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Objective: In 2021 the U.S. FDA issued a Class 1 safety recall notice for specific devices due to a risk of carcinogen expo-
sure. The objective of this study was to evaluate reports of cancer linked to CPAP devices to understand implications for the
field of sleep medicine.

Methods: Cases of cancer involving CPAP devices were retrieved from the MAUDE database from 2014 to 2021 and ana-
lyzed with descriptive statistics.

Results: A total of 2571 patient injuries were associated with CPAP. Reports of cancer (n = 209; 4.62%) were the second
most commonly documented patient problem associated with CPAP, although 1950 (43.13%) patients had a device problem
without an associated injury. Of the 209 cancer cases associated with CPAP, 200 (95.7%) of the adverse event reports were
received by the FDA in 2021. There were 174 (9.15%) descriptions of the CPAP polyurethane sound abatement foam
degrading in association with a cancer diagnosis, but degradation was more commonly not associated with malignancy
(n = 1728; 90.85%). Other frequently documented CPAP device problems included broken devices (n = 279; 6.92%), fire
(n = 182; 4.51%), and patient-device incompatibility (n = 144; 3.57%).

Conclusion: Malignancy associated with CPAP devices has been reported; however, future studies are required to estab-
lish causation. Given 95.7% of those documented cases were reported in 2021, otolaryngologists should be prepared to discuss
the risks of carcinogenesis associated with CPAP. The otolaryngology community should also be aware of the potential band-

wagon effect and the implications for CPAP compliance.
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INTRODUCTION

Obstructive sleep apnea (OSA) affects a large propor-
tion of the general population, with an approximate prev-
alence of 15%—-30%." A consequence of untreated sleep
apnea is excessive fatigue during the day, which is known
to negatively impact daily function, including decreasing
workplace productivity and increasing risk of motor vehi-
cle accidents.>® Long-term consequences of sleep apnea
include resistant hypertension, increased stroke risk, and
major morbidity, which have been shown to contribute to
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early mortality.*® Studies have consistently described the
adverse effects and decreased quality of life associated
with untreated OSA. Guidelines from the American Acad-
emy of Sleep Medicine recommend continuous positive
airway pressure (CPAP) as the gold standard for OSA
management.® Given the poor outcomes associated with
untreated OSA, understanding factors that affect compli-
ance with CPAP is an important clinical question that
has health implications for a large number of patients.
The U.S. FDA issued a Class 1 safety recall notice in
July of 2021 for CPAP devices due to risk of carcinogen
exposure from degradation of the polyurethane sound
abatement foam.” Class 1 safety recall notices are the
most serious type of recall only used in cases of severe
injury or death. CPAP devices function by producing air-
flow through a well-fitted mask that creates enough pres-
sure to force the upper airway open, thereby reducing
hypoxemic events associated with respiration during
sleep. The efficacy of CPAP machines is well established
in the literature, with numerous studies demonstrating
the health benefits of the devices.®° These devices are
ubiquitous as reflected in the over 15 million devices that
were affected by the 2021 Class 1 recall.” Additionally,
CPAP devices are expected to become more common
given that the prevalence of OSA is projected to increase
in part due to the rising rates of obesity.>? However, the
association between CPAP devices and carcinogenesis
coupled with the Class 1 recall notice has the potential to
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produce a deleterious effect on CPAP compliance through
influencing public perception, similar to publication of the
literature, now retracted, linking autism to vaccination.
These events underscore the critical nature of under-
standing the association between malignancy and CPAP
to provide proper patient education.

There have been no previous studies, to the best of
our knowledge, that have examined the implications of
the U.S. FDA Class 1 recall notice on reports of malig-
nancy associated with CPAP. Previous studies have
examined adherence to CPAP therapy and all-cancer inci-
dence, but the literature does not currently include any
reports of cancer or deaths related to the degradation of
the polyurethane sound abatement foam.!° This makes
sense given that the recall notice was issued on July
22, 2021. The recall notice was based on 1200 adverse
events and 100 patient injuries documented in the Manu-
facturer and User Facility Device Experience (MAUDE)
database. We sought to utilize the same MAUDE data-
base to understand the association between CPAP and
carcinogenesis as well as to discern previously uni-
dentified national trends. Our hypothesis was that
reports of malignancy associated with CPAP increased in
2021 following the U.S. FDA Class 1 recall notice. We
hope that the findings presented in this study will help
better inform otolaryngologists and sleep specialists to
provide proactive recommendations.

