0.26, 0.32)

1.11/year vs baseline 4.29/year 
Rate ratio 0.26 (95% CI: 0.24, 0.29)

REDUCTIONREDUCTION

REAL-WORLD STUDY: EXACERBATION* DATA OUT TO 2 YEARS2

Trial 2 (pivotal study): Exacerbations*/year at Week 32: NUCALA, 0.83 vs placebo, 1.74 (P<0.001, primary endpoint). 
53% reduction in exacerbations vs placebo.1

BATTLE TESTED 
IN EOS DISEASE
Backed by real-world and clinical trial 
evidence—NUCALA protects SEA 
patients from exacerbations
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NUCALA (mepolizumab) for injection, for subcutaneous use 
NUCALA (mepolizumab) injection, for subcutaneous use 
The following is a brief summary only and is focused on the indication for maintenance treatment of severe 
asthma with an eosinophilic phenotype. See full prescribing information for complete product information.

1  INDICATIONS AND USAGE
1.1 Maintenance Treatment of Severe Asthma 
NUCALA is indicated for the add-on maintenance treatment of adult and pediatric patients aged 6 years  
and older with severe asthma and with an eosinophilic phenotype [see Use in Specific Populations (8.4)  
and Clinical Studies (14.1) of full prescribing information]. 
Limitation of Use
NUCALA is not indicated for the relief of acute bronchospasm or status asthmaticus.

4  CONTRAINDICATIONS
NUCALA is contraindicated in patients with a history of hypersensitivity to mepolizumab or excipients in the 
formulation [see Warnings and Precautions (5.1) and Description (11) of full prescribing information].

5  WARNINGS AND PRECAUTIONS 
5.1 Hypersensitivity Reactions 
Hypersensitivity reactions (e.g., anaphylaxis, angioedema, bronchospasm, hypotension, urticaria, rash) have 
occurred following administration of NUCALA. These reactions generally occur within hours of administration, 
but in some instances can have a delayed onset (i.e., days). In the event of a hypersensitivity reaction, NUCALA 
should be discontinued [see Contraindications (4)]. 

5.2  Acute Asthma Symptoms or Deteriorating Disease 
NUCALA should not be used to treat acute asthma symptoms or acute exacerbations. Do not use NUCALA 
to treat acute bronchospasm or status asthmaticus. Patients should seek medical advice if their asthma 
remains uncontrolled or worsens after initiation of treatment with NUCALA. 

5.3  Opportunistic Infections: Herpes Zoster 
Herpes zoster has occurred in patients receiving NUCALA 100 mg in controlled clinical trials [see Adverse 
Reactions (6.1)]. Consider vaccination if medically appropriate.

5.4  Reduction of Corticosteroid Dosage 
Do not discontinue systemic or inhaled corticosteroids (ICS) abruptly upon initiation of therapy with 
NUCALA. Reductions in corticosteroid dosage, if appropriate, should be gradual and performed 
under the direct supervision of a physician. Reduction in corticosteroid dosage may be associated 
with systemic withdrawal symptoms and/or unmask conditions previously suppressed by systemic 
corticosteroid therapy.

5.5  Parasitic (Helminth) Infection 
Eosinophils may be involved in the immunological response to some helminth infections. Patients with known 
parasitic infections were excluded from participation in clinical trials. It is unknown if NUCALA will influence 
a patient’s response against parasitic infections. Treat patients with pre-existing helminth infections before 
initiating therapy with NUCALA. If patients become infected while receiving treatment with NUCALA and do 
not respond to anti-helminth treatment, discontinue treatment with NUCALA until infection resolves.

6  ADVERSE REACTIONS 
The following adverse reactions are described in greater detail in other sections: 
• Hypersensitivity reactions [see Warnings and Precautions (5.1)] 
• Opportunistic infections: herpes zoster [see Warnings and Precautions (5.3)]
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the 
clinical trials of a drug cannot be directly compared with rates in the clinical trials of another drug and may 
not reflect the rates observed in practice.

6.1 Clinical Trials Experience in Severe Asthma 
Adult and Adolescent Patients Aged 12 Years and Older 
A total of 1,327 patients with severe asthma were evaluated in 3 randomized, placebo-controlled, multicenter 
trials of 24 to 52 weeks’ duration (Trial 1, NCT01000506; Trial 2, NCT01691521; and Trial 3, NCT01691508). 
Of these, 1,192 had a history of 2 or more exacerbations in the year prior to enrollment despite regular use of 
high-dose ICS plus additional controller(s) (Trials 1 and 2), and 135 patients required daily oral corticosteroids 
(OCS) in addition to regular use of high-dose ICS plus additional controller(s) to maintain asthma control (Trial 
3). All patients had markers of eosinophilic airway inflammation [see Clinical Studies (14.1) of full prescribing 
information]. Of the patients enrolled, 59% were female, 85% were White, and ages ranged from  
12 to 82 years. Mepolizumab was administered subcutaneously or intravenously once every 4 weeks. 
Serious adverse events that occurred in more than 1 patient and in a greater percentage of patients receiving 
NUCALA 100 mg (n = 263) than placebo (n = 257) included 1 event, herpes zoster (2 patients vs. 0 patients, 
respectively). Approximately 2% of patients receiving NUCALA 100 mg withdrew from clinical trials due to 
adverse events compared with 3% of patients receiving placebo. 
The incidence of adverse reactions in the first 24 weeks of treatment in the 2 confirmatory efficacy and 
safety trials (Trials 2 and 3) with NUCALA 100 mg is shown in Table 1.
Table 1. Adverse Reactions with NUCALA with ≥3% Incidence and More  
Common than Placebo in Patients with Severe Asthma (Trials 2 and 3)

Adverse Reaction

NUCALA
(Mepolizumab 100 mg 

Subcutaneous)
(n = 263)

%

Placebo
(n = 257)

%

Headache 19 18

Injection site reaction 8 3

Back pain 5 4

Fatigue 5 4

Influenza 3 2

Urinary tract infection 3 2

Abdominal pain upper 3 2

Pruritus 3 2

Eczema 3 <1

Muscle spasms 3 <1

52-Week Trial: Adverse reactions from Trial 1 with 52 weeks of treatment with mepolizumab 75 mg 
intravenous (IV) (n = 153) or placebo (n = 155) and with ≥3% incidence and more common than placebo and 
not shown in Table 1 were: abdominal pain, allergic rhinitis, asthenia, bronchitis, cystitis, dizziness, dyspnea, 
ear infection, gastroenteritis, lower respiratory tract infection, musculoskeletal pain, nasal congestion, 
nasopharyngitis, nausea, pharyngitis, pyrexia, rash, toothache, viral infection, viral respiratory tract infection, 
and vomiting. In addition, 3 cases of herpes zoster occurred in patients receiving mepolizumab 75 mg IV 
compared with 2 patients in the placebo group.

Systemic Reactions, including Hypersensitivity Reactions: In Trials 1, 2, and 3 described above, the 
percentage of patients who experienced systemic (allergic and non-allergic) reactions was 3% in the group 
receiving NUCALA 100 mg and 5% in the placebo group. Systemic allergic/hypersensitivity reactions were 
reported by 1% of patients in the group receiving NUCALA 100 mg and 2% of patients in the placebo group. 
The most commonly reported manifestations of systemic allergic/hypersensitivity reactions reported in the 
group receiving NUCALA 100 mg included rash, pruritus, headache, and myalgia. Systemic non-allergic 
reactions were reported by 2% of patients in the group receiving NUCALA 100 mg and 3% of patients in the 
placebo group. The most commonly reported manifestations of systemic non-allergic reactions reported 
in the group receiving NUCALA 100 mg included rash, flushing, and myalgia. A majority of the systemic 
reactions in patients receiving NUCALA 100 mg (5/7) were experienced on the day of dosing.
Injection Site Reactions: Injection site reactions (e.g., pain, erythema, swelling, itching, burning sensation) 
occurred at a rate of 8% in patients receiving NUCALA 100 mg compared with 3% in patients receiving placebo.
Long-term Safety: Nine hundred ninety-eight patients received NUCALA 100 mg in ongoing open-label 
extension studies, during which additional cases of herpes zoster were reported. The overall adverse event 
profile has been similar to the asthma trials described above.
Pediatric Patients Aged 6 to 11 Years  
The safety data for NUCALA is based upon 1 open-label clinical trial that enrolled 36 patients with severe 
asthma aged 6 to 11 years. Patients received 40 mg (for those weighing <40 kg) or 100 mg (for those 
weighing ≥40 kg) of NUCALA administered subcutaneously once every 4 weeks. Patients received NUCALA 
for 12 weeks (initial short phase). After a treatment interruption of 8 weeks, 30 patients received NUCALA for 
a further 52 weeks (long phase). The adverse reaction profile for patients aged 6 to 11 years was similar to 
that observed in patients aged 12 years and older.

6.5  Immunogenicity 
In adult and adolescent patients with severe asthma receiving NUCALA 100 mg, 15/260 (6%) had detectable 
anti-mepolizumab antibodies. Neutralizing antibodies were detected in 1 patient with asthma receiving 
NUCALA 100 mg. Anti-mepolizumab antibodies slightly increased (approximately 20%) the clearance of 
mepolizumab. There was no evidence of a correlation between anti-mepolizumab antibody titers and change 
in eosinophil level. The clinical relevance of the presence of anti-mepolizumab antibodies is not known. In 
the clinical trial of children aged 6 to 11 years with severe asthma receiving NUCALA 40 or 100 mg, 2/35 
(6%) had detectable anti-mepolizumab antibodies during the initial short phase of the trial. No children had 
detectable anti-mepolizumab antibodies during the long phase of the trial.
The reported frequency of anti-mepolizumab antibodies may underestimate the actual frequency due to 
lower assay sensitivity in the presence of high drug concentration. The data reflect the percentage of patients 
whose test results were positive for antibodies to mepolizumab in specific assays. The observed incidence 
of antibody positivity in an assay is highly dependent on several factors, including assay sensitivity and 
specificity, assay methodology, sample handling, timing of sample collection, concomitant medications,  
and underlying disease.

6.6  Postmarketing Experience 
In addition to adverse reactions reported from clinical trials, the following adverse reactions have been 
identified during postapproval use of NUCALA. Because these reactions are reported voluntarily from a 
population of uncertain size, it is not always possible to reliably estimate their frequency or establish a causal 
relationship to drug exposure. These events have been chosen for inclusion due to either their seriousness, 
frequency of reporting, or causal connection to NUCALA or a combination of these factors.
Immune System Disorders 
Hypersensitivity reactions, including anaphylaxis.

7  DRUG INTERACTIONS 
Formal drug interaction trials have not been performed with NUCALA.

8  USE IN SPECIFIC POPULATIONS 
8.1  Pregnancy 
Pregnancy Exposure Registry 
There is a pregnancy exposure registry that monitors pregnancy outcomes in women with asthma exposed 
to NUCALA during pregnancy. Healthcare providers can enroll patients or encourage patients to enroll 
themselves by calling 1-877-311-8972 or visiting www.mothertobaby.org/asthma.
Risk Summary 
The data on pregnancy exposure are insufficient to inform on drug-associated risk. Monoclonal antibodies, 
such as mepolizumab, are transported across the placenta in a linear fashion as pregnancy progresses; 
therefore, potential effects on a fetus are likely to be greater during the second and third trimester of 
pregnancy. In a prenatal and postnatal development study conducted in cynomolgus monkeys, there was no 
evidence of fetal harm with IV administration of mepolizumab throughout pregnancy at doses that produced 
exposures up to approximately 9 times the exposure at the maximum recommended human dose (MRHD) of  
300 mg subcutaneous (see Data). 
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
Clinical Considerations 
Disease-Associated Maternal and/or Embryofetal Risk: In women with poorly or moderately controlled 
asthma, evidence demonstrates that there is an increased risk of preeclampsia in the mother and prematurity, 
low birth weight, and small for gestational age in the neonate. The level of asthma control should be closely 
monitored in pregnant women and treatment adjusted as necessary to maintain optimal control.
Data 
Animal Data: In a prenatal and postnatal development study, pregnant cynomolgus monkeys received 
mepolizumab from gestation Days 20 to 140 at doses that produced exposures up to approximately 9 times 
that achieved with the MRHD (on an ACU basis with maternal IV doses up to 100 mg/kg once every 4 weeks). 
Mepolizumab did not elicit adverse effects on fetal or neonatal growth (including immune function) up to  
9 months after birth. Examinations for internal or skeletal malformations were not performed. Mepolizumab 
crossed the placenta in cynomolgus monkeys. Concentrations of mepolizumab were approximately 2.4 times 
higher in infants than in mothers up to Day 178 postpartum. Levels of mepolizumab in milk were ≤0.5% of 
maternal serum concentration.
In a fertility, early embryonic, and embryofetal development study, pregnant CD-1 mice received an analogous 
antibody, which inhibits the activity of murine interleukin-5 (IL-5), at an IV dose of 50 mg/kg once per week 
throughout gestation. The analogous antibody was not teratogenic in mice. Embryofetal development of 
IL-5–deficient mice has been reported to be generally unaffected relative to wild-type mice.

8.2  Lactation 
Risk Summary 
There is no information regarding the presence of mepolizumab in human milk, the effects on the breastfed 
infant, or the effects on milk production. However, mepolizumab is a humanized monoclonal antibody (IgG1 
kappa), and immunoglobulin G (IgG) is present in human milk in small amounts. Mepolizumab was present 
in the milk of cynomolgus monkeys postpartum following dosing during pregnancy [see Use in Specific 
Populations (8.1)]. The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for NUCALA and any potential adverse effects on the breastfed infant from 
mepolizumab or from the underlying maternal condition.

8.4  Pediatric Use 
The safety and effectiveness of NUCALA for severe asthma, and with an eosinophilic phenotype, have been 
established in pediatric patients aged 6 years and older. 
Use of NUCALA in adolescents aged 12 to 17 years is supported by evidence from adequate and  
well-controlled trials in adults and adolescents. A total of 28 adolescents aged 12 to 17 years with 
severe asthma were enrolled in the Phase 3 asthma trials. Of these, 25 were enrolled in the 32-week 
exacerbation trial (Trial 2, NCT01691521) and had a mean age of 14.8 years. Patients had a history of  
2 or more exacerbations in the previous year despite regular use of medium- or high-dose ICS plus 
additional controller(s) with or without OCS and had blood eosinophils of ≥150 cells/mcL at screening  
or ≥300 cells/mcL within 12 months prior to enrollment. [See Clinical Studies (14.1) of full prescribing 
information.] Patients had a reduction in the rate of exacerbations that trended in favor of NUCALA. 
 

8.4  Pediatric Use (cont’d)  
Of the 19 adolescents who received NUCALA, 9 received 100 mg and the mean apparent clearance in 
these patients was 35% less than that of adults. The safety profile observed in adolescents was generally 
similar to that of the overall population in the Phase 3 studies [see Adverse Reactions (6.1)]. 
Use of NUCALA in pediatric patients aged 6 to 11 years with severe asthma, and with an eosinophilic phenotype, 
is supported by evidence from adequate and well-controlled trials in adults and adolescents with additional 
pharmacokinetic, pharmacodynamic, and safety data in children aged 6 to 11 years. A single, open-label clinical 
trial (NCT02377427) was conducted in 36 children aged 6 to 11 years (mean age: 8.6 years, 31% female) with 
severe asthma. Enrollment criteria were the same as for adolescents in the 32-week exacerbation trial (Trial 
2). Based upon the pharmacokinetic data from this trial, a dose of 40 mg subcutaneous every 4 weeks was 
determined to have similar exposure to adults and adolescents administered a dose of 100 mg subcutaneous 
[see Clinical Pharmacology (12.3) of full prescribing information]. 
The effectiveness of NUCALA in pediatric patients aged 6 to 11 years is extrapolated from efficacy in 
adults and adolescents with support from pharmacokinetic analyses showing similar drug exposure 
levels for 40 mg administered subcutaneously every 4 weeks in children aged 6 to 11 years compared 
with adults and adolescents [see Clinical Pharmacology (12.3) of full prescribing information]. The safety 
profile and pharmacodynamic response observed in this trial for children aged 6 to 11 years were similar 
to that seen in adults and adolescents [see Adverse Reactions (6.1), Clinical Pharmacology (12.2) of full 
prescribing information].
The safety and effectiveness in pediatric patients aged younger than 6 years with severe asthma have not 
been established.

8.5  Geriatric Use 
Clinical trials of NUCALA did not include sufficient numbers of patients aged 65 years and older that received 
NUCALA (n = 79) to determine whether they respond differently from younger patients. Other reported clinical 
experience has not identified differences in responses between the elderly and younger patients. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of the dosing range, 
reflecting the greater frequency of decreased hepatic, renal, or cardiac function and of concomitant disease 
or other drug therapy. Based on available data, no adjustment of the dosage of NUCALA in geriatric patients 
is necessary, but greater sensitivity in some older individuals cannot be ruled out.

10  OVERDOSAGE 
There is no specific treatment for an overdose with mepolizumab. If overdose occurs, the patient should be 
treated supportively with appropriate monitoring as necessary.

17  PATIENT COUNSELING INFORMATION   
Advise the patient to read the FDA-approved patient labeling (Patient Information and Instructions for Use).
Hypersensitivity Reactions 
Inform patients that hypersensitivity reactions (e.g., anaphylaxis, angioedema, bronchospasm, hypotension, 
urticaria, rash) have occurred after administration of NUCALA. Instruct patients to contact their physicians if 
such reactions occur. 
Not for Acute Symptoms or Deteriorating Disease 
Inform patients that NUCALA does not treat acute asthma symptoms or acute exacerbations. Inform patients to 
seek medical advice if their asthma remains uncontrolled or worsens after initiation of treatment with NUCALA.
Opportunistic Infections: Herpes Zoster 
Inform patients that herpes zoster infections have occurred in patients receiving NUCALA and where medically 
appropriate, inform patients that vaccination should be considered.
Reduction of Corticosteroid Dosage  
Inform patients to not discontinue systemic or inhaled corticosteroids except under the direct supervision of a 
physician. Inform patients that reduction in corticosteroid dose may be associated with systemic withdrawal 
symptoms and/or unmask conditions previously suppressed by systemic corticosteroid therapy.
Pregnancy Exposure Registry 
Inform women there is a pregnancy exposure registry that monitors pregnancy outcomes in women with 
asthma exposed to NUCALA during pregnancy and that they can enroll in the Pregnancy Exposure Registry by 
calling 1-877-311-8972 or by visiting www.mothertobaby.org/asthma [see Use in Specific Populations (8.1)].
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NUCALA (mepolizumab) for injection, for subcutaneous use 
NUCALA (mepolizumab) injection, for subcutaneous use 
The following is a brief summary only and is focused on the indication for maintenance treatment of severe 
asthma with an eosinophilic phenotype. See full prescribing information for complete product information.

1  INDICATIONS AND USAGE
1.1 Maintenance Treatment of Severe Asthma 
NUCALA is indicated for the add-on maintenance treatment of adult and pediatric patients aged 6 years  
and older with severe asthma and with an eosinophilic phenotype [see Use in Specific Populations (8.4)  
and Clinical Studies (14.1) of full prescribing information]. 
Limitation of Use
NUCALA is not indicated for the relief of acute bronchospasm or status asthmaticus.