MATERIALS AND METHODS

This study was deemed exempt from review by the Cleveland
Clinic Institutional Review Board due to the public nature of the
database. The MAUDE database is maintained by the U.S. FDA.
The MAUDE database is derived from adverse event reports
collected from both mandatory reporters (e.g., manufacturers)
and voluntary reporters (e.g., physicians).!! The database was
queried from January 1, 2014, to October 17, 2021 for all docu-
mented adverse events related to the “BZD” product code,
which corresponds to Ventilator, Non-Continuous (Respirator).
Cancer was defined by the “Patient Problem” variable, and deg-
radation of the sound abatement foam was defined by the
“Device Problem” variable. The “Date Received” variable was
used to determine the year in which the adverse event was
reported. A single adverse event report could contribute to mul-
tiple device problems and patient problems. Descriptive statis-
tics and trend modeling were performed in Tableau Desktop
(version 2021.1) and Microsoft Excel (version 16.16).

RESULTS

Patient-specific adverse events associated
with CPAP

A total of 2571 patient problems with 96 distinct cate-
gories were associated with CPAP therapy. Table I
describes the 10 most common patient problems. The
median number of adverse patient events per category was
13 documented reports. Cancer was reported in 209 cases
(4.62%) of patients treated with CPAP and was the second
most common patient problem after headache, which had
212 (4.69%) adverse event reports. Most frequently, patients
had a device problem without an associated injury
(n = 1950; 43.13%). Other common injuries included
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TABLE I.
The Most Common Patient Events Associated with CPAP.

Category n = 4521

No consequences or impact to patient 1950 (43.13%)

Headache 212 (4.69%)
Cancer 209 (4.62%)
Dyspnea 191 (4.22%)
Cough 180 (3.98%)
Respiratory problem 119 (2.63%)
Asthma 88 (1.95%)
Respiratory tract infection 73 (1.61%)
Sore throat 72 (1.59%)
Death 69 (1.53%)

dyspnea with 191 (4.22%) reports, cough with 180 (3.98%)
reports, and respiratory problems with 119 (2.63%) reports.

Temporal trends in malignancy reports

We found that 200 (95.7%) of the 209 cancer cases
associated with CPAP were received by the U.S. FDA in
2021, which is shown in Figure 1. For 2021, the date of
the report was the same as the year the report was
received in 167 cases. The range of reported cancer cases
was 200-1 with a median of two cases reported per year.
The lowest number of malignancy events was reported in
2015. In 2021, 100% of the adverse event reports for can-
cer cases related to CPAP therapy were associated with
the manufacturer specified in the Class 1 recall notice.
Prior to 2021, there were three CPAP manufacturers
linked to the nine CPAP-associated malignancy reports.

Device-specific adverse events associated
with CPAP

There were 4,034 reports of CPAP device malfunctions
sent to the FDA between 2014 and 2021. In 1902 (47.15%)
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Fig. 1. Temporal Trends in Malignancy Reports Associated
with CPAP.
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TABLE II.

The Most Common Device Problems Associated with CPAP.
Category n = 4521
Degraded 1902 (42.07 %)
Broken device 279 (6.17%)
Fire 182 (4.03%)
Device operates differently than expected 151 (3.34%)
Patient—device incompatibility 144 (3.19%)
Device emits odor 80 (1.77%)
Mechanical problem 65 (1.44%)
Break 58 (1.28%)
Disconnection 54 (1.19%)
Patient-device interaction problem 49 (1.08%)

cases, there were descriptions of the CPAP polyurethane
sound abatement foam degrading, which was the most com-
monly reported CPAP device problem (Table II). The 1902
reports of degradation included 174 (9.15%) cases associated
with a cancer diagnosis and 1728 (90.85%) cases not associ-
ated with a cancer diagnosis. A total of 98 distinct categories
of CPAP device problems were documented in the MAUDE
database. Frequently documented CPAP device problems
included broken devices (n = 279; 6.92%), fire (n = 182;
4.51%), and patient—device incompatibility (n = 144; 3.57%).
Less frequently documented CPAP device problems were
self-activation or keying (n = 3; 0.07%), inadequate instruc-
tion for health care professionals (n = 3; 0.07%), and frayed
material (n = 3; 0.07%).