4  CONTRAINDICATIONS
NUCALA is contraindicated in patients with a history of hypersensitivity to mepolizumab or excipients in the 
formulation [see Warnings and Precautions (5.1) and Description (11) of full prescribing information].

5  WARNINGS AND PRECAUTIONS 
5.1 Hypersensitivity Reactions 
Hypersensitivity reactions (e.g., anaphylaxis, angioedema, bronchospasm, hypotension, urticaria, rash) have 
occurred following administration of NUCALA. These reactions generally occur within hours of administration, 
but in some instances can have a delayed onset (i.e., days). In the event of a hypersensitivity reaction, NUCALA 
should be discontinued [see Contraindications (4)]. 

5.2  Acute Asthma Symptoms or Deteriorating Disease 
NUCALA should not be used to treat acute asthma symptoms or acute exacerbations. Do not use NUCALA 
to treat acute bronchospasm or status asthmaticus. Patients should seek medical advice if their asthma 
remains uncontrolled or worsens after initiation of treatment with NUCALA. 

5.3  Opportunistic Infections: Herpes Zoster 
Herpes zoster has occurred in patients receiving NUCALA 100 mg in controlled clinical trials [see Adverse 
Reactions (6.1)]. Consider vaccination if medically appropriate.

5.4  Reduction of Corticosteroid Dosage 
Do not discontinue systemic or inhaled corticosteroids (ICS) abruptly upon initiation of therapy with 
NUCALA. Reductions in corticosteroid dosage, if appropriate, should be gradual and performed 
under the direct supervision of a physician. Reduction in corticosteroid dosage may be associated 
with systemic withdrawal symptoms and/or unmask conditions previously suppressed by systemic 
corticosteroid therapy.

5.5  Parasitic (Helminth) Infection 
Eosinophils may be involved in the immunological response to some helminth infections. Patients with known 
parasitic infections were excluded from participation in clinical trials. It is unknown if NUCALA will influence 
a patient’s response against parasitic infections. Treat patients with pre-existing helminth infections before 
initiating therapy with NUCALA. If patients become infected while receiving treatment with NUCALA and do 
not respond to anti-helminth treatment, discontinue treatment with NUCALA until infection resolves.

6  ADVERSE REACTIONS 
The following adverse reactions are described in greater detail in other sections: 
• Hypersensitivity reactions [see Warnings and Precautions (5.1)] 
• Opportunistic infections: herpes zoster [see Warnings and Precautions (5.3)]
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the 
clinical trials of a drug cannot be directly compared with rates in the clinical trials of another drug and may 
not reflect the rates observed in practice.

6.1 Clinical Trials Experience in Severe Asthma 
Adult and Adolescent Patients Aged 12 Years and Older 
A total of 1,327 patients with severe asthma were evaluated in 3 randomized, placebo-controlled, multicenter 
trials of 24 to 52 weeks’ duration (Trial 1, NCT01000506; Trial 2, NCT01691521; and Trial 3, NCT01691508). 
Of these, 1,192 had a history of 2 or more exacerbations in the year prior to enrollment despite regular use of 
high-dose ICS plus additional controller(s) (Trials 1 and 2), and 135 patients required daily oral corticosteroids 
(OCS) in addition to regular use of high-dose ICS plus additional controller(s) to maintain asthma control (Trial 
3). All patients had markers of eosinophilic airway inflammation [see Clinical Studies (14.1) of full prescribing 
information]. Of the patients enrolled, 59% were female, 85% were White, and ages ranged from  
12 to 82 years. Mepolizumab was administered subcutaneously or intravenously once every 4 weeks. 
Serious adverse events that occurred in more than 1 patient and in a greater percentage of patients receiving 
NUCALA 100 mg (n = 263) than placebo (n = 257) included 1 event, herpes zoster (2 patients vs. 0 patients, 
respectively). Approximately 2% of patients receiving NUCALA 100 mg withdrew from clinical trials due to 
adverse events compared with 3% of patients receiving placebo. 
The incidence of adverse reactions in the first 24 weeks of treatment in the 2 confirmatory efficacy and 
safety trials (Trials 2 and 3) with NUCALA 100 mg is shown in Table 1.
Table 1. Adverse Reactions with NUCALA with ≥3% Incidence and More  
Common than Placebo in Patients with Severe Asthma (Trials 2 and 3)

Adverse Reaction

NUCALA
(Mepolizumab 100 mg 

Subcutaneous)
(n = 263)

%

Placebo
(n = 257)

%

Headache 19 18

Injection site reaction 8 3

Back pain 5 4

Fatigue 5 4

Influenza 3 2

Urinary tract infection 3 2

Abdominal pain upper 3 2

Pruritus 3 2

Eczema 3 <1

Muscle spasms 3 <1

52-Week Trial: Adverse reactions from Trial 1 with 52 weeks of treatment with mepolizumab 75 mg 
intravenous (IV) (n = 153) or placebo (n = 155) and with ≥3% incidence and more common than placebo and 
not shown in Table 1 were: abdominal pain, allergic rhinitis, asthenia, bronchitis, cystitis, dizziness, dyspnea, 
ear infection, gastroenteritis, lower respiratory tract infection, musculoskeletal pain, nasal congestion, 
nasopharyngitis, nausea, pharyngitis, pyrexia, rash, toothache, viral infection, viral respiratory tract infection, 
and vomiting. In addition, 3 cases of herpes zoster occurred in patients receiving mepolizumab 75 mg IV 
compared with 2 patients in the placebo group.

Systemic Reactions, including Hypersensitivity Reactions: In Trials 1, 2, and 3 described above, the 
percentage of patients who experienced systemic (allergic and non-allergic) reactions was 3% in the group 
receiving NUCALA 100 mg and 5% in the placebo group. Systemic allergic/hypersensitivity reactions were 
reported by 1% of patients in the group receiving NUCALA 100 mg and 2% of patients in the placebo group. 
The most commonly reported manifestations of systemic allergic/hypersensitivity reactions reported in the 
group receiving NUCALA 100 mg included rash, pruritus, headache, and myalgia. Systemic non-allergic 
reactions were reported by 2% of patients in the group receiving NUCALA 100 mg and 3% of patients in the 
placebo group. The most commonly reported manifestations of systemic non-allergic reactions reported 
in the group receiving NUCALA 100 mg included rash, flushing, and myalgia. A majority of the systemic 
reactions in patients receiving NUCALA 100 mg (5/7) were experienced on the day of dosing.
Injection Site Reactions: Injection site reactions (e.g., pain, erythema, swelling, itching, burning sensation) 
occurred at a rate of 8% in patients receiving NUCALA 100 mg compared with 3% in patients receiving placebo.
Long-term Safety: Nine hundred ninety-eight patients received NUCALA 100 mg in ongoing open-label 
extension studies, during which additional cases of herpes zoster were reported. The overall adverse event 
profile has been similar to the asthma trials described above.
Pediatric Patients Aged 6 to 11 Years  
The safety data for NUCALA is based upon 1 open-label clinical trial that enrolled 36 patients with severe 
asthma aged 6 to 11 years. Patients received 40 mg (for those weighing <40 kg) or 100 mg (for those 
weighing ≥40 kg) of NUCALA administered subcutaneously once every 4 weeks. Patients received NUCALA 
for 12 weeks (initial short phase). After a treatment interruption of 8 weeks, 30 patients received NUCALA for 
a further 52 weeks (long phase). The adverse reaction profile for patients aged 6 to 11 years was similar to 
that observed in patients aged 12 years and older.

6.5  Immunogenicity 
In adult and adolescent patients with severe asthma receiving NUCALA 100 mg, 15/260 (6%) had detectable 
anti-mepolizumab antibodies. Neutralizing antibodies were detected in 1 patient with asthma receiving 
NUCALA 100 mg. Anti-mepolizumab antibodies slightly increased (approximately 20%) the clearance of 
mepolizumab. There was no evidence of a correlation between anti-mepolizumab antibody titers and change 
in eosinophil level. The clinical relevance of the presence of anti-mepolizumab antibodies is not known. In 
the clinical trial of children aged 6 to 11 years with severe asthma receiving NUCALA 40 or 100 mg, 2/35 
(6%) had detectable anti-mepolizumab antibodies during the initial short phase of the trial. No children had 
detectable anti-mepolizumab antibodies during the long phase of the trial.
The reported frequency of anti-mepolizumab antibodies may underestimate the actual frequency due to 
lower assay sensitivity in the presence of high drug concentration. The data reflect the percentage of patients 
whose test results were positive for antibodies to mepolizumab in specific assays. The observed incidence 
of antibody positivity in an assay is highly dependent on several factors, including assay sensitivity and 
specificity, assay methodology, sample handling, timing of sample collection, concomitant medications,  
and underlying disease.

6.6  Postmarketing Experience 
In addition to adverse reactions reported from clinical trials, the following adverse reactions have been 
identified during postapproval use of NUCALA. Because these reactions are reported voluntarily from a 
population of uncertain size, it is not always possible to reliably estimate their frequency or establish a causal 
relationship to drug exposure. These events have been chosen for inclusion due to either their seriousness, 
frequency of reporting, or causal connection to NUCALA or a combination of these factors.
Immune System Disorders 
Hypersensitivity reactions, including anaphylaxis.

7  DRUG INTERACTIONS 
Formal drug interaction trials have not been performed with NUCALA.

8  USE IN SPECIFIC POPULATIONS 
8.1  Pregnancy 
Pregnancy Exposure Registry 
There is a pregnancy exposure registry that monitors pregnancy outcomes in women with asthma exposed 
to NUCALA during pregnancy. Healthcare providers can enroll patients or encourage patients to enroll 
themselves by calling 1-877-311-8972 or visiting www.mothertobaby.org/asthma.
Risk Summary 
The data on pregnancy exposure are insufficient to inform on drug-associated risk. Monoclonal antibodies, 
such as mepolizumab, are transported across the placenta in a linear fashion as pregnancy progresses; 
therefore, potential effects on a fetus are likely to be greater during the second and third trimester of 
pregnancy. In a prenatal and postnatal development study conducted in cynomolgus monkeys, there was no 
evidence of fetal harm with IV administration of mepolizumab throughout pregnancy at doses that produced 
exposures up to approximately 9 times the exposure at the maximum recommended human dose (MRHD) of  
300 mg subcutaneous (see Data). 
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
Clinical Considerations 
Disease-Associated Maternal and/or Embryofetal Risk: In women with poorly or moderately controlled 
asthma, evidence demonstrates that there is an increased risk of preeclampsia in the mother and prematurity, 
low birth weight, and small for gestational age in the neonate. The level of asthma control should be closely 
monitored in pregnant women and treatment adjusted as necessary to maintain optimal control.
Data 
Animal Data: In a prenatal and postnatal development study, pregnant cynomolgus monkeys received 
mepolizumab from gestation Days 20 to 140 at doses that produced exposures up to approximately 9 times 
that achieved with the MRHD (on an ACU basis with maternal IV doses up to 100 mg/kg once every 4 weeks). 
Mepolizumab did not elicit adverse effects on fetal or neonatal growth (including immune function) up to  
9 months after birth. Examinations for internal or skeletal malformations were not performed. Mepolizumab 
crossed the placenta in cynomolgus monkeys. Concentrations of mepolizumab were approximately 2.4 times 
higher in infants than in mothers up to Day 178 postpartum. Levels of mepolizumab in milk were ≤0.5% of 
maternal serum concentration.
In a fertility, early embryonic, and embryofetal development study, pregnant CD-1 mice received an analogous 
antibody, which inhibits the activity of murine interleukin-5 (IL-5), at an IV dose of 50 mg/kg once per week 
throughout gestation. The analogous antibody was not teratogenic in mice. Embryofetal development of 
IL-5–deficient mice has been reported to be generally unaffected relative to wild-type mice.

8.2  Lactation 
Risk Summary 
There is no information regarding the presence of mepolizumab in human milk, the effects on the breastfed 
infant, or the effects on milk production. However, mepolizumab is a humanized monoclonal antibody (IgG1 
kappa), and immunoglobulin G (IgG) is present in human milk in small amounts. Mepolizumab was present 
in the milk of cynomolgus monkeys postpartum following dosing during pregnancy [see Use in Specific 
Populations (8.1)]. The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for NUCALA and any potential adverse effects on the breastfed infant from 
mepolizumab or from the underlying maternal condition.

8.4  Pediatric Use 
The safety and effectiveness of NUCALA for severe asthma, and with an eosinophilic phenotype, have been 
established in pediatric patients aged 6 years and older. 
Use of NUCALA in adolescents aged 12 to 17 years is supported by evidence from adequate and  
well-controlled trials in adults and adolescents. A total of 28 adolescents aged 12 to 17 years with 
severe asthma were enrolled in the Phase 3 asthma trials. Of these, 25 were enrolled in the 32-week 
exacerbation trial (Trial 2, NCT01691521) and had a mean age of 14.8 years. Patients had a history of  
2 or more exacerbations in the previous year despite regular use of medium- or high-dose ICS plus 
additional controller(s) with or without OCS and had blood eosinophils of ≥150 cells/mcL at screening  
or ≥300 cells/mcL within 12 months prior to enrollment. [See Clinical Studies (14.1) of full prescribing 
information.] Patients had a reduction in the rate of exacerbations that trended in favor of NUCALA. 
 

8.4  Pediatric Use (cont’d)  
Of the 19 adolescents who received NUCALA, 9 received 100 mg and the mean apparent clearance in 
these patients was 35% less than that of adults. The safety profile observed in adolescents was generally 
similar to that of the overall population in the Phase 3 studies [see Adverse Reactions (6.1)]. 
Use of NUCALA in pediatric patients aged 6 to 11 years with severe asthma, and with an eosinophilic phenotype, 
is supported by evidence from adequate and well-controlled trials in adults and adolescents with additional 
pharmacokinetic, pharmacodynamic, and safety data in children aged 6 to 11 years. A single, open-label clinical 
trial (NCT02377427) was conducted in 36 children aged 6 to 11 years (mean age: 8.6 years, 31% female) with 
severe asthma. Enrollment criteria were the same as for adolescents in the 32-week exacerbation trial (Trial 
2). Based upon the pharmacokinetic data from this trial, a dose of 40 mg subcutaneous every 4 weeks was 
determined to have similar exposure to adults and adolescents administered a dose of 100 mg subcutaneous 
[see Clinical Pharmacology (12.3) of full prescribing information]. 
The effectiveness of NUCALA in pediatric patients aged 6 to 11 years is extrapolated from efficacy in 
adults and adolescents with support from pharmacokinetic analyses showing similar drug exposure 
levels for 40 mg administered subcutaneously every 4 weeks in children aged 6 to 11 years compared 
with adults and adolescents [see Clinical Pharmacology (12.3) of full prescribing information]. The safety 
profile and pharmacodynamic response observed in this trial for children aged 6 to 11 years were similar 
to that seen in adults and adolescents [see Adverse Reactions (6.1), Clinical Pharmacology (12.2) of full 
prescribing information].
The safety and effectiveness in pediatric patients aged younger than 6 years with severe asthma have not 
been established.

8.5  Geriatric Use 
Clinical trials of NUCALA did not include sufficient numbers of patients aged 65 years and older that received 
NUCALA (n = 79) to determine whether they respond differently from younger patients. Other reported clinical 
experience has not identified differences in responses between the elderly and younger patients. In general, 
dose selection for an elderly patient should be cautious, usually starting at the low end of the dosing range, 
reflecting the greater frequency of decreased hepatic, renal, or cardiac function and of concomitant disease 
or other drug therapy. Based on available data, no adjustment of the dosage of NUCALA in geriatric patients 
is necessary, but greater sensitivity in some older individuals cannot be ruled out.

10  OVERDOSAGE 
There is no specific treatment for an overdose with mepolizumab. If overdose occurs, the patient should be 
treated supportively with appropriate monitoring as necessary.

17  PATIENT COUNSELING INFORMATION   
Advise the patient to read the FDA-approved patient labeling (Patient Information and Instructions for Use).
Hypersensitivity Reactions 
Inform patients that hypersensitivity reactions (e.g., anaphylaxis, angioedema, bronchospasm, hypotension, 
urticaria, rash) have occurred after administration of NUCALA. Instruct patients to contact their physicians if 
such reactions occur. 
Not for Acute Symptoms or Deteriorating Disease 
Inform patients that NUCALA does not treat acute asthma symptoms or acute exacerbations. Inform patients to 
seek medical advice if their asthma remains uncontrolled or worsens after initiation of treatment with NUCALA.
Opportunistic Infections: Herpes Zoster 
Inform patients that herpes zoster infections have occurred in patients receiving NUCALA and where medically 
appropriate, inform patients that vaccination should be considered.
Reduction of Corticosteroid Dosage  
Inform patients to not discontinue systemic or inhaled corticosteroids except under the direct supervision of a 
physician. Inform patients that reduction in corticosteroid dose may be associated with systemic withdrawal 
symptoms and/or unmask conditions previously suppressed by systemic corticosteroid therapy.
Pregnancy Exposure Registry 
Inform women there is a pregnancy exposure registry that monitors pregnancy outcomes in women with 
asthma exposed to NUCALA during pregnancy and that they can enroll in the Pregnancy Exposure Registry by 
calling 1-877-311-8972 or by visiting www.mothertobaby.org/asthma [see Use in Specific Populations (8.1)].
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the American Association for Can-
cer Research.

“Perioperative durvalumab plus 
neoadjuvant chemotherapy is a 
potential new treatment for patients 
with resectable non–small cell lung 
cancer,” said Dr. Heymach, chair 
of thoracic/head and neck medical 
oncology at the University of Texas 
MD Anderson Cancer Center in 
Houston.

The AEGEAN findings confirm 
the benefits of neoadjuvant immu-
notherapy that were first seen on a 
large scale in the 
Checkmate 816 
study, which was 
reported at last 
year’s AACR annual 
meeting.

In CHECKMATE 
e 816, adding the 
immune check-
point inhibitor 
nivolumab along 
with chemotherapy 
in the neoadjuvant 
setting resulted 
in significantly longer event-free 
survival and a 14-fold greater like-
lihood of a pathologic complete 
response compared with chemo-
therapy alone.

“I’m impressed by the fact that we 
now have a second study that shows 
the benefits of immunotherapy in 
the neoadjuvant setting, along with 
several adjuvant studies,” the invited 
discussant, Roy S. Herbst, MD, PhD, 
deputy director of the Yale Cancer 
Center, New Haven, Conn., said in 
an interview. 

“There’s no doubt that in early 
lung cancer – resectable disease – 
immunotherapy is part of the equa-
tion,” he added.

For the current study, Dr.  
Heymach and colleagues recruited 
802 patients from 222 sites in North 
and South America, Europe, and 

Asia. The patients had NSCLC and 
were treatment-naive, regardless of 
programmed cell death–ligand-1  
(PD-L1) expression.

After excluding patients with 
targetable EGFR/ALK alterations, 
the team randomly allocated 740 
patients who had good perfor-
mance status (ECOG 0 or 1) to 
receive either neoadjuvant chemo-
immunotherapy plus adjuvant 
immunotherapy or neoadjuvant 
chemotherapy alone. Overall, 
77.6% of patients in the treatment 

arm and 76.7% 
of patients in 
the placebo arm 
underwent surgery 
following neoadju-
vant therapy.

At the trial’s first 
planned interim 
analysis, for 
patients assigned 
to preoperative 
durvalumab plus 
platinum-based 
chemotherapy 

and postoperative durvalumab, 
the 12-month event-free survival 
rate was 73.4%, compared with 
64.5% for patients who received 
chemotherapy alone before and 
placebo after surgery (stratified P = 
.003902).

The other endpoint, pathologic 
complete response, was observed in 
17.2% of patients in the durvalumab 
arm, vs. 4.3% in the control arm 
– a 13% difference (P = .000036). 
Major pathologic responses, a sec-
ondary efficacy endpoint, were seen 
in 33.3% and 12.3% of patients, 
respectively.

The benefits of durvalumab were 
consistent across all subgroups, 
including those based on age at ran-
domization, sex, performance status, 
race, smoking, histology (squamous 

“There’s no doubt that 
in early lung cancer 

 – resectable disease – 
 immunotherapy 

is part of 
the equation.”
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Russell Miller, MD, comments: The preliminary
results from the AEGEAN trial are indeed a prom-
ising development for those involved in cancer 
care. After the groundbreaking results from the 
CHECKMATE 816 study, there might have been 
some doubt due to the extraordinary outcomes 
being observed in just one trial. 

However, the AEGEAN trial, which replaced 
nivolumab with durvalumab, strengthens the 
belief that immunotherapy, when combined 
appropriately with conventional chemotherapy, can have a sig-
nificant effect on the treatment of high-risk, potentially operable 
lung cancers. 

The repeated positive results from both trials provide addi-
tional evidence of the potential advantages of using neoadjuvant 
immunotherapy in the battle against lung cancer.
Dr. Miller is a member of the CHEST Physician Editorial Board. 

DURVALUMAB continued on following page
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comprehensive, evidence-based review focused 
on the effects of climate change and air pollution 
across the spectrum of pulmonary disorders. 
The review is published online ahead of print in 
the journal Chest (2023 Apr 10. doi: 10.1016/j.
chest.2023.04.009).

“As pulmonologists, understanding and 
improving awareness of the adverse effects of 
climate change and air pollution are crucial 
steps. To inform health care providers of evi-
dence-based methods and improve patient coun-
selling, further research regarding measures that 
limit exposure is needed. Empowering patients 
with resources to monitor air quality and min-
imize exposure is a key preventative measure 
for decreasing morbidity and mortality while 
improving quality of  life,” Ms. Balakrishnan and 
colleagues write.

Similarly, in a statement on the effects of cli-
mate change on respiratory health, the American 
Public Health Association succinctly summarized 

the problem: “Warmer temperatures lead to an 
increase in pollutants and allergens. Poor air 
quality leads to reduced lung function, increased 
risk of asthma complications, heart attacks, heart 
failure, and death. Air pollution and allergens 
are the main exposures affecting lung and heart 
health in this changing climate.”

Early spring
Stanley Fineman, MD, MBA, a past president 
of the American College of Allergy, Asthma, & 
Immunology and an allergist in private practice 
in Atlanta, has seen firsthand how global warm-
ing and an earlier start to spring allergy season is 
affecting his patients.

“The season, at least in our area metro Atlanta, 
started earlier and has been lasting longer. The 
pollen counts are very high,” he told this news 
organization.

“In February we started seeing pollen counts 
over 1,000 [grams per cubic meter], which is 
unheard of, and in March about half the days we 
counted levels that were over 1,000, which is also 
unheard of. In April it was over 1,000 almost half 
the days.”

Dr. Fineman and colleagues both in Atlanta 
and across the country have reported sharp 
increases in the proportion of new adult patients 
and in existing patients who have experienced 
exacerbation of previously mild disease.

“Probably what’s happened is that they may 
have had some allergic sensitivity that resulted in 
milder manifestations, but this year they’re get-
ting major manifestations,” Dr. Fineman said.

In a 2014 article in the journal European 
Respiratory Review (Jun;23[132]:161-9), Genn-
aro D’Amato, MD, from High Speciality Hospital 
Antonio Cardarelli, Naples, Italy, and colleagues 
outlined the main effects of climate on pollen 
levels: “1) an increase in plant growth and faster 
plant growth; 2) an increase in the amount of 
pollen produced by each plant; 3) an increase in 
the amount of allergenic proteins contained in 
pollen; 4) an increase in the start time of plant 
growth and, therefore, the start of pollen produc-
tion; 5) an earlier and longer pollen season; 6) 
change in the geospatial distribution of pollen, 
that is plant ranges and long-distance atmo-
spheric transport moving polewards,” they write.

Bad air
In addition to pollen, the ambient air in many 
places is increasingly becoming saturated with 
bioallergenic proteins such as bacteria, viruses, 
animal dander, insects, molds, and plant species, 
Ms. Balakrishnan and colleagues noted. Adding 
that “atmospheric levels of carbon dioxide have 
also been found to increase pollen productivity. 
These changes result in greater over-the-counter 
medication use, emergency department visits, 
and outpatient visits for respiratory illnesses.”

The rash of violent storms that has washed over 
much of the United States in recent months is 
also likely to increase the incidence of so-called 
“thunderstorm asthma,” caused when large quan-
tities of respirable particulate matter are released 
before or during a thunderstorm.

Air pollution from the burning of carbon-based 
fuels and from wildfires sparked by hotter and 
drier conditions increase airborne particulate 
matter that can seriously exacerbate asthma, 
COPD, and other obstructive airway conditions.

In addition, exposure to particulate matter 
has been implicated as a possible cause of non–
small cell lung cancer in persons who have never 
smoked.

Critical care challenges
Among the myriad other effects of climate 
change postulated in evidence enumerated by 
Ms. Balakrishnan and colleagues are chest infec-
tions and pleural diseases, such as aspergillosis 
infections that occur after catastrophic flooding; 

increased incidence of Mycobacterium avium 
complex infections and hypersensitivity pneu-
monitis; increased demands on critical care spe-
cialists from natural disasters; pollution-induced 
cardiac arrest; and heat prostration and heat 
stroke from increasingly prevalent heat waves.

The reviewers also examined evidence suggest-
ing links between climate change and pulmonary 
hypertension, interstitial lung disease, sleep dis-
orders, and occupational pulmonary disorders.

Power to the patients
“Pulmonologists should counsel patients on ways 
to minimize outdoor and indoor pollution, using 
tight-fitting respirators and home air-purifying 
systems without encroaching on patients’ beliefs 
and choices,” the authors advise.

“Empowering patients with resources to monitor 
air quality daily, in inclement weather, and during 
disasters would help minimize exposure and thus 
improve overall health. The pulmonologist can 
play an important role in emphasizing the impact 
of climate change on pulmonary disorders during 
patient care encounters,” they write.

Ms. Balakrishan adds that another important 
mitigation measure that can be taken today is 
education.

“In medical school we don’t really learn about 
the impact of climate change – at least in my 
generation of physicians, climate change or global 
warming weren’t part of the medical curriculum 
– but now I think that there’s a lot of advocacy 
work being done by medical students who actu-
ally want more education on climate change and 
its effects on pulmonary diseases,” she said.

The study by Ms. Balakrishnan and colleagues 
was unfunded. Ms. Balakrishnan reports no rel-
evant financial relationships. Co-author Mary-
Beth Scholand, MD, has received personal fees 
from serving on advisory boards and speakers 
bureaus for Genentech, Boehringer Ingelheim, 
Veracyte, and United Therapeutics. Co-author 
Sean Callahan, MD, has received personal fees 
for serving on advisory boards for Gilead and 
Boehringer Ingelheim. Dr. Fineman reports no 
relevant financial relationships. ■

Climate change  // continued from page 1

“Empowering patients with resources 
to monitor air quality daily, in 

inclement weather, and during disasters 
would help minimize exposure and 

thus improve overall health.”

Image shows hydrated and de-hydrated pollen 
grains (Stellaria graminea), a common allergen.
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vs. nonsquamous), disease stage, 
baseline PD-L1 expression, and 
planned neoadjuvant agent.

The safety profile of durvalumab 
plus chemotherapy was manageable, 
and the addition of durvalumab did 
not affect patients’ ability to com-
plete four cycles of neoadjuvant che-
motherapy, Dr. Heymach said.

Are these data practice changing?
Dr. Herbst gave a “resounding 

‘Yes.’ ”
But while the AEGEAN protocol 

represents a new standard of care, it 
can’t yet be labeled the standard of 
care, Dr. Herbst explained.

Dr. Herbst emphasized that, 
because this regimen was not com-
pared against the current standard 

of care, it’s “impossible to deter-
mine” whether this is indeed the 
new standard.

“The data are early, and addi-
tional maturity is needed to better 
understand the benefit of the extra 
adjuvant therapy, and we’ll await the 
survival results,” he said.

It will also be important to ana-
lyze why some patients have only 

minor responses with the addition 
of durvalumab and whether there 
are resistance mechanisms at play 
for these patients. That would be 
a great setting “to start to test new 
therapies in a personalized way,” Dr. 
Herbst said.

Dr. Heymach and Dr. Herbst dis-
closed ties to AstraZeneca, which 
funded the study. ■
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BY AARON B. HOLLEY, MD, FCCP

If you’re looking for it, you’ll find fatigue 
almost everywhere. It’s so common that it 
hides in plain sight, never dealt with because 

it’s present for good reason: the inevitable conse-
quence of age, whatever disease you’re treating, 
poor lifestyle choices, and the daily grind of 
21st–century life. Its impact is so ubiquitous and 
pernicious that it’s considered 
acceptable.

Is it though? After all, fatigue 
can be debilitating. Not every 
symptom is worthy of a chronic 
syndrome bearing its name. Fur-
thermore, what if its relationship 
to the disease you’re treating is 
bidirectional? What if we actu-
ally paid attention, asked about 
it, and expended energy trying 
to relieve it? Could we improve 
quality of life and other out-
comes too?

Outside of sleep medicine, I see little focus on 
fatigue among pulmonologists. This despite the 
existing data on fatigue related to sarcoidosis, 
chronic obstructive pulmonary disease (COPD), 
and interstitial lung disease. Even when we do pay 
it lip service, “addressing” fatigue or sleep is essen-
tially a euphemism for ordering a sleep study.

As with fatigue, if you look for obstructive 
sleep apnea, it’ll be there, although with OSA, it’s 
related to the incredibly low, nonevidence-based 
threshold the American Academy of Sleep Med-
icine has established for making the diagnosis. 
With continuous positive airway pressure (CPAP) 
in hand, the patient has a new disease to worry 
about and a difficult behavioral change (wearing, 
cleaning, and resupplying their CPAP equipment) 
to make. Too often, the CPAP isn’t used – or is – 
and the fatigue persists. But it’s okay, because we 

followed somebody’s guideline.
The American Thoracic Society just published 

a research statement on cancer-related fatigue. It 
is comprehensive and highlights the high prev-
alence and poor recognition of cancer-related 
fatigue. The authors note that, among cancers, 
those of the lung are associated with a higher 
comorbid disease burden, older age, and cigarette 
smoking. All these factors make patients with 

lung cancer particularly prone 
to fatigue. Interactions between 
these factors, lung cancer histol-
ogy, and specific chemotherapy 
regimens are poorly understood. 
True to its title, the “research 
statement” serves more as a call 
to action than an evidence-based 
blueprint for diagnosis and 
management.

The cancer-related fatigue data 
that do exist suggest treatment 
starts with recognition followed 

by a focus on sleep, exercise, and nutrition. This 
should surprise no one. The data on fatigue in 
general (not specific to cancer-related fatigue) 
show that, although fatigue is not synonymous 
with poor quality or insufficient sleep, sleep is 
usually a major factor. The cancer-related condi-
tions affecting sleep include anxiety, depression, 
insufficient sleep, insomnia, medication side 
effects, and OSA. The intersecting web is com-
plex, but across underlying conditions (cancer or 
otherwise), the quickest most efficient method 
for mitigating fatigue is optimizing sleep.

Exercise and nutrition are also important. 
Again, across disease processes (interstitial lung 
disease, COPD, lung cancer, and so on), no drug 
comes close to aerobic exercise for reducing 
symptoms, including fatigue. If an exercise pre-
scription could be delivered in pill-form, it’d be 
a blockbuster. But it can’t be, and the ATS lung 

cancer–related fatigue research statement nicely 
outlines the evidence for increased activity levels 
and the barriers to obtaining support and com-
pliance. As is the case with exercise, support for 
improving nutrition is limited by cost, access, and 
patient education.

Perhaps most importantly, sleep, exercise, 
and nutrition require time for counseling and a 
behavior change for the physician and patient. 
Both are in short supply, and commitment is 
always ephemeral. Incentivization could perhaps 
be re-structured, but the ATS document notes 
this will be challenging. With respect to pulmo-
nary rehabilitation (about 50% of patients with 
lung cancer have comorbid COPD), for example, 
reimbursement is poor, which serves as a disin-
centive. Their suggestions? Early integration and 
repeated introduction to rehabilitation and exer-
cise concepts. Sounds great.

In summary, in my opinion, fatigue doesn’t 
receive the attention level commensurate with 
its impact. It’s easy to understand why, but 
I’m glad the ATS is highlighting the problem. 
Unbeknownst to me, multiple cancer guidelines 
already recommend screening for fatigue. The 
recent sarcoidosis treatment guideline published 
by the European Respiratory Society dedicated a 
PICO (Patients, Intervention, Comparison, Out-
comes) to the topic and recommended exercise 
(pulmonary rehabilitation). That said, consensus 
statements on COPD mention it only in passing 
in relation to severe disease and end-of-life care, 
and idiopathic pulmonary fibrosis guidelines 
ignore it entirely. So, recognition is improving, 
but we’ve got ways to go. ■

COMMENTARY 

Fatigue is a monster for patients 
with pulmonary disease

Dr. Holley is professor of 
medicine at Uniformed 
Services University, 
Bethesda, Md., and a pul-
monary/sleep and critical 
care medicine physician at 
MedStar Washington Hos-
pital Center in Washing-
ton. He disclosed ties with 
Metapharm, CHEST, and 
WebMD.

PULMONOLOGY

General, abdominal obesity linked to respiratory disease
BY TERRY L. KAMPS, PHD

A recent Swedish study found 
that both abdominal and 
general obesity were inde-

pendently associated with respira-
tory illnesses, including asthma and 
self-reported chronic obstructive 
pulmonary disease.

Relationships between respiratory 
conditions with characterized obe-
sity types in adults were assessed 
using self-report surveys from par-
ticipants originally enrolled in the 
European Community Respiratory 
Health Survey (ECRHS) investigat-
ing asthma, allergy, and risk factors. 
The Respiratory Health in Northern 

Europe (RHINE) III provides a sec-
ond follow-up substudy of ECRHS 
focused on two forms of obesity 
associated with respiratory illnesses.

Obesity is a characteristic risk 
factor linked to respiratory ailments 
such as asthma and COPD. High 
body mass index (BMI) and waist 
circumference (WC) provide quan-
titative measurements for defining 
conditions of comprehensive general 
and abdominal obesity, respectively.

Although both types of obesity 
have been associated with asthma 
incidence, studies on their indepen-
dent impact on this disease have 
been limited. Previous reports on 
abdominal obesity associated with 

asthma have been inconsistent when 
considering sexes in the analysis. 
Additionally, COPD and related 
outcomes differed between abdomi-
nal and general obesity, indicating a 
need to discover whether self- 
reported WC abdominal obesity and 
BMI-based general obesity are inde-
pendently associated with respira-
tory symptoms, early- and late-onset 
asthma, COPD, chronic bronchitis, 
rhinitis, and sex, Marta A. Kisiel, 
MD, PhD, of the department of 
environmental and occupational 
medicine, Uppsala University, Swe-
den, and colleagues write.

In a prospective study published 
in the journal Respiratory Medicine 

(2023 Mar 16. doi: 10.1016/j.rmed. 
2023.107213). the researchers 
report on a cross-sectional inves-
tigation of responses to a ques-
tionnaire similar to one utilized 
10 years earlier in the RHINE II 
study. Questions required simple 
yes/no responses that covered 
asthma, respiratory symptoms, 
allergic rhinitis, chronic bronchitis, 
and COPD. Additional requested 
information included age of asthma 
onset, potential confounding vari-
ables of age, smoking, physical 
activity, and highest education 
level, weight and height for BMI 
calculation, and WC measurement 

Sleep, exercise, and 
nutrition require time 
for counseling and a 

behavior change for the 
physician and patient. 

Both are in short supply, 
and commitment is 
always ephemeral.
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with instructions and a provided tape measure.
The population of the RHINE III study con-

ducted from 2010 to 2012 was composed of 
12,290 participants (53% response frequency) 
obtained from a total of seven research centers 
located in five northern European countries. 
Obesity categorization classified 
1,837 (6.7%) participants as gen-
erally obese based on a high BMI 
≥ 30 kg/m2 and 4,261 (34.7%) as 
abdominally obese by WC mea-
surements of ≥ 102 cm for men 
and ≥ 88 cm for women. Of the 
4,261 total participants, 1,669 met 
both general and abdominal obe-
sity criteria. Mean age was in the 
low 50s range and the obese pop-
ulation consisted of more women 
than men.

Simple linear regression revealed that BMI and 
WC were highly correlated, and both were asso-
ciated with tested respiratory conditions when 
adjusted for confounding variables. Differences 
with respect to WC and BMI were independently 

associated with most of the examined respiratory 
conditions when WC was adjusted for BMI and 
vice versa. Neither early-onset asthma nor aller-
gic rhinitis were associated with WC, BMI, or 
abdominal or general obesity.

A significantly high proportion of individuals 
with general and abdominal obesity experienced 

a variety of defined respira-
tory symptoms, and asthma, 
chronic bronchitis, or COPD. 
An independent association 
of abdominal obesity (with or 
without general obesity) was 
found to occur with respiratory 
symptoms, asthma, late-onset 
asthma, and chronic bronchitis.

After adjusting for abdominal 
obesity, general obesity showed 
an independent and significant 
association with respiratory 

symptoms, asthma, adult-onset asthma, and 
COPD. An analysis stratified by sex indicated 
a significant association of abdominal and gen-
eral obesity with asthma in women presented as 
an odds ratio of 1.56 (95% confidence interval, 

1.30-1.87) and 1.95 (95% CI, 1.56-2.43), respec-
tively, compared with men, with an OR of 1.22 
(95% CI, 0.97-3.17) and 1.28 (95% CI, 0.97-1.68), 
respectively. The association of abdominal and 
general obesity with COPD was also stronger in 
women, compared with men.

The researchers conclude that “both general 
and abdominal obesity [were], independent of 
each other, associated with respiratory symp-
toms in adults.” There is also a distinct difference 
between women and men for the association of 
self-reported asthma and COPD with abdominal 
and general obesity.

The large randomly selected sample size of 
participants from research centers located in five 
northern European countries was considered 
a major strength of this study as it permitted 
simultaneous adjustment for multiple potential 
confounders. Several limitations were acknowl-
edged, including absence of data on obstructive 
respiratory disease severity, WC measurements 
not being performed by trained staff, and self-re-
ported height and weight measurements.

The authors have disclosed no relevant finan-
cial relationships. ■

BY MEGAN BROOKS

People with asthma have an 
elevated risk for a variety of 
cancers other than lung can-

cer, including melanoma as well as 
blood, kidney, and ovarian cancers, 
new research suggests.

But, the authors found, treatment 
with an inhaled ste-
roid may lower that 
risk, perhaps by 
keeping inflamma-
tion in check.