DISCUSSION

CPAP is considered the gold standard for treatment of
OSA, which has an estimated prevalence of 15%—30% in the
general population.® The literature on OSA has consis-
tently demonstrated the positive health effects of CPAP
therapy, including reducing risks of cognitive impairment,
stroke, and metabolic syndrome.* However, in July 2021,
the U.S. FDA issued a Class 1 recall notice for exposure to
toxic material from the degradation of polyurethane sound
abatement foam in CPAP devices, which affected more than
15 million devices.” No previous study has sought to under-
stand the risk of cancer or death associated with exposure
to carcinogenic material from the sound abatement foam in
CPAP devices. The objective of our study was to analyze
national trends in reporting CPAP-associated cancer cases
to understand the implications of the FDA recall for the
field of sleep medicine.

National trends in cases of CPAP-associated
malignancy

To analyze trends in the association of CPAP and
tumors, we used the same database from which the Class 1
recall notice was derived. We found that 200 of the
209 reported cancer cases associated with CPAP devices
were received by the FDA in the first 9 months of 2021,
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which means that more than 95% of all documented events
were received in 2021. The 200-fold increase in the number
of cases reported emphasizes the impact of the Class 1 recall
on the public perception of CPAP therapy. Future implica-
tions have yet to be determined; however, it is well
established that negative publicity can set back a scientific
field many years. This may be best exemplified by decreas-
ing rates of childhood vaccination following the publication
of literature associating vaccination with increased risk of
developing autism.'?! Even though the original paper has
now been retracted, the anti-vaccination movement con-
tinues to maintain strength and to have significant reper-
cussions for public health efforts. Similarly, in 1999 Jesse
Gelsinger died after participating in a gene therapy clinical
trial, which had widespread and long-term negative implica-
tions for the entire field.'* A lot has been learned from these
events, in particular that public perception often engenders
reality. Given the dramatic increase in reports of CPAP-
associated malignancy cases, our study strongly indicates
that health care professionals should take a proactive
approach to educating patients about the Class 1 recall
notice.

The bandwagon effect is defined by a phenomenon
where people choose a particular belief or action because
other people are doing so (e.g., choosing a diet because it
is popular), and this effect in part explains the wide-
spread repercussions of negative media events. The abil-
ity of the bandwagon effect to overwhelm even closely
held principles has been described.'® In this way, the dra-
matic increase in reporting of malignancy associated with
CPAP in our study may be indicative of the bandwagon
effect giving rise to a perception in the general public that
CPAP therapy causes cancer. Per the bandwagon effect,
this may occur even in the absence of prospective litera-
ture assessing the risk of carcinogenesis related to sound
abatement foam in CPAP devices. Furthermore, patients
may not discern that the Class 1 recall was limited to cer-
tain devices from specific manufacturers. The literature
already consistently raises concern regarding poor com-
pliance rates with CPAP therapy.'®!” Further concern
over the risk of cancer in patients who are marginally tol-
erating CPAP could lead to increased abandonment of
this therapy, worsened compliance rates, and increased
loss to follow-up. This points to the critical nature of pro-
viding education to OSA patients to reduce the risk of
patients making an uninformed decision regarding com-
pliance with CPAP therapy. In addition, the American
Academy of Sleep Medicine (AASM) recently published
guidelines on referral to sleep surgeons.'® The guidelines
make a strong recommendation for referral to a sleep sur-
geon in any patient with a BMI < 40 who is struggling or
not-accepting CPAP. In the setting of the Class 1 recall
notice, the AASM recommendation should be taken to
heart by physicians prescribing CPAP and efforts to cre-
ate an easy workflow for referral should be established.