“Using real-world 
data, our study is 
the first to provide 
evidence of a pos-
itive association 
between asthma 
and cancer risk 
in United States 
patients,” Yi Guo, PhD, with the 
University of Florida, Gainesville, 
said in a news release.

The study was published online in 
Cancer Medicine (2023 Mar 31. doi: 
10.1002/cam4.5875).

The relationship between chronic 
inflammation and cancer remains 
a key area of exploration in cancer 
etiology. Data show that the risk 
for developing cancer is higher in 
patients with chronic inflammatory 
diseases, and patients with asthma 
have complex and chronic inflam-
mation. However, prior studies 
exploring a possible link between 
asthma and cancer have yielded 
mixed results.

To investigate further, Dr. Guo 

and colleagues analyzed electronic 
health records and claims data in 
the OneFlorida+ clinical research 
network for roughly 90,000 adults 
with asthma and a matched cohort 
of about 270,000 adults without 
asthma.

Multivariable analysis revealed 
that adults with asthma were more 

likely to develop 
cancer, compared 
with peers without 
asthma (hazard 
ratio, 1.36), the 
investigators found.

Adults with 
asthma had an 
elevated cancer 
risk for 5 of the 13 
cancers assessed, 
including mela-
noma (HR, 1.98), 

ovarian cancer (HR, 1.88), lung  
cancer (HR, 1.56), kidney cancer 
(HR, 1.48), and blood cancer (HR, 
1.26).

Compared with adults without 
asthma, those with asthma who did 
not treat it with an inhaled steroid 
had a more pronounced overall can-
cer risk, compared with those who 
were on an inhaled steroid (HR, 
1.60 vs. 1.11).

For specific cancer types, the risk 
was elevated for 9 of 13 cancers in 
patients with asthma not taking an 
inhaled steroid: prostate (HR, 1.50), 
lung (HR, 1.74), colorectal (HR, 
1.51), blood (HR, 1.44), melanoma 
(HR, 2.05), corpus uteri (HR, 1.76), 
kidney (HR, 1.52), ovarian (HR, 

2.31), and cervical (HR, 
1.46).

In contrast, in patients 
with asthma who did 
use an inhaled steroid, 
an elevated cancer 
risk was observed for 
only two cancers, lung 
cancer (HR, 1.39) and 
melanoma (HR, 1.92), 
suggesting a poten-
tial protective effect of 
inhaled steroid use on 
cancer, the researchers 
said.

Although prior studies 
have shown a protective 
effect of inhaled steroid 
use on some cancers, 
potentially by reduc-
ing inflammation, the 
“speculative nature of 
chronic inflammation 
(asthma as a common 
example) as a driver for 
pan-cancer development 
requires more investiga-
tion,” Dr. Guo and col-
leagues cautioned.

And because of the 
observational nature of the current 
study, Dr. Guo’s team stressed that 
these findings do not prove the 
presence of a causal relationship 
between asthma and cancer.

“More in-depth studies using 
real-word data are needed to further 
explore the causal mechanisms of 
asthma on cancer risk,” the research-
ers concluded.

Funding for the study was 

provided in part by grants to the 
researchers from the National 
Institutes of Health, National Can-
cer Institute, National Institute on 
Aging, and the Centers for Disease 
Control and Prevention.

This project was supported by the 
Cancer Informatics Shared Resource 
in the University of Florida Health 
Cancer Center. The authors have 
disclosed no conflicts of interest. ■

PULMONOLOGY

Asthma tied to increased risk for multiple cancers

The risk was elevated 
for 9 of 13 cancers in 

patients with asthma not 
taking an inhaled steroid: 
prostate, lung, colorectal, 

blood, melanoma, 
corpus uteri, kidney, 

ovarian, and cervical.

An independent association 
of abdominal obesity (with 
or without general obesity) 

was found to occur with 
respiratory symptoms, 

asthma, late-onset asthma, 
and chronic bronchitis.
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BY HEIDI SPLETE

Dysphagia treatment may be a way to reduce 
risk for chronic obstructive pulmonary 
disease (COPD) exacerbations, according 

to Yoshitaka Oku, MD, of Hyogo Medical Univer-
sity, Nishinomiya, Japan.

Gastroesophageal reflux disease (GERD) is 
known to be associated with exacerbations in 
COPD, but previous studies have shown little 
impact of standard GERD therapy on COPD 
exacerbations. However, additional research 
indicates that delayed swallowing contributes to 
COPD exacerbations, as reported in a research 
review.

In an article published in Respiratory 
Physiology & Neurobiology (doi:10.1016/j.
resp.2023.104061), Dr. Oku hypothesized that 
swallowing abnormalities are a confounding fac-
tor in the association between GERD and COPD 
exacerbation, and that counteracting swallowing 
disorders may reduce COPD exacerbations.

Swallowing disorder (dysphagia) is a common 
comorbidity in patients with COPD and has been 
reported at a 17%-20% greater prevalence in 
those with COPD, compared with controls, the 
researchers said.

Patients with COPD have altered swal-
lowing behavior because of several factors, 

including decreased maximal laryngeal ele-
vation, Dr. Oku said. Individuals with COPD 
“are also prone to laryngeal penetration and 
aspiration when swallowing large volumes of 
liquid and tend to follow an 
inspiratory-swallow-expira-
tory (I-SW-E) pattern when 
swallowing large volumes,” he 
explained.

Dr. Oku conducted prospec-
tive studies to investigate the 
impact of breathing-swallowing 
discoordination on COPD exac-
erbation. He found that discoor-
dination in swallowing patterns 
and the inability to produce 
airway protective mechanism 
(such as the I-SW-E pattern) may contribute to 
more frequent aspirations and more frequent 
exacerbations.

Dr. Oku also examined whether CPAP and 
bilevel positive airway pressure (BiPAP) might 
affect breathing-swallowing coordination in 
healthy controls and patients with COPD. He 
found a decrease in breathing-swallowing coor-
dination with CPAP, but not BiPAP, in both con-
trols and stable COPD patients.

“During BiPAP, a brief negative flow associated 
with relaxation of the pharyngeal constrictor 

muscle triggers inspiratory support, which results 
in the SW-I pattern,” Dr. Oku noted.

Dr. Oku also wrote that interferential current 
(IFC) has been used to stimulate muscles. Studies 

of transcutaneous electrical sen-
sory stimulation using IFC  
(IFC-TESS) as an intervention  
to improve swallowing have 
shown some success, and  
also may improve airway 
protection.

“However, its safety and effi-
cacy in patients with COPD 
remains unknown,” he wrote. 
Dr. Oku conducted a study of 
stable COPD patients and found 
that repeated salivary swallow 

test (RSST) scores improved significantly after an 
IFC-TESS intervention.

Breathing-swallowing discoordination may 
be an early indicator of swallowing disorder in 
COPD, and interventions can improve these dis-
orders, Dr. Oku added. However, more research 
is needed to explore whether interventions to 
improve dysphagia reduce the frequency of exac-
erbations in COPD patients, he concluded.

The study was supported by a grant from JSPS 
KAKENHI. Dr. Oku serves as a senior managing 
director at EuSense Medical. ■

COPD 

Improved swallowing may mitigate chronic 
obstructive pulmonary disease exacerbations

Swallowing disorder 
(dysphagia) is a common 
comorbidity in patients 

with COPD and has 
been reported at a 17%-
20% greater prevalence 

in those with COPD, 
compared with controls.
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LUNG CANCER 

New clues to how air pollution fuels the 
development of lung cancer in nonsmokers
BY MEGAN BROOKS

Air pollution may promote the 
growth of lung cancer in peo-
ple who have never smoked by 

activating normally inactive cells in 
the lung that harbor cancer-causing 
mutations, new research indicates.

“This work adds to our under-
standing of the mechanism by 
which air pollutants promote the 
earliest stages of lung cancer, par-
ticularly in people who have never 
smoked,” William Hill, PhD, co–first 
author and postdoctoral researcher 
at the Francis Crick Institute, Lon-
don, told this news organization.

The study, which assessed human 
lung samples and mouse cancer 
models, was published online in 
Nature (2023 Apr 5. doi: 10.1038/
s41586-023-05874-3).

Although smoking remains the 
chief risk factor for lung cancer, 
outdoor air pollution causes roughly 
1 in 10 cases of lung cancer in the 
United Kingdom, according to Can-
cer Research UK. In 2019, about 
300,000 lung cancer deaths around 
the world were attributed to expo-
sure to ambient particulate matter 
measuring ≤ 2.5 mcm (PM2.5).

While the link between air pollu-
tion and lung cancer is well known, 
the mechanism that explains this 
link has been harder to pinpoint.

One theory is that environmental 
carcinogens such as tobacco smoke 
and UV light cause mutations by 
damaging DNA directly. However, 
recent data have hinted that that 
may not be the case.

In the current study, Dr. Hill and 
colleagues proposed that, rather 
than act on DNA directly, air pollut-
ants might promote inflammatory 

changes in the lung tissue that wake 
up inactive cancer-causing muta-
tions, which accumulate naturally in 
these cells as people age. This idea 
lines up with a decades-old theory 
of cancer promotion, according to 
which tumorigenesis is a two-step 
process: The initial step induces 
mutations in healthy cells, after 
which a promoter step triggers can-
cer development.

The study team focused on epi-
dermal growth factor receptor 
(EGFR)–driven lung cancer, which 
is more common in never-smokers 
and light smokers, and on environ-
mental particulate matter measuring 
≤ 2.5 mcm (PM2.5), which is fine 
enough to travel into the lungs and 
is associated with lung cancer risk.

Dr. Hill and colleagues analyzed 
data from over 400,000 people in 
three countries. They compared 
rates of EGFR-mutant lung cancer 
cases in areas with different levels 
of PM2.5 pollution. The team found 
a significant association between 
PM2.5 levels and the incidence of 
lung cancer for 32,957 EGFR-driven 
lung cancer cases in England, South 

Korea, and Taiwan. The researchers 
then studied genetically engineered 
mouse models of lung adenocarci-
noma to determine whether partic-
ulate matter exposure could trigger 
the development of lung tumors. In 
these functional mouse models, air 
pollutants led to an influx of macro-
phages in the lung and the release of 
interleukin-1beta, a key mediator of 
the inflammatory response.

This process ultimately “fuels 
tumorigenesis,” the study team 
concluded. The team also found 
that treatment with an anti-inter-
leukin-1beta antibody during PM2.5 
exposure reduced lung cancer pro-
motion by air pollutants.

A detailed mutational profiling 
of histologically normal lung tissue 
from 295 individuals revealed onco-
genic EGFR and KRAS-driver muta-
tions in 18% and 53% of healthy 
tissue samples, respectively. Overall, 
“our data suggest a mechanistic and 
causative link between air pollutants 
and lung cancer,” the team wrote.

The study demonstrates that air 
pollution rouses cells in the lung 
that carry cancer-causing mutations, 

“encouraging them to grow and 
potentially form tumors,” Dr. Hill 
said. “Understanding the biology 
could help identify high-risk indi-
viduals and, in the future, may open 
avenues to prevent cancer caused by 
breathing polluted air.”

In a related article in Nature 
Genet. (doi:10.10.1038/s41588-020-
00727-5), Allan Balmain, PhD, of 
the University of California, San 
Francisco, said these results have 
“major implications for how to think 
about cancer prevention.”

“There is presently nothing that 
can be done to remove the mutated 
cells that accumulate in normal 
tissues, but if there is a promotion 
stage that influences the rate of can-
cer development, then inhibition of 
this stage might be an effective way 
to prevent cancer,” Dr. Balmain said.

Another prevention option, Dr. 
Hill noted, is to reduce the levels of 
air pollution. “Our study provides a 
mandate for the reduction of PM2.5 
emissions globally,” he said.

Dr. Hill also believes the findings 
may extend beyond lung cancer.

“It’s possible that this inflamma-
tory pathway could be involved in 
other types of cancer and that it 
could be triggered by other environ-
mental carcinogens,” he said. “But 
further research is needed to find 
out which other environmental car-
cinogens might trigger this pathway, 
as well as which other parts of the 
body this may occur in.”

Funding for the study was pro-
vided by Cancer Research UK, the 
European Research Council, and 
other noncommercial entities. A 
list of author disclosures is available 
with the original article. Dr. Balmain 
disclosed no financial conflicts. ■
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Mucus plugging phenotype associated with adverse features
BY WALTER ALEXANDER

In a study aimed at determining phenotypic 
associations of mucus plugging in moderate to 

severe asthma patients, those with mucus plug-
ging had worse lung function, more frequent 
severe exacerbations needing oral corticosteroids, 
and higher T2 biomarkers. 

Rory Chan, MBChB, of the University of 
Dundee (Scotland) and colleagues also found that 
the presence of these features was associated with 
an increased likelihood of mucus plugging (J 
Allergy Clin Immunol Pract. 2023;11:195-9). 

Mucus plugging contributes significantly to 
airway obstruction and death in acute asthma, 
the investigators stated, noting further that 
the understanding of mucus plugging’s role in 
chronic asthma is increasing.

Their retrospective cohort study included 126 
patients with respiratory physician-diagnosed 
moderate to severe asthma who attended their 
clinic (January 2016–March 2022) and were 
receiving daily doses of inhaled corticosteroid 
(ICS) (≥ 800 mcg) and a second-line controller. 
All had prior high-resolution CT (HRCT) scans 
with mucus plugs identified by an experienced 

thoracic radiologist. Prior to the start of biologic 
therapy, a mucus plug score (MPS) signifying 
the number of affected lung segments (0-20) was 
calculated and considered along with pulmo-
nary function testing, T2 inflammatory markers, 
asthma control data, and measures of peripheral 
blood eosinophils (PBE), as well as total IgG and 
IgE antibodies to Apergillus fumigatus.

The analysis showed that reduced forced expi-
ratory volume in 1 second (FEV1)/forced vital 
capacity (FVC) ratio (OR, 3.01), two or more 
exacerbations per year (OR, 5.00), raised PBE 

MUCUS continued on following page
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The number of cancer survivors who report 
functional limitation has more than dou-
bled in 20 years, according to a research 

letter published in JAMA Oncology (doi:10.1001/
jamaoncol.2023.1180).

Vishal Patel, BS, a student at the Dell Medi-
cal School at the University of Texas at Austin, 
and colleagues identified 51,258 cancer survi-
vors from the National Health 
Interview Survey, representing a 
weighted population of approx-
imately 178.8 million from 1999 
to 2018. 

Most survivors were women 
(60.2%) and were at least 65 
years old (55.4%). In 1999, 3.6 
million weighted survivors 
reported functional limitation. 
In 2018, the number increased to 
8.2 million, a 2.25-fold increase. 

The number of survivors who 
reported no limitations also 
increased, but not by as much. That group grew 
1.34-fold during the study period. 

For context, “the 70% prevalence of functional 
limitation among survivors in 2018 is nearly 
twice that of the general population,” the authors 
wrote.

Patients surveyed on function
Functional limitation was defined as “self-re-
ported difficulty performing any of 12 routine 
physical or social activities without assistance.” 
Examples of the activities included difficulty sit-
ting for more than 2 hours, difficulty participat-
ing in social activities or difficulty pushing or 
pulling an object the size of a living room chair.

Over the 2 decades analyzed, the adjusted prev-
alence of functional limitation was highest among 
survivors of pancreatic cancer (80.3%) and lung 
cancer (76.5%). Prevalence was lowest for sur-
vivors of melanoma (62.2%), breast (61.8%) and 
prostate (59.5%) cancers.

Not just a result of living longer 
Mr. Patel told this publication that one assump-
tion people might make when they read these 

results is that people are just 
living longer with cancer 
and losing functional ability 
accordingly.

“But, in fact, we found that 
the youngest [those less than 65 
years] actually contributed to 
this trend more than the oldest 
people, which means it’s not just 
[happening], because people are 
getting older,” he said.

Hispanic and Black individ-
uals had disproportionately 
higher increases in functional 

limitation; percentage point increases over the 2 
decades were 19.5 for Black people, 25.1 for His-
panic people, and 12.5 for White people. There 
may be a couple of reasons for that, Mr. Patel 
noted.

Those who are Black or Hispanic tend to have 
less access to cancer survivorship care for reasons 
including insurance status and historic health 
care inequities, he noted.

“The other potential reason is that they have 
had less access to cancer care historically. And if, 
20 years ago Black and Hispanic individuals didn’t 
have access to some chemotherapies, and now 
they do, maybe it’s the increased access to care 
that’s causing these functional limitations. Because 

chemotherapy can sometimes be very toxic. It 
may be sort of a catch-up toxicity,” he said.

Quality of life beyond survivorship
Mr. Patel said the results seem to call for build-
ing on improved survival rates by tracking and 
improving function.

“It’s good to celebrate that there are more survi-
vors. But now that we can keep people alive lon-
ger, maybe we can shift gears to improving their 
quality of life,” he said. 

The more-than-doubling of functional limita-
tions over 2 decades “is a very sobering trend,” he 
noted, while pointing out that the functional lim-
itations applied to 8 million people in the United 
States – people whose needs are not being met.

There’s no sign of the trend stopping, he con-
tinued. “We saw no downward trend, only an 
upward trend.” Increasingly, including functional-
ity as an endpoint in cancer trials, in addition to 
improvements in mortality, is one place to start, 
he added.

“Our findings suggest an urgent need for care 
teams to understand and address function, for 
researchers to evaluate function as a core out-
come in trials, and for health systems and policy 
makers to reimagine survivorship care, recog-
nizing the burden of cancer and its treatment on 
physical, psychosocial, and cognitive function,” 
the authors wrote in their paper.

Limitations of the study include the potential 
for recall bias, lack of cancer staging or treatment 
information, and the subjective perception of 
function.

A coauthor reported personal fees from Astel-
las, AstraZeneca, AAA, Blue Earth, and a variety  
of other pharm companies, as well as grants from 
Pfizer and Bayer during the conduct of the study. 
No other disclosures were reported. ■
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Number of cancer survivors with functional 
limitations doubled in 20 years

The more-than-doubling 
of functional limitations 

over 2 decades “is a 
very sobering trend .... 
There’s no sign of the 

trend stopping. We saw 
no downward trend, 

only an upward trend.”

(OR, 3.23), raised total IgE (OR, 
3.20), and Aspergillus fumigatus IgE 
titers (OR, 9.37) all conferred sig-
nificantly higher likelihood of the 
presence of mucus plugging. High-
est prevalence of mucus plugs was 
in the right and left lower lung lobes 
(about 26% vs. about 10% and 14% 
in the middle and upper lobes).

Adjusted ORs in patients with 
impaired FEV1/FVC showed the 
likelihood of mucus plugging to 
be 67% higher. In those with fre-
quent exacerbations, they were 80% 
higher, and in those with raised PBE 
and IgE, 69% higher. Patients with-
out mucus plugging had preserved 
FEV1 and FEV1/FVC.  

Asthma patients with mucus 
plugging in the study exhibited 
higher levels of routinely measured 
T2 biomarkers, including blood 
eosinophils, FeNO, and total IgE, 

with median values all exceeding 
traditionally accepted cut points. 
Although patients with mucus plug-
ging were receiving significantly 
higher ICS doses, and despite the 
suppressive effect of ICS on FeNO, 
they still had higher FeNO levels. 
“We therefore postulate that asthma 
patients with the MP phenotype 
might potentially experience greater 
treatment response to biologics tar-
geting the underlying inflammatory 
endotype,” the investigators stated, 
adding that “the presence of mucus 
plugging should be recognized as 
a treatable trait for patients with 
severe asthma in terms of targeting 
therapy with biologics.” 

They wrote that, “in a real-life 
clinic setting, the presence of 
mucus plugging detected on HRCT 
was associated with more severe 
exacerbations, more severe air-
flow obstruction, and greater T2 

inflammation. This, in turn, sug-
gests that imaging should be part of 
the routine workup of patients with 
poorly controlled severe asthma.”

In an accompanying editorial (J 
Allergy Clin Immunol Pract. 2023 
Feb;11[2]:527-8), Jorge Cedano, 
MD, Jiwoong Choi, PhD, and Mario 
Castro, MD, MPH, of the University 
of Kansas, Kansas City, said that 
the contribution of mucus plugging 
in the morbidity of uncontrolled 
asthma is much greater than appre-
ciated. They focused particularly 
on the suggestion that, even after 
adjusting for confounders, molds 
such as Apergillus may play a causal 
role, along with blood eosinophils, 
fractional exhaled nitric oxide, and 
total IgE, in T2 inflammation. 

While current biologic therapies 
targeting the T2 phenotype have 
not yet been shown to reverse the 
progressive loss of lung function or 

lung remodeling process, the edi-
torialists referenced a recent post 
hoc analysis of the CASCADE study 
showing mucus plugging reduction 
with the biologic tezepelumab ver-
sus placebo correlated with lung 
function improvement. “At least 20% 
of patients with moderate to severe 
asthma will experience progressive 
decline in lung function, more exac-
erbations, and worse asthma control 
despite the use of controller ther-
apies. If physicians could identify 
the MP phenotype using computed 
tomography, then potentially earlier 
treatment with biologic therapy may 
improve asthma control and prevent 
future decline in lung function.” 

Study authors cited numerous 
conflicts of interest with pharma-
ceutical companies. Dr. Castro 
reported affiliation or involvement 
in multiple entities with a financial 
interest in the subject discussed. ■
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For adults with excessive daytime sleepiness (EDS) in obstructive sleep apnea (OSA) or narcolepsy

SUNOSI, AXSOME, and its logos are trademarks or registered trademarks of Axsome 
Therapeutics, Inc. or its affi liates. 
© 2023 Axsome Therapeutics, Inc. All rights reserved.  PP-SUN-US-2300018  04/2023

INDICATION
SUNOSI is indicated to improve wakefulness in adults with excessive daytime sleepiness 
(EDS) associated with narcolepsy or obstructive sleep apnea (OSA). 

LIMITATIONS OF USE 
SUNOSI is not indicated to treat the underlying obstruction in OSA. Ensure that the 
underlying airway obstruction is treated (e.g., with continuous positive airway pressure 
(CPAP)) for at least one month prior to initiating SUNOSI. SUNOSI is not a substitute for these 
modalities, and the treatment of the underlying airway obstruction should be continued.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
SUNOSI is contraindicated in patients receiving concomitant treatment with monoamine 
oxidase inhibitors (MAOIs), or within 14 days following discontinuation of an MAOI, because of 
the risk of hypertensive reaction.

WARNINGS AND PRECAUTIONS
Blood Pressure and Heart Rate Increases
SUNOSI increases systolic blood pressure, diastolic blood pressure, and heart rate in a dose-
dependent fashion. Epidemiological data show that chronic elevations in blood pressure 
increase the risk of major adverse cardiovascular events (MACE), including stroke, heart 
attack, and cardiovascular death. The magnitude of the increase in absolute risk is dependent 
on the increase in blood pressure and the underlying risk of MACE in the population being 
treated. Many patients with narcolepsy and OSA have multiple risk factors for MACE, including 
hypertension, diabetes, hyperlipidemia, and high body mass index (BMI).

Assess blood pressure and control hypertension before initiating treatment with SUNOSI. 
Monitor blood pressure regularly during treatment and treat new-onset hypertension and 
exacerbations of pre-existing hypertension. Exercise caution when treating patients at higher 
risk of MACE, particularly patients with known cardiovascular and cerebrovascular disease, 
pre-existing hypertension, and patients with advanced age. Use caution with other drugs that 
increase blood pressure and heart rate.

Periodically reassess the need for continued treatment with SUNOSI. If a patient experiences 
increases in blood pressure or heart rate that cannot be managed with dose reduction of 
SUNOSI or other appropriate medical intervention, consider discontinuation of SUNOSI.

Patients with moderate or severe renal impairment could be at a higher risk of increases in 
blood pressure and heart rate because of the prolonged half-life of SUNOSI.

Psychiatric Symptoms
Psychiatric adverse reactions have been observed in clinical trials with SUNOSI, including 
anxiety, insomnia, and irritability.

Exercise caution when treating patients with SUNOSI who have a history of psychosis or 
bipolar disorders, as SUNOSI has not been evaluated in these patients. 

Patients with moderate or severe renal impairment may be at a higher risk of psychiatric 
symptoms because of the prolonged half-life of SUNOSI.

Observe SUNOSI patients for the possible emergence or exacerbation of psychiatric 
symptoms. Consider dose reduction or discontinuation of SUNOSI if psychiatric 
symptoms develop.

MOST COMMON ADVERSE REACTIONS 
The most common adverse reactions (incidence ≥5%) reported more frequently with the 
use of SUNOSI than placebo in either narcolepsy or OSA were headache, nausea, decreased 
appetite, anxiety, and insomnia.

Please see Brief Summary of full Prescribing Information on the following pages.

SUN HCP aISI 05/2022
† As seen in a 12-week randomized, multicenter, double-blind, placebo-controlled, parallel-group study of adult 
patients with OSA (n=459).1,2

‡  Median percent change from baseline to week 12 was calculated using the last observation carried forward and was 
not adjusted for covariates used in these primary endpoints. Seven patients were missing from baseline values and 
were not included in the calculations.1,2,3

§  The percentage of patients improved on the PGIC scale includes those who reported very much, much, and 
minimal improvement.2

References: 1. SUNOSI (solriamfetol) [prescribing information]. New York, NY: Axsome Therapeutics, Inc. 
2. Schweitzer PK, Rosenberg R, Zammit GK, et al. Solriamfetol for excessive sleepiness in obstructive sleep 
apnea (TONES 3): a randomized controlled trial. Am J Respir Crit Care Med. 2019;199(11):1421-1431. 3. Data 
on File (SOL-2020-086). New York, NY: Axsome Therapeutics, Inc. 4. Baladi MG, Forster MJ, Gatch MB, et al. 
Characterization of the neurochemical and behavioral effects of solriamfetol (JZP-110), a selective dopamine 
and norepinephrine reuptake inhibitor. J Pharmacol Exp Ther. 2018;366(2):367-376. 

*The 75 mg dose showed a trend toward improvement; however, this change 
was not statistically signifi cant for patients with narcolepsy.1

Once-daily SUNOSI is the fi rst and only WPA proven to 
improve wakefulness through 9 hours at week 121*

Proven results for patients with OSA taking SUNOSI 150 mg1†:

ARE YOUR PATIENTS READY TO 

PULL AN ALL-DAYER?1

Co-primary endpoint: LS mean change from baseline to week 12 in 
mean sleep latency during the MWT was 11.0 minutes for SUNOSI 150 mg 
vs 0.2 minutes for placebo.2

Co-primary endpoint: LS mean change from baseline to week 12 in ESS 
scores was -7.7 for SUNOSI 150 mg vs -3.3 for placebo.2 

82

52

90
The most common adverse reactions
(incidence ≥5% and greater than placebo) reported more frequently with 
SUNOSI were headache, nausea, decreased appetite, anxiety, and insomnia1

SUNOSI is the fi rst and only DNRI
approved for the treatment of EDS in OSA or narcolepsy1,4

Of patients reported feeling better 
 vs 49% on placebo at week 122§

Reduction in daytime sleepiness 
vs 15% on placebo at week 122,3‡

Increase in minutes of wakefulness 
vs 0% on placebo at week 122,3‡

FIND OUT HOW TO HELP YOUR PATIENTS ACHIEVE 
MORE DAYTIME WAKEFULNESS AT SUNOSIHCP.COM

DNRI=dopamine-norepinephrine reuptake inhibitor; ESS=Epworth Sleepiness Scale; LS=least 
squares; MWT=Maintenance of Wakefulness Test; PGIC=Patient Global Impression of Change; 
WPA=wake-promoting agent.
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SUNOSI® (solriamfetol) tablets, for oral use, CIV
BRIEF SUMMARY OF PRESCRIBING INFORMATION: Consult the Full Prescribing  
Information for complete product information. 
Initial U.S. Approval: 2019 
INDICATIONS AND USAGE
SUNOSI is indicated to improve wakefulness in adult patients with excessive daytime 
sleepiness associated with narcolepsy or obstructive sleep apnea (OSA).
Limitations of Use
SUNOSI is not indicated to treat the underlying airway obstruction in OSA. Ensure  
that the underlying airway obstruction is treated (e.g., with continuous positive  
airway pressure (CPAP)) for at least one month prior to initiating SUNOSI for  
excessive daytime sleepiness. Modalities to treat the underlying airway obstruction  
should be continued during treatment with SUNOSI. SUNOSI is not a substitute for  
these modalities.
DOSAGE AND ADMINISTRATION
Important Considerations Prior to Initiating Treatment
Prior to initiating treatment with SUNOSI, ensure blood pressure is adequately controlled.
General Administration Instructions
Administer SUNOSI orally upon awakening with or without food. Avoid taking SUNOSI 
within 9 hours of planned bedtime because of the potential to interfere with sleep if 
taken too late in the day.
SUNOSI 75 mg tablets are functionally scored tablets that can be split in half (37.5 mg)  
at the score line.
CONTRAINDICATIONS
SUNOSI is contraindicated in patients receiving concomitant treatment with  
monoamine oxidase (MAO) inhibitors, or within 14 days following discontinuation of 
monoamine oxidase inhibitor, because of the risk of hypertensive reaction.
WARNINGS AND PRECAUTIONS
Blood Pressure and Heart Rate Increases
SUNOSI increases systolic blood pressure, diastolic blood pressure, and heart rate in a 
dose-dependent fashion.
Epidemiological data show that chronic elevations in blood pressure increase the risk 
of major adverse cardiovascular events (MACE), including stroke, heart attack, and 
cardiovascular death. The magnitude of the increase in absolute risk is dependent on 
the increase in blood pressure and the underlying risk of MACE in the population being 
treated. Many patients with narcolepsy and OSA have multiple risk factors for MACE, 
including hypertension, diabetes, hyperlipidemia, and high body mass index (BMI).
Assess blood pressure and control hypertension before initiating treatment with  
SUNOSI. Monitor blood pressure regularly during treatment and treat new-onset  
hypertension and exacerbations of pre-existing hypertension. Exercise caution when 
treating patients at higher risk of MACE, particularly patients with known cardiovascular 
and cerebrovascular disease, pre-existing hypertension, and patients with advanced 
age. Use caution with other drugs that increase blood pressure and heart rate.
Periodically reassess the need for continued treatment with SUNOSI. If a patient  
experiences increases in blood pressure or heart rate that cannot be managed  
with dose reduction of SUNOSI or other appropriate medical intervention, consider 
discontinuation of SUNOSI.
Patients with moderate or severe renal impairment may be at a higher risk of increases 
in blood pressure and heart rate because of the prolonged half-life of SUNOSI.
Psychiatric Symptoms
Psychiatric adverse reactions have been observed in clinical trials with SUNOSI,  
including anxiety, insomnia, and irritability.
SUNOSI has not been evaluated in patients with psychosis or bipolar disorders.  
Exercise caution when treating patients with SUNOSI who have a history of psychosis  
or bipolar disorders.
Patients with moderate or severe renal impairment may be at a higher risk of  
psychiatric symptoms because of the prolonged half-life of SUNOSI.
Patients treated with SUNOSI should be observed for the possible emergence  
or exacerbation of psychiatric symptoms. If psychiatric symptoms develop
in association with the administration of SUNOSI, consider dose reduction or  
discontinuation of SUNOSI.
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
• Blood Pressure and Heart Rate Increases
• Psychiatric Symptoms
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in clinical trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates observed in practice.
The safety of SUNOSI has been evaluated in 930 patients (ages 18 to 75 years) with 
narcolepsy or OSA. Among these patients, 396 were treated with SUNOSI in the
12-week placebo-controlled trials at doses of 37.5 mg (OSA only), 75 mg, and 150 mg 
once daily. Information provided below is based on the pooled 12-week placebo- 
controlled studies in patients with narcolepsy or OSA.
Most Common Adverse Reactions
The most common adverse reactions (incidence ≥ 5% and greater than placebo) 
reported more frequently with the use of SUNOSI than placebo in either the
narcolepsy or OSA populations were headache, nausea, decreased appetite, anxiety, 
and insomnia.
Table 1 presents the adverse reactions that occurred at a rate of ≥ 2% and more 
frequently in SUNOSI-treated patients than in placebo-treated patients in the 
narcolepsy population.
Table 1: Adverse Reactions ≥ 2% in Patients Treated with SUNOSI and Greater 
than Placebo in Pooled 12-Week Placebo-Controlled Clinical Trials in Narcolepsy  
(75 mg and 150 mg)

Narcolepsy

System Organ Class Placebo 
N = 108  

(%)

SUNOSI 
N = 161 

(%)

Metabolism and Nutrition Disorders
Decreased appetite 1 9

Psychiatric Disorders
Insomnia*  
Anxiety*

4  
1

5  
6

Nervous System Disorders
Headache* 7 16

Cardiac Disorders
Palpitations 1 2

Gastrointestinal Disorders
Nausea*  
Dry mouth
Constipation

4 
2 
1

7 
4 
3

*“ Insomnia” includes insomnia, initial insomnia, middle insomnia, and terminal insomnia. “Anxiety” 
includes anxiety, nervousness, and panic attack. “Headache” includes headache, tension headache, and 
head discomfort. “Nausea” includes nausea and vomiting.

Table 2 presents the adverse reactions that occurred at a rate of ≥ 2% and more  
frequently in SUNOSI-treated patients than in placebo-treated patients in the  
OSA population.
Table 2: Adverse Reactions ≥ 2% in Patients Treated with SUNOSI and Greater  
than Placebo in Pooled 12-Week Placebo-Controlled Clinical Trials in OSA  
(37.5 mg, 75 mg, and 150 mg)

OSA

System Organ Class Placebo  
N = 118  

(%)

SUNOSI  
N = 235  

(%)

Metabolism and Nutrition Disorders
Decreased appetite 1 6

Psychiatric Disorders
Anxiety*  
Irritability

1
0

4
3

Nervous System Disorders
Dizziness 1 2

Cardiac Disorders
Palpitations 0 3

Gastrointestinal Disorders
Nausea*  
Diarrhea  
Abdominal pain*  
Dry mouth

6
1
2
2

8
4
3
3

General Disorders and Administration 
Site Conditions
Feeling jittery  
Chest discomfort

0
0

3
2

Skin and Subcutaneous Tissue Disorders
Hyperhidrosis 0 2

* “Anxiety” includes anxiety, nervousness, and panic attack. “Nausea” includes nausea and vomiting. 
“Abdominal pain” includes abdominal pain, abdominal pain upper, and abdominal discomfort.

Other Adverse Reactions Observed During the Premarketing Evaluation of SUNOSI
Other adverse reactions of < 2% incidence but greater than placebo are shown below.
The following list does not include adverse reactions: 1) already listed in previous 
tables or elsewhere in the labeling, 2) for which a drug cause was remote, 3) which 
were so general as to be uninformative, or 4) which were not considered to have 
clinically significant implications.
Narcolepsy population:
Psychiatric disorders: agitation, bruxism, irritability 
Respiratory, thoracic and mediastinal disorders: cough 
Skin and subcutaneous tissue disorders: hyperhidrosis
General disorders and administration site conditions: feeling jittery, thirst, chest 
discomfort, chest pain
Investigations: weight decreased 
OSA population
Psychiatric disorders: bruxism, restlessness
Nervous system disorders: disturbances in attention, tremor 
Respiratory, thoracic and mediastinal disorders: cough, dyspnea 
Gastrointestinal disorders: constipation, vomiting
Investigations: weight decreased 
Dose-Dependent Adverse Reactions
In the 12-week placebo-controlled clinical trials that compared doses of 37.5 mg,
75 mg, and 150 mg daily of SUNOSI to placebo, the following adverse reactions were 
dose-related: headache, nausea, decreased appetite, anxiety, diarrhea, and dry mouth 
(Table 3).
Table 3: Dose-Dependent Adverse Reactions ≥ 2% in Patients Treated with
SUNOSI and Greater than Placebo in Pooled 12-Week Placebo-Controlled
Clinical Trials in Narcolepsy and OSA

Placebo  
N = 226  

(%)

SUNOSI
37.5 mg
N = 58*  

(%)

SUNOSI
75 mg
N = 120  

(%)

SUNOSI
150 mg
N = 218  

(%)

Headache** 8 7 9 13

Nausea** 5 7 5 9

Decreased appetite 1 2 7 8

Anxiety 1 2 3 7

Dry mouth 2 2 3 4

Diarrhea 2 2 4 5

* In OSA only.
** “Headache” includes headache, tension headache, and head discomfort. “Nausea” includes nausea 

and vomiting.
Adverse Reactions Resulting in Discontinuation of Treatment
In the 12-week placebo-controlled clinical trials, 11 of the 396 patients (3%) who  
received SUNOSI discontinued because of an adverse reaction compared to 1 of  
the 226 patients (< 1%) who received placebo. The adverse reactions resulting in  
discontinuation that occurred in more than one SUNOSI-treated patient and at a  
higher rate than placebo were: anxiety (2/396; < 1%), palpitations (2/396; < 1%), and 
restlessness (2/396; < 1%).
Increases in Blood Pressure and Heart Rate
SUNOSI’s effects on blood pressure and heart rate are summarized below. Table 4  
shows maximum mean changes in blood pressure and heart rate recorded at sessions 
where the Maintenance of Wakefulness Test (MWT) was administered. Table 5  
summarizes 24-hour ambulatory blood pressure monitoring (ABPM) and ambulatory  
heart rate monitoring performed in the outpatient setting.
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Table 4: Maximal Mean Changes in Blood Pressure and Heart Rate Assessed at  
MWT Sessions from Baseline through Week 12: Mean (95% CI)*

Placebo SUNOSI
37.5 mg

SUNOSI
75 mg

SUNOSI
150 mg

SUNOSI
300 mg**

Narcolepsy
STUDY 1

n
SBP

n
DBP

n
HR

52
3.5

(0.7, 6.4)

23
1.8

(-1.8, 5.5)

48
2.3

(-0.1, 4.7)

-

-

-

51
3.1

(0.1, 6.0)

47
2.2

(0.2, 4.1)

26
3.7

(0.4, 6.9)

49
4.9

(1.7, 8.2)

49
4.2

(2.0, 6.5)

49
4.9

(2.3, 7.6)

53
6.8

(3.2, 10.3)

53
4.2

(1.5, 6.9)

53
6.5

(3.9, 9.0)

OSA
STUDY 2

n
SBP

n
DBP

n
HR

35
1.7

(-1.4, 4.9)

99
1.4

(-0.1, 2.9)

106
1.7

(0.1, 3.3)

17
4.6

(-1.1, 10.2)

17
1.9

(-2.3, 6.0)

17
1.9

(-1.9, 5.7)

54
3.8

(1.2, 6.4)

17
3.2

(-0.9, 7.3)

51
3.3

(0.6, 6.0)

103
2.4

(0.4, 4.4)

107
1.8

(0.4, 3.2)

102
2.9

(1.4, 4.4)

35
4.5

(1.1, 7.9)

91
3.3

(1.8, 4.8)

91
4.5

(3.0, 6.0)

SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate
* For study weeks 1, 4, and 12, SBP, DBP, and HR were assessed pre-dose and every 1-2 hours for 10 
hours after test drug administration. For all time points at all visits, the mean change from baseline 
was calculated, by indication and dose, for all patients with a valid assessment. The table shows, by  
indication and dose, the mean changes from baseline for the week and time point with the maximal 
change in SBP, DBP, and HR.