Degradation of CPAP polyurethane sound
abatement foam

Our study determined that, between 2014 and 2021,
there were 174 reports of CPAP polyurethane sound
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abatement foam degradation in association with a cancer
diagnosis. However, during the same time period, there
were more than 1700 cases of foam degradation that were
not associated with malignancy, and there were more
than 15,000,000 CPAP devices that were affected by the
2021 recall. Comparatively, the prevalence of all cancer
in the U.S. population is 18.2% in women and 22.4% in
men.'® Although this may provide a general starting
point for understanding the risk of cancer among CPAP
users, it should be noted that the MAUDE database is
not comprehensive as it is derived from mandatory
(e.g., manufacturers’) and voluntary (e.g., physicians’)
reports. Additionally, other studies have attempted to
quantify the malignancy risk in OSA patients treated
with CPAP. In particular, one study following CPAP
adherent patients over a 5-year period did not find a posi-
tive or negative change in all-cancer incidence.'”
Although this study did not specifically examine the risk
associated with degradation of the sound abatement
foam, the study likely included a high proportion of the
CPAP devices affected by the recall given that these
devices are the most popular brands. Future studies are
required to establish if exposure to carcinogenic material
in CPAP devices causes a higher rate of malignancy.
Future studies examining CPAP-associated malig-
nancy will be a valuable addition to the literature but may
take years of coordinated efforts to come to fruition. Addi-
tionally, carcinogenesis is determined in a laboratory set-
ting and does not always correlate with clinical findings.%°
However, this uncertainty does not mean physicians
should disregard the carcinogenic nature of certain mate-
rials. Rather, we propose that the goal be proper patient
education to make an informed decision. As indicated in
the Class 1 recall notice, if alternatives are not available,
patients should consult with physicians to “determine if
the benefit of continuing therapy with your device out-
weighs the risks identified.”” Therefore, otolaryngologists
and sleep specialists should be prepared to facilitate
informed decision-making on an individualized basis. Joint
academic recommendations regarding management of
patients affected by the CPAP recall have already been
published.?! These recommendations are particularly
important given that a timeline for replacement remains
indeterminate and may continue to be indeterminate in
the context of COVID-19 and the scope of the overall recall.
We hope that the combination of our study and the Class
1 recall notice will help raise awareness regarding the
value of taking a proactive approach to educating patients
on the association between CPAP therapy and malignancy.

Patient safety and device-specific adverse events
We identified a total of 2,571 patient injuries that
were associated with CPAP therapy. This number is rela-
tively small compared with the 15,000,000 devices
affected by the Class 1 recall notice. The difference
between the number of devices recalled and the number
of patient injuries underscores the safety of CPAP
devices. This finding is supported by previous literature
demonstrating that severe side effects do not occur fre-
quently and that most side effects are mild and can
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resolve with time.'”?? Many patients in our study had
device problems without an associated injury, which
makes sense given the noninvasive nature of CPAP ther-
apy. We did determine that the most frequent device
problems included broken devices, fires, and patient—
device incompatibility. Fire is a documented risk of CPAP
but only in high oxygen environments, which does not
reflect the standard CPAP patient.?® Overall, it is well
established that the adverse events associated with
CPAP do not constitute a disproportionate risk and that
the benefits outweigh the risks of no treatment. Patient—
device incompatibility is a frequently described issue
related to CPAP therapy. Patients often find CPAP
devices to be uncomfortable during sleep, and improper
fitting can contribute to dry eyes, nasal congestion, and
other side effects, all of which can decrease patient com-
pliance.'®"?* Knowing the most common CPAP device
problems can provide actionable targets for quality
improvement projects focused on optimizing patient out-
comes by improving patient compliance.

Limitations

The principle limitation of our study is the inherent
retrospective nature of the MAUDE database, which pre-
cludes determination of causation. The retrospective
design may also contribute to selection bias. There is a risk
of reporting bias because the MAUDE database is derived
in part from voluntary reporters who may indiscriminately
document certain adverse events and not others. In this
way, the results of the MAUDE database may represent an
under-reporting of adverse events and may influence the
precision of our findings. Given the lack of literature identi-
fying the specific malignancy associated with degradation
of the sound abatement foam, it was not possible to limit
reports based on the type of cancer. The MAUDE database
does not contain demographic variables and does not report
the total number of devices on the market. As a result, we
cannot comment on the incidence or prevalence of a specific
adverse event. Despite these limitations, our study offers
novel insight into the implications of the Class 1 recall
notice for CPAP devices and can help better inform otolar-
yngologists managing CPAP patients.

CONCLUSION

In light of the recent Class 1 safety recall notice for
CPAP devices, it is important to evaluate reports of can-
cer linked to CPAP devices to understand the implica-
tions of the recall notice. We found a dramatic rise in
reports of CPAP-associated malignancy with 95.7% of the
documented cases received by the FDA in 2021. Degrada-
tion of the CPAP polyurethane sound abatement foam
was frequently reported, but only a minority of cases were
associated with a cancer diagnosis. Future studies are
required to evaluate causation, but otolaryngologists
should be prepared to educate patients on the risks of car-
cinogenesis associated with CPAP. Additionally, the oto-
laryngology community should be aware of the potential
bandwagon effect and the implications of public percep-
tion for CPAP compliance.
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