** The maximum recommended daily dose is 150 mg. Dosages above 150 mg daily do not confer 
increased effectiveness sufficient to outweigh dose-related adverse reactions.

Table 5: Blood Pressure and Heart Rate by 24-hour Ambulatory Monitoring:
Mean Change (95% CI) from Baseline at Week 8

Placebo SUNOSI
37.5 mg

SUNOSI
75 mg

SUNOSI
150 mg

SUNOSI
300 mg**

Narcolepsy
STUDY 1

n* 46 44 44 40

SBP

DBP

HR

-0.4
(-3.1, 2.4)

-0.2
(-1.9, 1.6)

0.0
(-1.9, 2.0)

-

-

-

1.6
(-0.4, 3.5)

1.0
(-0.4, 2.5)

0.2
(-2.1, 2.4)

-0.5
(-2.1, 1.1)

0.8
(-0.4, 2.0)

1.0
(-1.2, 3.2)

2.4
(0.5, 4.3)

3.0
(1.4, 4.5)

4.8
(2.3, 7.2)

OSA
STUDY 2

n* 92 43 49 96 84

SBP

DBP

HR

-0.2
(-1.8, 1.4)

0.2
(-0.9, 1.3)

-0.4
(-1.7, 0.9)

1.8
(-1.1, 4.6)

1.4
(-0.4, 3.2)

0.4
(-1.4, 2.2)

2.6
(0.02, 5.3)

1.5
(-0.04, 3.1)

1.0
(-0.9, 2.81)

-0.2
(-2.0, 1.6)

-0.1
(-1.1, 1.0)

1.7
(0.5, 2.9)

2.8
(-0.1, 5.8)

2.4
(0.5, 4.4)

1.6
(0.3, 2.9)

SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate
 *Number of patients who had at least 50% valid ABPM readings.

** The maximum recommended daily dose is 150 mg. Dosages above 150 mg daily do not confer increased
effectiveness sufficient to outweigh dose-related adverse reactions.

DRUG INTERACTIONS
Monoamine Oxidase (MAO) Inhibitors
Do not administer SUNOSI concomitantly with MAOIs or within 14 days after  
discontinuing MAOI treatment. Concomitant use of MAO inhibitors and noradrenergic 
drugs may increase the risk of a hypertensive reaction. Potential outcomes include  
death, stroke, myocardial infarction, aortic dissection, ophthalmological complications, 
eclampsia, pulmonary edema, and renal failure.
Drugs that Increase Blood Pressure and/or Heart Rate
Concomitant use of SUNOSI with other drugs that increase blood pressure and/or  
heart rate has not been evaluated, and such combinations should be used with caution.
Dopaminergic Drugs
Dopaminergic drugs that increase levels of dopamine or that bind directly to  
dopamine receptors might result in pharmacodynamic interactions with SUNOSI.  
Interactions with dopaminergic drugs have not been evaluated with SUNOSI. Use  
caution when concomitantly administering dopaminergic drugs with SUNOSI.
USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry
There is a pregnancy exposure registry that monitors pregnancy outcomes in women 
exposed to SUNOSI during pregnancy. Healthcare providers are encouraged to register 
pregnant patients, or pregnant women may enroll themselves in the registry by calling 
1-877-283-6220 or contacting the company at www.SunosiPregnancyRegistry.com.
Risk Summary
Available data from case reports are not sufficient to determine drug-associated risks
of major birth defects, miscarriage, or adverse maternal or fetal outcomes. In animal
reproductive studies, oral administration of solriamfetol during organogenesis caused
maternal and fetal toxicities in rats and rabbits at doses ≥ 4 and 5 times and was
teratogenic at doses 19 and ≥ 5 times, respectively, the maximum recommended
human dose (MRHD) of 150 mg based on mg/m2 body surface area. Oral administration 
of solriamfetol to pregnant rats during pregnancy and lactation at doses ≥ 7 times the 
MRHD based on mg/m2 body surface area resulted in maternal toxicity and adverse 
effects on fertility, growth, and development in offspring (see Data).
The estimated background risk of major birth defects and miscarriage for the 
indicated population is unknown. All pregnancies have a background risk of birth 
defect, loss, or other adverse outcomes. In the U.S. general population, the estimated 
background risks of major birth defects and miscarriage in clinically recognized 
pregnancies are 2% to 4% and 15% to 20%, respectively.
Data
Animal Data
Solriamfetol was administered orally to pregnant rats during the period of 
organogenesis at 15, 67, and 295 mg/kg/day, which are approximately 1, 4, and 19 
times the MRHD based on mg/m2 body surface area. Solriamfetol at ≥ 4 times the 
MRHD caused maternal toxicity that included hyperactivity, significant decreases in 
body weight, weight gain, and food consumption. Fetal toxicity at these maternally 
toxic doses included increased incidence of early resorption and post-implantation 
loss, and decreased fetal weight.
Solriamfetol was teratogenic at 19 times the MRHD; it increased the incidence of fetal 

malformations that included severe sternebrae mal-alignment, hindlimb rotation, bent 
limb bones, and situs inversus. This dose was also maternally toxic. The no-adverse-  
effect level for malformation is 4 times and for maternal and embryofetal toxicity is 
approximately 1 times the MRHD based on mg/m2 body surface area.
Solriamfetol was administered orally to pregnant rabbits during the period of 
organogenesis at 17, 38, and 76 mg/kg/day, which are approximately 2, 5, and  
10 times the MRHD based on mg/m2 body surface area. Solriamfetol at 10 times  
the MRHD caused maternal toxicity of body weight loss and decreased food 
consumption. Solriamfetol was teratogenic at ≥ 5 times the MRHD, it caused fetal  
skeletal malformation (slight-to-moderate sternebrae mal-alignment) and decreased  
fetal weight. The no-adverse-effect level for malformation and fetal toxicity is 
approximately 2 times and for maternal toxicity is approximately 5 times the MRHD  
based on mg/m2 body surface area.
Solriamfetol was administered orally to pregnant rats during the period of  
organogenesis from gestation day 7 through lactation day 20 post-partum, at 35,  
110, and 350 mg/kg/day, which are approximately 2, 7, and 22 times the MRHD based  
on mg/m2 body surface area. At ≥ 7 times the MRHD, solriamfetol caused maternal 
toxicity that included decreased body weight gain, decreased food consumption, and 
hyperpnea. At these maternally toxic doses, fetal toxicity included increased incidence  
of stillbirth, postnatal pup mortality, and decreased pup weight. Developmental  
toxicity in offspring after lactation day 20 included decreased body weight, decreased 
weight gain, and delayed sexual maturation. Mating and fertility of offspring were 
decreased at maternal doses 22 times the MRHD without affecting learning and  
memory. The no-adverse-effect level for maternal and developmental toxicity is 
approximately 2 times the MRHD based on mg/m2 body surface area.
LACTATION
Risk Summary
There are no data available on the presence of solriamfetol or its metabolites in human 
milk, the effects on the breastfed infant, or the effect of this drug on milk production.
Solriamfetol is present in rat milk. When a drug is present in animal milk, it is likely  
that the drug will be present in human milk. The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for SUNOSI  
and any potential adverse effects on the breastfed child from SUNOSI or from the 
underlying maternal condition.
Clinical Considerations
Monitor breastfed infants for adverse reactions, such as agitation, insomnia, anorexia  
and reduced weight gain.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established. Clinical  
studies of SUNOSI in pediatric patients have not been conducted.
Geriatric Use
Of the total number of patients in the narcolepsy and OSA clinical studies treated  
with SUNOSI, 13% (123/930) were 65 years of age or over.
No clinically meaningful differences in safety or effectiveness were observed  
between elderly and younger patients.
Solriamfetol is predominantly eliminated by the kidney. Because elderly patients are  
more likely to have decreased renal function, dosing may need to be adjusted based  
on eGFR in these patients. Consideration should be given to the use of lower doses  
and close monitoring in this population.
Renal Impairment
Dosage adjustment is not required for patients with mild renal impairment (eGFR  
60-89 mL/min/1.73 m2). Dosage adjustment is recommended for patients with
moderate to severe renal impairment (eGFR 15-59 mL/min/1.73 m2). SUNOSI is not 
recommended for patients with end stage renal disease (eGFR <15 mL/min/1.73 m2).
DRUG ABUSE AND DEPENDENCE
Controlled Substance
SUNOSI contains solriamfetol, a Schedule IV controlled substance.
Abuse
SUNOSI has potential for abuse. Abuse is the intentional non-therapeutic use of a 
drug, even once, to achieve a desired psychological or physiological effect. The abuse 
potential of SUNOSI 300 mg, 600 mg, and 1200 mg (two, four, and eight times the
maximum recommended dose, respectively) was assessed relative to phentermine, 45
mg and 90 mg, (a Schedule IV controlled substance) in a human abuse potential study in 
individuals experienced with the recreational use of stimulants. Results from this clinical 
study demonstrated that SUNOSI produced Drug Liking scores similar to or lower than 
phentermine. In this crossover study, elevated mood was reported by 2.4% of placebo- 
treated subjects, 8 to 24% of SUNOSI-treated subjects, and 10 to 18% of phentermine- 
treated subjects. A ‘feeling of relaxation’ was reported in 5% of placebo-treated subjects, 
5 to 19% of SUNOSI-treated subjects and 15 to 20% of phentermine-treated subjects.
Physicians should carefully evaluate patients for a recent history of drug abuse, 
especially those with a history of stimulant (e.g., methylphenidate, amphetamine, or 
cocaine) or alcohol abuse, and follow such patients closely, observing them for signs 
of misuse or abuse of SUNOSI (e.g., incrementation of doses, drug-seeking behavior).
Dependence
In a long-term safety and maintenance of efficacy study, the effects of abrupt 
discontinuation of SUNOSI were evaluated following at least 6 months of SUNOSI use 
in patients with narcolepsy or OSA. The effects of abrupt discontinuation of SUNOSI 
were also evaluated during the two-week safety follow-up periods in the Phase 3 
studies. There was no evidence that abrupt discontinuation of SUNOSI resulted in
a consistent pattern of adverse events in individual subjects that was suggestive of 
physical dependence or withdrawal.
OVERDOSAGE
A specific reversal agent for SUNOSI is not available. Hemodialysis removed 
approximately 21% of a 75 mg dose in end stage renal disease patients. Overdoses 
should be managed with primarily supportive care, including cardiovascular monitoring.
Consult with a Certified Poison Control Center at 1-800-222-1222 for latest recommendations.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Potential for Abuse and Dependence
Advise patients that SUNOSI is a federally controlled substance because it has the
potential to be abused. Advise patients to keep their medication in a secure place and  
to dispose of unused SUNOSI as recommended in the Medication Guide.
Primary OSA Therapy Use
Inform patients that SUNOSI is not indicated to treat the airway obstruction in OSA
and they should use a primary OSA therapy, such as CPAP, as prescribed to treat the 
underlying obstruction. SUNOSI is not a substitute for primary OSA therapy.
Blood Pressure and Heart Rate Increases
Instruct patients that SUNOSI can cause elevations of their blood pressure and pulse 
rate and that they should be monitored for such effects.
Psychiatric Symptoms
Instruct patients to contact their healthcare provider if they experience, anxiety,  
insomnia, irritability, agitation, or signs of psychosis or bipolar disorders.
Lactation
Monitor breastfed infants for adverse reactions such as agitation, insomnia, anorexia, 
and reduced weight gain.
For more information, visit www.SUNOSI.com 
Distributed by:
Axsome Therapeutics, Inc. New York, NY 10007
Protected by U.S. patent numbers: 8440715, 8877806, and 9604917
SUN HCP BS 05/2022
© 2022 Axsome Therapeutics, Inc. All rights reserved. 

S:9.5"

S:12.25"

T:10.5"

T:13"

11878076_HCP_2023_Brief_Summary_TABLOID_Size_M4FR.indd   2 4/20/23   5:06 PM

CHPH_15.indd   1 4/21/2023   11:22:46 AM



16 • JUNE 2023 • CHEST PHYSICIAN

NEWS FROM CHEST

NETWORKS

RSV future directions; BMPR2-based therapies for PAH; 
beating jet lag at CHEST 2023; and more...
CHEST INFECTIONS & DISASTER 
RESPONSE NETWORK
Chest Infections Section
RSV: Current patterns and future 
directions
Respiratory syncytial virus (RSV) is 
an underappreciated cause of hos-
pital admission in adult patients, 
especially among those who have 
underlying cardiopulmonary 
comorbidities (Branche AR, et al. 
Clin Infect Dis. 2022;74[6]:1004). A 
meta-analysis estimated an annual 
incidence rate of 37.6 per 1000 per-
sons per year with a hospital case 
fatality rate of 11.7% (5.8%-23.4%) 
in industrialized countries (Shi T, et 
al. J Infect Dis. 2022;226 [suppl 1]). 

Recent work showed RSV to 
be quite pathogenic in adults 
(Begley KM, et al. Clin Infect Dis. 
2023:ciad031). In 10,311 hospital-
ized adults with an acute respiratory 
illness, 6% tested positive for RSV 
and 18.8% for influenza virus. Com-
pared with influenza virus, patients 
infected with RSV were more likely 
to have COPD or CHF and had 
longer admission and more require-
ments for mechanical ventilation. 

There have been new advances in 
the prevention of RSV-associated 
illness. Nirsevimab, an IgG1 mono-
clonal antibody that locks the RSV 
F protein in prefusion stage, had 
an efficacy of 74.5% in preventing 
RSV-associated lower respiratory 
tract infection (LRTI)  in infants up 
to 150 days, which is an improve-
ment over palivizumab (Bergeron 
HC, et al. Expert Opin Investig Drugs. 
2022;31 [No. 1]: 23). The FDA advi-
sory committee just approved two 
RSV vaccines, both of which tar-
get  prefusion F protein, for elderly 
adults. The RSVPreF3OA had 82.6% 
efficacy against LRTI in adults over 
60 years of age (Papi A, et al. N Engl 
J Med. 2023;388:595) and Ad26.RSV.
preF-RSV preF protein vaccine had 
80% efficacy in adults over 65 years 
of age (Falsey AR, et al. N Engl J Med. 
2023;388:609). 

Shekhar Ghamande, MD, MBBS, 
FCCP – Section Member-at-Large

Paige Marty, MD – Section 
Fellow-in-Training

PULMONARY VASCULAR & 
CARDIOVASCULAR NETWORK
Pulmonary Vascular 
Disease Section
The STELLAR Travel to BMPR2-
based therapies for pulmonary 

arterial hypertension: Insights 
from bench to bedside
The recently published STELLAR 
trial was a phase 3, multicenter, 
double-blind, randomized,  
placebo-controlled study designed 
to evaluate patients with PAH 
receiving stable vasodilator therapy 
after treatment with sotatercept, a 
first-in-class recombinant fusion 
protein with parts of the activin 
receptor type IIA, a member of the 

BMPR2/TGF-β 
superfamily of 
receptors and 
ligands (Hoeper. 
N Engl J Med. 
2023;388:1478). 

Sotatercept 
improved 
6-minute walk 
distance, the 
primary end-
point of the 

trial at 24-weeks, as well as eight 
of the trial’s nine secondary end-
points including changes in PVR, 
NT-ProBNP levels, functional class, 
French risk score, and time-to-clin-
ical worsening when compared 
with placebo. However,  many 
questions remain about the mecha-
nisms whereby sotatercept achieved 
its clinical endpoints, the answers 
to which may lie within its basic 
molecular biology. 

The focus on BMPR2/TGF-β 
cell signaling pathways originated 
from the identification of loss-of-
function mutations in the BMPR2 
gene in patients with heritable and 
idiopathic PAH (Morrell, NW. Eur 
Respir J. 2019;53[3]: 1900078). An 
imbalance in BMPR2/TGF-β signal-
ing (low BMPR2/high TGF-β func-
tion) has been proposed as a central 
mechanism in the development of 
PAH. Specifically, researchers have 
shown increased levels of Activin 
A, one of 33 ligands that can bind 
either BMPR2 or TGF-β receptors, 
within vascular lesions in the lungs 
of patients with PAH. It has been 
thus hypothesized that reducing the 
amount of circulating Activin A could 
treat PAH by rebalancing BMPR2/
TGF-β signaling in lung vascular cells. 
In preclinical experimental models of 
PAH with elevated Activin A levels, 
sotatercept has been shown to reduce 
distal small vessel medial thickness/
muscularization and increase the 
number of patent small vessels (Yung, 
LM. Sci Transl Med. 2020;12). 

The exact mechanism by which 
sotatercept improves hemodynam-
ics and outcomes remains unclear. 

Indeed, whether 
de-remodel-
ing of the lung 
vasculature or 
new vessel for-
mation occurs 
in humans is 
unknown. The 
results from 
STELLAR mark 
a new era in the 
development of 

potential “disease-modifying agents” 
for PAH; however, the question is: 
what exactly are we modifying?

Jose Gomez-Arroyo, MD, PhD – 
Section Fellow-in-Training

Dana Kay, DO – Section 
Member-at-Large

SLEEP MEDICINE NETWORK
Non-Respiratory 
Sleep Section
Beating jet lag at CHEST 2023
Want to feel your best when enjoying 
CHEST 2023 sessions, games, ven-

dors, network-
ing events, and 
much more on 
the island para-
dise of Hawai’i? 
It’s time to start 
making plans to 
align your cir-
cadian rhythm 
with Hawai’i 
Standard Time 
(HST). 

Dr. Sabra Abbott, a circadian 
rhythm expert and the Director of 
the Circadian Medicine Clinic at 
Northwestern University, recom-
mends “to best adapt to the time 
zone change, you can take advantage 
of the time-of-day specific phase 
shifting properties of light and 
melatonin.” 

Before heading west to the meet-
ing, Dr. Abbott recommends main-
land USA travelers to get extra light 
exposure in the evening. On arrival 
in Hawai’i, morning bright-light 
exposure should be limited. Luckily, 
afternoon/early evening light expo-
sure is encouraged, which will help 
get some extra hours on the beach! 
Don’t forget your sunglasses to help 
with blocking light in the morning.

Once the meeting has concluded, 
attendees from mainland USA will 
need to advance their internal clocks 

earlier as they travel east back home. 
This can be achieved by taking mel-
atonin 0.5 mg around bedtime and 
seeking bright-light during the mid-
to-late morning.

To develop a personalized sleep 
prescription based on your time 
zone and preferred sleep times, you 
can use an online jet lag calcula-
tor, such as Jet Lag Rooster (jetlag.
sleepopolis.com; no affiliations with 
authors or Dr. Abbott).

To learn more about circadian 
rhythm alignment when working 
and traveling, we’ll see you at the 
CHEST 2023 session “Shifting to 
Hawai’i – Jet Lag, Shift Workers, and 
Sleep for Health Care Providers” 
(10/8/2023 at 0815-HST).

Paul Chung, DO – Section 
Fellow-in-Training

Lisa Wolfe, MD – Section 
Member-at-Large

William Healy, MD – Section 
Member-at-Large

THORACIC ONCOLOGY & 
CHEST IMAGING NETWORK
Pleural Disease Section
Lobar vs. sublobar resection in 
stage 1 lung cancer 
Lobectomy with intrathoracic nodal 
dissection remains the standard of 
care for early stage (tumor size ≤3.0 
cm) peripheral non-small cell lung 
cancer (NSCLC). This practice is pri-

marily influenced 
by data from the 
mid-1990s asso-
ciating limited 
resection (seg-
mentectomy or 
wedge resection) 
with increased 
recurrence rate 
and mortal-
ity compared 
with lobectomy 

(Ginsberg, et al. Ann Thorac Surg. 
1995;60:615). Recent advances in 
video and robotic-assisted thoracic 
surgery, as well as the implementation 
of lung cancer screening, improve-
ment in minimally invasive diagnostic 
modalities, and neoadjuvant therapies 
have driven the medical community 
to revisit the role of sublobar lung 
resection.

Two newly published large ran-
domized control multicenter mul-
tinational trials (Saji, et al. Lancet. 
2022; 399:1670 and Altorki, et al. 
N Engl J Med. 2023;388:489) have 

Dr. Gomez-Arroyo

Dr. Kay

Dr. Chung

Dr. Yurosko
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challenged our well-established 
practices. They compared overall 
and disease-free survival sublobar to 
lobar resection of early stage NSCLC 
(tumor size ≤2.0 cm and negative 
intraoperative nodal disease) and 
demonstrated noninferiority of sub-
lobar resection with respect to overall 
survival and disease-free survival. 
While the sublobar resection in the 
Saji et al trial consisted strictly of seg-
mentectomy, the majority of sublobar 
resections in the Altorki et al trial 
were wedge resections. Interestingly, 
both trials chose lower cut-offs for 

tumor size (≤2.0 cm) compared with 
the Ginsberg trial (≤3.0 cm), which 
could arguably have accounted for 
this difference in outcomes. In sum-
mary, these emerging data are here 
to tell us a new story by supporting 
more limited anatomical lung resec-
tion options for our patients with 
early stage NSCLC.

Christopher Yurosko, DO – Section 
Fellow-in-Training

Melissa Rosas, MD – Section 
Member-at-Large

Labib Debiane, MD -  Section 
Member-at-Large
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Respiratory management of 
patients with neuromuscular 
weakness: The latest  
CHEST guideline
BY KINSLEY HUBEL, MD, AND 
AKRAM KHAN, MD

Patients with neuromuscular dis-
eases (NMD) face an increased 
risk of respiratory muscle 

weakness, which can contribute 
to various health problems. These 
include chronic respiratory failure, 
sleep-related breathing disorders, 
sialorrhea, and reduced cough 
effectiveness. In collaboration with 
AASM, AARC, and ATS, CHEST 
has developed guidelines to help cli-
nicians manage patients with NMD. 

Through a systematic review of 
128 studies related to this topic, the 
expert panel developed 15 graded 
recommendations, a good practice 
statement, and a consensus-based 
statement using the population, 
intervention, comparator, and 
outcome (PICO) format using the 
GRADE (Grading of Recommen-
dations, Assessment, Development, 

and Evaluations) methodology. 
A few of the key recommenda-

tions are as follows:
1. Addressing the use and timing 

of pulmonary function tests (PFT), 
the panel suggests measuring vital 
capacity (FVC or SVC), MIP/MEP, 
SNIP, or PCF in patients with NMD 
every 6 months. 

2. For the detection of respiratory 
failure and sleep-related breathing 
disorders in symptomatic patients 
with NMD who have normal PFT 
and overnight oximetry (ONO), 
the panel suggested that clinicians 
consider polysomnography (PSG) 
to assess whether noninvasive ven-
tilation (NIV) would be beneficial. 
Adult patients do not have to have 
PSG to manage NMD if the PFT or 
ONO criteria support using NIV. 

3. The panel recommends the use 
of NIV for the treatment of respira-
tory failure. To guide the initiation 

C
o

u
rt

es
y 

C
H

E
S

T

GUIDELINE continued on following page

Join your friends and colleagues at the CHEST Annual 

Meeting on October 8-11 in Honolulu, Hawai‘i, as 

you explore the most up-to-date clinical research in 

pulmonary, sleep, and critical care medicine. 

At CHEST 2023, you will have access to:

300+ education sessions

500+ faculty sharing their expertise

Original research presentations

Networking events and social opportunities

Grow, Connect, and Be  
Inspired at CHEST 2023

Register 
Now

HONOLULU  |  OCTOBER 8-11

creo




18 • JUNE 2023 • CHEST PHYSICIAN

NEWS FROM CHEST

of NIV, clinicians can use any fall in FVC to 
<80% of predicted with symptoms or FVC to 
<50% of predicted without symptoms or SNIP/
MIP to < –40 cm H2O or hypercapnia. The panel 
recommended individualizing treatment.

4. The panel suggested mouth piece ventila-
tion (MPV) for daytime ventilatory support in 
patients with preserved bulbar function. Its desir-
able effects include delaying or avoiding tracheos-
tomy and improving speech, cough effectiveness, 
and coordination of breathing and swallowing. 

5. Invasive home mechanical ventilation (MV) 
by tracheostomy was identified as an acceptable 
option for patients with progressive respiratory 
failure, particularly those who were unable to 
clear secretions. Because of the high costs and 
caregiver burden, the guideline highlights the 
need to consider patient preferences, tolerability, 
the ability to maintain mouthpiece ventilation, 
and the availability of resources when choosing 
an appropriate treatment option.

6. The panel suggested practicing clinicians 
address the management of sialorrhea and 
airway clearance techniques in patients with 
NMD, as they face the risk of aspiration and 
pneumonia. For sialorrhea, the panel suggests 
starting with a trial of anticholinergic agents, 
as they are inexpensive and readily available. 
The panel also provided advice on botulinum 
toxin therapy and radiation therapy, which 
have limited data and should be reserved for 
experienced centers.

7. The panel reviewed data on airway clearance 
techniques, including glossopharyngeal breathing 
(GPB), mechanical insufflation-exsufflation 
(MI-E), also commonly known as cough-assist 
device, manually assisted cough, lung volume 
recruitment (LVR) by air stacking, and high- 
frequency chest wall oscillation (HFCWO). The 
panel suggested using airway clearance tech-
niques based on local resources, expertise, and 
shared decision-making with patients. 

The panel stressed the importance of respect 

for patient preferences, treatment goals, and qual-
ity of life considerations. The panel emphasized 
the need to modernize and improve access to 
ventilatory support for patients with NMD and 
the role of shared decision-making in improving 
quality of life and long-term outcomes. The panel 
also suggests that randomized controlled trials in 
patients with NMD would help establish a higher 
grade of evidence. ■

Dr. Hubel and Dr. Khan are from the Division of 
Pulmonary Allergy and Critical Care Medicine, 
Oregon Health and Science University,  
Portland, OR.
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The CHEST Annual Meeting offers hundreds 
of top-notch educational sessions every 
year—and narrowing down your choices can 

be a tall order. As we look forward to CHEST 2023 
in Honolulu, Hawai’i, October 8 to 11, we’re high-
lighting key sessions recommended by members of 
the CHEST Scientific Program Committee.

To see what else is in store, browse the full edu-
cational program at chestmeeting.chestnet.org. 
Sessions are categorized by clinical topic so that 
you can easily find the ones that interest you.

“If you’ve never been to a CHEST Annual 
Meeting before, you’re in for a treat,” said Sleep 
Medicine Curriculum Group Chair, Carolyn 
D’Ambrosio, MD, FCCP. “The sessions are robust 
in that they provide scientific information, but 
they’re also applicable to your day-to-day practice.”

Airways disease
Muhammad Adrish, MD, MBA, FCCP, Chair 
of the Airways Disease Curriculum Group, is 
excited about the breadth of the curriculum his 
group has planned this year.

“We’re going to have sessions on asthma, 
COPD, bronchiectasis, bronchiolitis, cystic fibro-
sis, and more,” he said. “It really is such a wide 
spectrum of diseases in the airway curriculum.”

A few sessions he can’t wait to attend include 
Controversies in Asthma-COPD Overlap - A 
Pro-Con Debate, Maximizing Oxygen Efficacy in 
the Ambulatory Setting, and Hands-on Training 
on Airway Clearance Techniques and Devices.

Dr. Adrish noted that one of the major advan-
tages of the CHEST Annual Meeting is the 
opportunity to be in the same room as other cli-
nicians specializing in airways.

“It’s always stirring to hear 
the dialogue of those with tre-
mendous experience, especially 
when it’s in a field that you 
love,” he added.

Read more of Dr. Adrish’s top 
picks by scanning the QR code. 

Critical care
Organizers of the CHEST 2023 critical care cur-
riculum made a concerted effort to cover more 
advanced topics this year, said Critical Care Cur-
riculum Group Chair, Christopher Carroll, MD, 
FCCP. 

“We have some excellent sessions on 
advanced ventilator physiology and leveraging 
technology to improve patient management,” 
he explained. “We also have some great ses-
sions on waveform analysis that dive into respi-
ratory and cardiac physiology in a way that we 
haven’t really done before. It’s going to be an 
exciting meeting.”

Sessions he’s looking forward to include:
• Advanced Ventilator Management: Where 

Technology Meets Physiology
• Cardiac Waveforms in the ICU
• Case-Based Ventilator Graphics: 

Using Ventilator Graphics to Optimize 
Patient Management

• A Systematic Approach to Undifferentiated 
Shock: From POCUS to PACs!
Dr. Carroll has been attending CHEST 

Annual Meetings since 2003 and believes 
that, over the years, the educational sessions 
presented keep getting better. Sessions have 
adapted to focus on education both for people 
who are early in their careers, as well as those 
who have been out of fellowship for years and 
are wanting to explore more advanced topics, 

including literature reviews.
Read more of Dr. Carroll’s 

top picks by scanning the QR 
code. 

Sleep medicine
Dr. D’Ambrosio said CHEST 2023 will have a lot 
to offer sleep medicine specialists.

“We’re a fun, tight-knit group,” she said. 
“There’s great networking, as well as a lot of 
collegiality.”

Sessions that she’s highlighted will address 
some of the most pertinent topics affecting 
the field. For example, in light of recent device 
recalls, a highly anticipated session will compare 
the applications of specific noninvasive ventila-
tion and home mechanical ventilation devices 
and modes.

“This session will explore what to do now with 
all the different devices that are on the market. 
Despite the recall of some devices, there are many 
options, and this session will help you determine 
the best one for your patient,” Dr. D’Ambrosio said.

She’s also looking forward to a session that will 
provide an update on sleep disorders in women, 
including sleep-disordered breathing, insomnia, 
restless legs syndrome, and other diseases.

“We will talk about sleep in women because I 
do believe that there are differences in the sexes 
and genders,” she said. “And for many, many 
years – particularly for obstructive sleep apnea 
– it’s been thought of as a disease for men only. 
I think we need to keep going 
with that. What’s the latest 
research? Where are we going 
forward with therapeutics?”

Read more of Dr.  
D’Ambrosio’s top picks by 
scanning the QR code. 

Join Dr. Adrish, Dr. Carroll, 
and Dr. D’Ambrosio in Hawai’i by registering to 
attend now before prices increase on July 1. Visit 
chestmeeting.chestnet.org for details. ■
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BY H. BRYANT NGUYEN, MD

In recent months, we have seen the results 
of the much awaited Crystalloid Liberal or 
Vasopressors Early Resuscitation in Sepsis 

(CLOVERS) trial showing that a restrictive 
fluid and early vasopressor strategy initiated on 
arrival of patients with sepsis and hypotension 
in the ED did not result in decreased mortality 
compared with a liberal fluid approach (PETAL 
Network. N Engl J Med. 2023;388[6]:499). The 
March 2023 issue of CHEST Physician pro-
vided a synopsis of the trial highlighting sev-
eral limitations (Splete H. CHEST Physician. 
2023;18[3]:1). Last year in 2022, the Conserva-
tive versus Liberal Approach to Fluid Therapy 
in Septic Shock (CLASSIC) trial also showed 
no difference in mortality with 
restrictive fluid compared 
with standard fluid in patients 
with septic shock in the ICU 
already receiving vasopressor 
therapy (Meyhoff TS, et al. N 
Engl J Med. 2022;386[26]:2459). 
Did CLOVERS and CLASSIC 
resolve the ongoing debate 
about the timing and quantity 
of fluid resuscitation in sepsis? 
Did their results suggest a “you 
can do what you want” approach? Is the man-
agement of sepsis and septic shock limited to 
fluids vs vasopressors? Hopefully, the ongoing 
studies ARISE FLUIDS (NCT04569942), EVIS 
(NCT05179499), FRESHLY (NCT05453565), 
1BED (NCT05273034), and REDUCE 
(NCT04931485) will further address these 
questions.

In the meantime, I continue to admit and care 
for patients with sepsis in the ICU. One exam-
ple was a 72-year-old woman with a history of 
stroke, coronary artery disease, diabetes, and 
chronic kidney disease presenting with 3 days 
of progressive cough and dyspnea. In the ED, 
temperature was 38.2° C, heart rate 120 beats 
per min, respiratory rate 28/min, blood pressure 
82/48 mm Hg, and weight 92 kg. She had audi-
ble crackles in the left lower lung. Her labora-
tory and imaging results supported a diagnosis 
of sepsis due to severe community-acquired 
pneumonia, including the following values: 
white blood cell 18.2 million/mm3; lactate 3.8 
mmol/L; and creatinine 4.3 mg/dL. 

While in the ED, the patient received 1 liter 
of crystalloid fluids and appropriate broad 
spectrum antibiotics. Repeat lactate value was 
2.8 mmol/L. Patient’s blood pressure then 
decreased to 85/42 mm Hg. Norepinephrine was 
started peripherally and titrated to 6 mcg/min 
to achieve blood pressure 104/56 mm Hg. No 
further fluid administration was given, and the 
patient was admitted to the medical ICU. On 
admission, a repeat lactate had increased to 3.4 
mmol/L with blood pressure of 80/45 mm Hg. 

Instead of further escalating vasopressor admin-
istration, she received 2 L of fluid and continued 
at 150 mL/h. Shortly after, norepinephrine was 
titrated off. Fluid resuscitation was then dees-
calated. We transfered the patient to the general 
ward within 12 hours of ICU admission. 

Could we have avoided ICU admission and 
critical care resource utilization if the patient 
had received more optimal fluid resuscitation in 
the ED?

While our fear of fluids (or hydrophobia) 
may be unwarranted, the management of this 
patient was a common example of fluid restric-
tion in sepsis (Jaehne AK, et al. Crit Care Med. 
2016;44[12]:2263). By clinical criteria, she was in 
septic shock (requiring vasopressor) and appro-
priately required ICU admission. But, I would 

posit that the patient had severe 
sepsis based on pre-Sepsis 3 cri-
teria. Optimal initial fluid resus-
citation would have prevented 
her from requiring vasopressor 
and progressing to septic shock 
with ICU admission. Unfortu-
nately, the patient’s care reflected 
the objective of CLOVERS and 
its results. Other than the lack of 
decreased mortality, decreased 
ventilator use, decreased renal 

replacement therapy, and decreased hospital 
length of stay, restricting fluids resulted in an 
increase of 8.1% (95% confidence interval 3.3 to 
12.8) ICU utilization. Furthermore, the data and 
safety monitoring committee halted the trial for 
futility at two-thirds of enrollment. One must 
wonder if CLOVERS had completed its intended 
enrollment of 2,320 patients, negative outcomes 
would have occurred. 

Should an astute clinician interpret the results 
of the CLOVERS and CLASSIC trials as “Fluids, 
it doesn’t matter, so I can do what I want?” Abso-
lutely not! The literature is abundant with studies 
showing that increasing dose and/or number of 
vasopressors is associated with higher mortality 
in septic shock. One example is a recent multi-
center prospective cohort study examining the 
association of vasopressor dosing during the first 
24 hours and 30-day mortality in septic shock 
over 33 hospitals (Roberts RJ, et al. Crit Care 
Med. 2020;48[10]:1445). 

Six hundred and sixteen patients were 
enrolled with 31% 30-day mortality. In 24 
hours after shock diagnosis, patients received a 
median of 3.4 (1.9-5.3) L of fluids and 8.5 mcg/
min norepinephrine equivalent. During the 
first 6 hours, increasing vasopressor dosing was 
associated with increased odds of mortality. 
Every 10 mcg/min increase in norepinephrine 
over the 24-hour period was associated with a 
33% increased odds of mortality. Patients who 
received no fluids but 35 mcg/min norepineph-
rine in 6 hours had the highest mortality of 
50%. As fluid volume increased, the association 

between vasopressor dosing and mortality 
decreased, such that at least 2 L of fluid during 
the first 6 hours was required for this associa-
tion to become nonsignificant. Based on these 
results and a number of past studies, we should 
be cautious in believing that a resuscitation 
strategy favoring vasopressors would result in a 
better outcome.

Shock resuscitation is complex, and there is 
no one-size-fits-all approach. With the present 
climate, the success of resuscitation has been 
simplified to assessing fluid responsiveness. 
Trainees learn to identify the inferior vena cava 
and lung B-lines by ultrasound. With more 
advanced technology, stroke volume variation is 
considered. And, let us not forget the passive leg 
raise. Rarely can our fellows and residents recite 
the components of oxygen delivery as targets of 
shock resuscitation: preload, afterload, contractil-
ity, hemoglobin, and oxygen saturation. Another 
patient example comes to mind when fluid 
responsiveness alone is inadequate.

Our patient was a 46-year-old man now day 
4 in the ICU with Klebsiella bacteremia and 
acute cholecystitis undergoing medical man-
agement. His comorbidities included diabetes, 
obesity, hypertension, and cardiomyopathy 
with ejection fraction 35%. He was supported 
sson mechanical ventilation, norepinephrine 
20 mcg/min, and receiving appropriate antibi-
otics. For hemodynamic monitoring, a central 
venous and arterial catheter have been placed. 
The patient had a heart rate 92 beats per min, 
mean arterial pressure (MAP) 57 mm Hg, cen-
tral venous pressure (CVP) 26 mm Hg, stroke 
volume variation (SVV) 9%, cardiac output 
(CO) 2.5 L/min, and central venous oxygen 
saturation (ScvO2) 42%. 

Based on these parameters, we initiated 
dobutamine at 2.5 mcg/kg/min, which was 
then titrated to 20 mcg/kg/min over 2 hours 
to achieve ScvO2 72%. Interestingly, CVP had 
decreased to 18 mm Hg, SVV increased to 
16%, with CO 4.5 L/min. MAP also increased 
to 68 mm Hg. We then administered 1-L 
fluid bolus with the elevated SVV. Given the 
patient’s underlying cardiomyopathy, CVP < 
20 mm Hg appeared to indicate a state of fluid 
responsiveness. After our fluid administration, 
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heart rate  98 beats per min, MAP 
70 mm Hg, CVP increased to 21 
mm Hg, SVV 12%, CO 4.7 L/min, 
and ScvO2 74%. In acknowledging 
a mixed hypovolemic, cardio-
genic, and septic shock, we had 
optimized his hemodynamic state. 
Importantly, during this exercise 
of hemodynamic manipulation, we 
were able to decrease norepineph-
rine to 8 mcg/min, maintaining 
dobutamine at 20 mcg/kg/min.

The above case illustrates that the 
hemodynamic perturbations in sep-
sis and septic shock are not simple. 
Patients do not present with a single 
shock state. An infection progress-
ing to shock often is confounded by 
hypovolemia and underlying comor-
bidities, such as cardiac dysfunction. 
Without considering the complex 
physiology, our desire to continue 
the debate of fluids vs vasopressors 
is on the brink of taking us back 
several decades when the manage-
ment of sepsis was to start a fluid 
bolus, administer “Rocephin,” and 
initiate dopamine.  But I remind 
myself that we have made advances 
– now it’s 1 L lactated Ringer’s, 
administer “vanco and zosyn,” and 
initiate norepinephrine. ■
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BY CRAIG P. COOK, MD, AND 
MATTHEW J. HEGEWALD, MD, 
FCCP

Unexplained dyspnea is a 
common complaint among 
patients seen in pulmonary 

clinics, and can be difficult to 
define, quantify, and determine the 
etiology. The ATS official statement 
defined dyspnea as “a subjective 
experience of breathing discomfort 
that consists of qualitatively distinct 
sensations that vary in intensity” 
(Am J Respir Crit Care Med. 2012; 
185:435). A myriad of diseases can 
cause dyspnea, including cardiac, 
pulmonary, neuromuscular, psy-
chological, and hematologic disor-
ders; obesity, deconditioning, and 
the normal aging process may also 
contribute to dyspnea. Adding fur-
ther diagnostic confusion, multiple 
causes may exist in a given patient.   

Finding the cause or causes of 
dyspnea can be difficult and may 
require extensive testing, time, and 
cost.  Initially, a history and physi-
cal exam are performed with more 
focused testing undertaken depend-
ing on most likely causes. For most 
patients, initial evaluation includes 
a CBC, TSH, pulmonary function 
tests, chest radiograph, and, often, 
a transthoracic echocardiogram. 
If these tests are unrevealing, or 
if clinical suspicion is high, more 
costly, invasive, and time-consum-
ing tests are obtained. These may 
include bronchoprovocation testing, 
cardiac stress tests, chest CT scan, 
and, if warranted, right- and/or left-
sided heart catheterization. Ideally, 
these tests are utilized appropriately 
based on the patient’s clinical pre-
sentation and the results of initial 
evaluation. In addition to high cost, 
invasive testing risks injury. 

Cardiopulmonary exercise testing 
(CPET) has been called the “gold 
standard” test for evaluation of 
unexplained dyspnea (Palange P, et 
al. Eur Respir J. 2007;29:185).  

Symptom-limited CPET measures 
multiple physiological variables 
during stress, potentially identify-
ing the cause of dyspnea that is not 
evident by measurements made at 
rest. CPET may also differentiate 
the limiting factor in patients with 
multiple diseases that each could 
be contributing to dyspnea. CPET 
provides an objective measurement 

of cardiorespiratory fitness and 
may provide prognostic informa-
tion. CPET typically consists of a 
symptom-limited maximal incre-
mental exercise test using either a 
treadmill or cycle ergometer. The 
primary measurements include oxy-
gen uptake (Vo2), carbon dioxide 
output (Vco2), minute ventilation  
(VE), ECG, blood pressure, oxygen 
saturation (Spo2) and, depending 
on the indication, arterial blood 

gases at rest and peak exercise. An 
invasive CPET includes the above 
measurements and the addition of 
a pulmonary artery catheter and 
radial artery catheter allowing the 
assessment of ventricular filling 
pressures, pulmonary arterial pres-
sures, cardiac output, and measures 
of oxygen transport. Invasive CPET 
is less commonly performed in 
clinical practice due to cost, high 
resource utilization, and greater risk 
of complications.

What is the evidence that CPET 
is the gold standard for evaluating 
dyspnea? Limited evidence supports 
this claim.  Martinez and colleagues  
(Chest. 1994;105[1]:168) evaluated 
50 patients presenting with unex-
plained dyspnea with normal CBC, 
thyroid studies, chest radiograph, 
and spirometry with no-invasive 
CPET. CPET was used to make an 
initial diagnosis, and this was com-
pared with a definitive diagnosis 
based on additional testing guided 
by CPET findings and response 
to targeted therapy. Most patients 
(68%) eventually received a diag-
nossis of normal, deconditioned, 
hyperactive airway disease, or a 
psychogenic cause of dyspnea. 
The important findings from this 
study include: (1) CPET was able 
to identify cardiac or pulmonary 
disease, if present; (2) A normal 
CPET excluded significant car-
diac or pulmonary disease in most 
patients suggesting that a normal 
CPET is useful in limiting subse-
quent testing; (3) In some patients, 
CPET wasn’t able to accurately 

differentiate cardiac disease from 
deconditioning as both exhibited an 
abnormal CPET pattern including 
low peak Vo2, low Vo2 at anaerobic 
threshold, decreased O2 pulse, and 
often low peak heart rate. In more 
than 75% of patients, the CPET, 
and focused testing based on CPET 
findings, confidently identified the 
cause of dyspnea not explained by 
routine testing. 

There is evidence that invasive 
CPET may provide diagnostic infor-
mation when the cause of dyspnea 
is not identified using noninvasive 
testing.  Huang and colleagues (Eur 
J Prev Cardiol. 2017;24[11]:1190) 
investigated the use of invasive 
CPET in 530 patients who had 
undergone extensive evaluation 
for dyspnea, including noninvasive 
CPET in 30% of patients, and the 
diagnosis remained unclear. The 
cause of dyspnea was determined 
in all patients and included:  
exercise-induced pulmonary arterial 
hypertension (17%), heart failure 
with preserved ejection fraction 
(18%), dysautonomia or preload 
failure (21%), oxidative myopathy 
(25%), primary hyperventilation 
(8%), and various other conditions 
(11%). Most patients had been 
undergoing work up for unex-
plained dyspnea for a median of 
511 days before evaluation in the 
dyspnea clinic. Huang et al’s study 
demonstrates some of the limita-
tions of noninvasive CPET, includ-
ing distinguishing cardiac limitation 
from dysautonomia or preload 
failure, deconditioning, oxidative 
myopathies, and mild pulmonary 
vascular disease. This study didn’t 
answer how many patients having 
noninvasive CPET would need an 
invasive study to get their diagnosis.  

A limitation of both the  
Martinez et al and Huang et al stud-
ies is that they were conducted at 
subspecialty dyspnea clinics located 
in large referral centers and may not 
be representative of patients seen in 
general pulmonary clinics for the 
evaluation of dyspnea. This may 
result in over-representation of less 
common diseases, such as oxidative 
myopathies and dysautonomia or 
preload failure. Even with this lim-
itation, these two studies showed 
that CPETs have the potential to 
expedite diagnoses and treatment in 
patients with unexplained dyspnea.

More investigation is needed to 
understand the clinical utility, and 
potential cost savings, of CPET for 
patients referred to general pulmo-
nary clinics with unexplained dysp-
nea. We retrospectively reviewed 
89 patients who underwent CPET 
for unexplained dyspnea from 2017 
to 2019 at Intermountain Medical 
Center (Cook CP. Eur Respir J. 2022; 
60: Suppl. 66, 1939). Nearly 50% 
of the patients undergoing CPET 
were diagnosed with obesity, decon-
ditioning, or normal. In patients 
under the age of 60 years, 64% were 
diagnosed with obesity, decon-
ditioning, or a normal study.  Con-
versely, 70% of patients over the age 
of 60 years had an abnormal cardiac 
or pulmonary limitation.   

We also evaluated whether CPET 
affected diagnostic testing patterns 
in the 6 months following testing.  
We determined that potentially 
inappropriate testing was performed 
in only 13% of patients after obtain-
ing a CPET diagnosis. These data 
suggest that CPET results affect 
ordering provider behavior. Also, 
in younger patients, in whom ini-
tial evaluation is unrevealing of 
cardiopulmonary disease, a CPET 
could be performed early in the 
evaluation process. This may result 
in decreased health care cost and 
time to diagnosis. At our institution, 
CPET is less expensive than a trans-
thoracic echocardiogram.  

So, is CPET worthy of its status as 
the gold standard for determining 
the etiology of unexplained dysp-
nea?  The answer for noninvasive 
CPET is a definite “maybe.” There 
is evidence that some CPET pat-
terns support a specific diagnosis. 
However, referring providers may be 
disappointed by CPET reports that 
do not provide a definitive cause for 
a patient’s dyspnea. An abnormal 
cardiac limitation may be caused 
by systolic or diastolic dysfunction, 
myocardial ischemia, preload failure 
or dysautonomia, deconditioning, 
and oxidative myopathy. Even in 
these situations, a specific CPET 
pattern may limit the differential 
diagnosis and facilitate a more 
focused and cost-effective evalu-
ation. A normal CPET provides 
reassurance that significant disease 
is not causing the patient’s dyspnea 
and prevent further unnecessary 
and costly evaluation. ■
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Cardiopulmonary exercise testing for 
unexplained dyspnea

In some patients, CPET 
wasn’t able to accurately 

differentiate cardiac disease 
from deconditioning.



22 • JUNE 2023 • CHEST PHYSICIAN

SLEEP  
MEDICINE

AUGUST 9-11  

PULMONARY  
MEDICINE

AUGUST 16-19

CRITICAL CARE  
MEDICINE

AUGUST 12-14

Prepare for your board certification  

or recertification with many of the top 

names in chest medicine at CHEST 

Board Review. Master the concepts  

you need to pass your exam, and 

expand your clinical knowledge.

Learn More

Book by JULY 11 
to receive the  

early bird discount.
BY STEPH WEBER

Leaders of medical student 
groups and legislators in a few 
states are trying to convince 

medical schools to end a centu-
ry-old practice of legacy admissions, 
which they say offer preferential 
treatment to applicants based on 
their association with donors or 
alumni. An estimated 25% of public 
colleges and universities still use 
legacy admissions, but a growing list 
of top medical schools have moved 
away from the practice.

Legacy admissions contradict 
schools’ more inclusive policies, 
Senila Yasmin, MPH, a second-year 
medical student at Tufts University, 
said in an interview. While Tufts 
maintains legacy admissions for its 
undergraduate applicants, the med-
ical school stopped the practice in 
2021, said Ms. Yasmin.

As a member of the American 
Medical Association (AMA) Medi-
cal Student Section, she coauthored 
a resolution stating that legacy 
admissions go against the AMA’s 
strategic plan to advance racial jus-
tice and health equity. The Student 
Section passed the resolution in 
November, and in June, the AMA 
House of Delegates will vote on 
whether to adopt the policy. 

Along with a Supreme Court 
decision that could strike down 
race-conscious college admissions, 
an AMA policy could convince 
medical schools to rethink legacy 
admissions and how to maintain 
diverse student bodies. 

In June, the court is expected to 
issue a decision in the Students for 
Fair Admissions lawsuit against 
Harvard University, Cambridge, 
Mass., and the University of North 
Carolina, Chapel Hill, which alleges 
that considering race in holistic 
admissions constitutes racial dis-
crimination and violates the Equal 
Protection Clause.

Opponents of legacy admissions, 
like Ms. Yasmin, say such prac-
tices penalize students from racial 
minorities and lower socioeconomic 
backgrounds.

Some schools, such as More-
house School of Medicine, Atlanta, 
the University of Virginia School 
of Medicine, Charlottesville, and 
the University of Arizona College 
of Medicine, Tucson, perform a 
thorough review of candidates 
while offering admissions practices 

designed specifically for legacy appli-
cants. The schools assert that legacy 
designation doesn’t factor into the 
student’s likelihood of acceptance.

Legislation may end legacies
In December, Ms. Yasmin and a 
group of Massachusetts Medical 
Society student-members presented 
another resolution to the state med-
ical society, which adopted it. The 
society’s new policy opposes the use 
of legacy status in medical school 
admissions and supports mecha-
nisms to eliminate its inclusion from 
the application process, according to 
Theodore Calianos II, MD, FACS, 
president of the Massachusetts Med-
ical Society, in an interview. “Legacy 
preferences limit racial and socio-
economic diversity on campuses, so 
we asked, ‘What can we do so that 
everyone has equal access to med-
ical education?’ It is exciting to see 
the students and young physicians 
– the future of medicine – become 
involved in policymaking.”

Proposed laws may hasten the end 
of legacy admissions. Last year, the 
U.S. Senate began considering a bill 
prohibiting colleges receiving federal 
financial aid from giving preferential 
treatment to students based on their 
relations to donors or alumni. How-
ever, the bill allows the Department 
of Education to make exceptions 
for institutions serving historically 
underrepresented groups.

The New York State Senate and 
the New York State Assembly also 
are reviewing bills that ban leg-
acy and early admissions policies 
at public and private universities. 
Connecticut announced similar 
legislation last year. Massachusetts 
legislators are considering two bills: 
one that would ban the practice 
at the state’s public universities 
and another that would require all 
schools using legacy status to pay a 
“public service fee” equal to a per-
centage of its endowment. 

At schools like Harvard,  whose 
endowment surpasses $50 billion, 
the option to pay the penalty will 
make the law moot, Michael Walls, 
DO, MPH, president of the Amer-
ican Medical Student Association 
(AMSA), said in an interview. 
“Smaller schools wouldn’t be able to 
afford the fine and are less likely to 
be doing [legacy admissions] any-
way,” he said. “The schools that want 
to continue doing it could just pay 
the fine.” ■ 
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Momentum gains to ban 
legacy admissions
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BY BATYA SWIFT YASGUR, 
MA, LSW

Physician interactions with 
nurse practitioners (NPs) and 
physician assistants (PAs) are 

only going to increase in frequency. 
– The U.S. Bureau of Labor Statistics 
forecasts a 40% increase in the NP 
workforce by 2031, coupled with a 
28% rise in PAs.

In recent reports on the quality 
of the relationships involving these 
health care professions, survey 
respondents mostly gave positive 
accounts of collaboration, using 
words such as like “comradery,” 
“teamwork,” “congenial,” and “cohe-
sion.” But all was not perfect. Where 
and how could these important 
health care provider relationships 
improve?

PAs: ‘Competition and 
collaboration’ with RNs 
In a Medscape survey of more 
than 770 PAs about their working 
relationships with other health 
care professionals; 83% of them 
supported the idea of PAs and NPs 
practicing more independently 
from physicians, but sometimes it’s 
not easy to stay in their individual 
lanes.

One PA respondent complained 
that NPs get “more opportunities 
and preference,” another pointed 
to PA-NP “turf issues,” and a third 
griped about NPs’ “strong unions,” 
which have stoked more fighting 
about practice abilities and available 
settings.

Robert Blumm, MA, PA-C, a 
retired surgical and emergency 
medicine PA who regards himself 
as an advocate for both PAs and 
NPs, describes their interaction 

as a “mixture of competition and 
collaboration.”

On one hand, the two groups typ-
ically “cooperate and do an excellent 
job, incurring patient errors similar 
to or less than physician colleagues 
or senior residents.” On the other 
hand, Mr. Blumm conceded, there 
is some jealousy among PAs over 
NPs’ advantage in staffing and hir-
ing decisions, “since they don’t need 
[direct physician] supervision ... and 
there are limits on how many PAs 
can be supervised by one physician.”

Most PA-NP interactions are col-
laborative, although many people 
emphasize the relatively few con-
flicts, said Jennifer Orozco, DMSc, 
PA-C, president and chair of the 
American Academy of PAs.

“We see that a lot in this coun-
try,” she said. “People try to drive 
a wedge, but it’s often a misnomer 
that there’s a lot of arguing and 
infighting.”

NPs: Different backgrounds, 
same goal 
The Medscape survey also included 
information from  750 NPs on 
working relationships; 93% of them 
favored nurses and PAs working 
more independently from doctors.

April Kapu, DNP, ARPN, has 
worked closely with PAs for more 
than 20 years. “In my experience 
... they complement one another 
as health team members, although 
the education and training are 
somewhat different,” said Ms. Kapu,  
president of the American Associa-
tion of Nurse Practitioners.

Some respondents noted the dif-
ferent educational trajectories for 
NPs and PAs. “Doctors and PAs are 
taught using the same model, but 
NPs are taught under the nursing 

model,” wrote a family medicine PA.
In emergency departments where 

Mr. Blumm has worked, ICU NPs 
have an edge over PAs in terms of 
preparation, organization, and the 
tabulation of formulas. On the other 
hand, some of Mr. Blumm’s fellow PAs 
were also emergency medicine tech-
nicians or respiratory therapists, who 
had “2 years of classroom training, on 
par with that of medical students.”

Must these differences in train-
ing and education foment conflict 
between NPs and PAs? “We all bring 
something different to the table,” 
said Ms. Kapu, who also is associate 
dean for clinical and community 
partnerships at Vanderbilt Univer-
sity, Nashville, Tenn. “It is important 
to respect each person’s entry point, 
education, and training.”

Differing personalities 
and environments 
Numerous PA respondents said that 
individual personalities and work 
environments are more likely to 
trigger issues with NPs than are dif-
ferences in training.

“It depends on the team and 
situation and who the people are, 
not the letters behind their names,” 
an emergency medicine PA wrote. 
A surgical PA noted that “group 
dynamics and work culture differ 
from place to place,” while a third 
PA agreed that “it’s personality 
dependent, not title dependent.”

No single formula will resolve 
areas of NP-PA conflict, Ms. Orozco 
said. “What works in Chicago 
might not work in rural Colorado 
or Texas or California, but we do 
have to come together. The overall 
focus should be on greater flexibility 
for PAs and NPs. Patients will fare 
better.”

Joint research, publishing 
could help 
About a decade ago, Mr. Blumm 
joined with another PA and an NP 
to form the American College of 
Clinicians, the first joint PA-NP 
national professional organization. 
Although it disbanded after 6 years, 
owing to low membership, he hopes 
a similar collaboration will take off 
in the future.

“I also recommend that PAs and 
NPs publish articles together, with 
research as an excellent place to start,” 
he added. “PAs and NPs should stand 
together and be a source of healing 
for all our patients. Regardless of our 
titles, our responsibility is to bring 
healing together.” ■

BUSINESS OF MEDICINE 

NP-PA interactions: How the relationship can improve
Corinne Young, MSN, FNP-C, 
FCCP, comments: It’s import-
ant to point out the vast 
consensus 
of advanced 
practice 
practitioners  
were positive 
about work-
ing together. 
Focusing on 
the minority 
aims to drive 
a wedge between professions 
that serves no purpose other 
than to undermine the pro-
fessions. The fact that 83% 
of PAs and 93% of NPs sup-
port working with each other 
should be commended and is 
not likely repeatable among 
other parallel work groups. 
Over the past 18 years of 
working in multiple hospitals 
and states with all varieties 
of health care professionals, I 
too have had the experience 
represented by the majority 
and have not witnessed the 
West Side Story-esk turf war 
the article implies. However, 
if singing and dancing is 
promised… I’m in!
Corrine Young is a member 
of the CHEST Physician  
Editorial Board.
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