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Abstract

Background X-linked myotubular myopathy (XLMTM) is a rare, life-threatening congenital myopathy with multisys-
tem involvement, often requiring invasive ventilator support, gastrostomy tube feeding, and wheelchair use. Under-
standing healthcare resource utilization in patients with XLMTM is important for development of targeted therapies
but data are limited.

Methods We analyzed individual medical codes as governed by Healthcare Common Procedure Coding System,
Current Procedural Terminology, and International Classification of Diseases, 10th Revision (ICD-10) for a defined
cohort of XLMTM patients within a US medical claims database. Using third-party tokenization software, we defined a
cohort of XLMTM patient tokens from a de-identified dataset in a research registry of diagnostically confirmed XLMTM
patients and de-identified data from a genetic testing company. After approval of an ICD-10 diagnosis code for
XLMTM (G71.220) in October 2020, we identified additional patients.

Results A total of 192 males with a diagnosis of XLMTM were included: 80 patient tokens and 112 patients with the
new ICD-10 code. From 2016 to 2020, the annual number of patients with claims increased from 120 to 154 and the
average number of claims per patient per year increased from 93 to 134. Of 146 patients coded with hospitalization
claims, 80 patients (55%) were first hospitalized between 0 and 4 years of age. Across all patients, 31% were hospital-
ized 1-2 times, 32% 3-9 times, and 14% > 10 times. Patients received care from multiple specialty practices: pulmo-
nology (53%), pediatrics (47%), neurology (34%), and critical care medicine (31%). The most common conditions

and procedures related to XLMTM were respiratory events (82%), ventilation management (82%), feeding difficulties
(81%), feeding support (72%), gastrostomy (69%), and tracheostomy (64%). Nearly all patients with respiratory events
had chronic respiratory claims (96%). The most frequent diagnostic codes were those investigating hepatobiliary
abnormalities.

Conclusions This innovative medical claims analysis shows substantial healthcare resource use in XLMTM patients
that increased over the last 5 years. Most patients required respiratory and feeding support and experienced multiple
hospitalizations throughout childhood and beyond for those that survived. This pattern delineation will inform out-
come assessments with the emergence of novel therapies and supportive care measures.
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Introduction

In X-linked myotubular myopathy (XLMTM), mutations
of the MTMI1 gene that encodes myotubularin protein
lead to myotubularin deficiency and a rare, life-threaten-
ing congenital myopathy [1] with estimated incidence of
1 in 40,000-50,000 newborn males [2]. Myotubularin is
required for normal development, maturation, and main-
tenance of skeletal muscle cells; thus, deficiency affects
skeletal muscles throughout the body [1, 3, 4]. Histori-
cally, approximately half of affected male infants died
before 18 months of age, most often related to respiratory
failure [5-7]. These children rely on intensive medical
intervention for survival [5-7].

Natural history studies have demonstrated multisystem
involvement in XLMTM and cumulative morbidities that
contribute to extensive disease burden. These include
respiratory failure and resulting need for invasive venti-
lator support, feeding and swallowing impairments and
associated aspiration risks leading to need for gastros-
tomy tube feeding, inability to ambulate independently
requiring wheelchair use, absent or delayed attainment of
major motor milestones, scoliosis and other musculoskel-
etal morbidities, and hepatobiliary disease and hepatic
vascular abnormalities, such as peliosis [5, 6, 8—10].

Presently, there are no approved treatments that alter
the disease pathology in XLMTM and no established
consensus on disease management. Multidisciplinary
supportive care for the aforementioned multisystemic
manifestations of chronic, profound muscle weakness is
required to prolong life and support mobility [5-7]. Mul-
tisystem disease involvement means that management
and care of XLMTM is broad and complex and diagnosis,
established or confirmed by genetic testing, can involve
numerous diagnostic procedures and extensive health-
care resource utilization. Direct medical costs and health
care resource utilization for children with XLMTM were
recently estimated at $897,978 per patient in the first year
of life and nearly $1.5 million total for patients who sur-
vive the first 4 years [11].

Although significant numbers of carrier females expe-
rience variable degrees of disability [12], we limited this
analysis to males with XLMTM as they represent the
large majority of affected individuals and experience
complete penetrance of pathogenic mutations in the
hemizygous state [2]. To further refine our understand-
ing of the disease burden imposed by XLMTM we uti-
lized a novel approach to claims analysis involving a
comprehensive insurance claims database and artificial
intelligence capabilities to quantify the disease burden of
XLMTMW, including multidisciplinary disease manage-
ment; multiple comorbid conditions; and the need for
hospitalization, invasive ventilation, and feeding support.
In addition, the release of an International Classification
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of Diseases, 10th Revision (ICD-10) code for XLMTM in
October 2020 allowed for more precise identification and
assessment of these patients.

Methods

Data collection

We set out to identify a known cohort of male XLMTM
patients within IPM.ai’s (Florham Park, NJ, USA)
licensed patient-level data, consisting of US medical
and pharmacy claims for more than 300 million unique
patients across commercial and Center for Medicare
and Medicaid services (CMS) payors. Typically, Boolean
logic can be applied to medical coding (diagnosis, pre-
scription, and procedure codes) using the ICD-10 code
to arrive at the closest approximation of the confirmed
patient cohort. However, until the approval of a specific
ICD-10 code for XLMTM in October 2020, XLMTM was
most commonly grouped with other myopathies under
the G71.2 (congenital myopathies) ICD-10 code, which is
not specific to XLMTM. Therefore, we needed to lever-
age an external data source to more accurately define an
XLMTM patient cohort.

A de-identified dataset of XLMTM patients from
an existing research registry of molecularly confirmed
XLMTM patients at Boston Children’s Hospital was uti-
lized to define a derivation set of patients. In order to
maintain patient privacy, the statistical authors (IPM.
ai, Florham Park, NJ, USA) engaged a third-party appli-
cation (Datavant, San Francisco, CA, USA) to complete
HIPAA-compliant patient tokenization (i.e., the process
of replacing sensitive data with non-sensitive placehold-
ers called “tokens”). The datasets in this publication were
linked using privacy-preserving record linkage pro-
vided by Datavant [13]. Datavant’s solution uses person-
ally identifiable information to create encrypted tokens,
which are de-identified, unique and irreversible patient
keys. Tokens are used to match individual records across
different data sets without ever exposing the personally
identifiable information of the patient to whom each
record belongs. Thus, protected health information was
not shared between the patient registry and the IPM.ai
claims dataset.

The dataset consisted of 113 de-identified patient
tokens, of which 76 matched the claims dataset. By
engaging a genetic testing company (Invitae, San Fran-
cisco, CA, USA), Astellas Gene Therapies also purchased
data on XLMTM patients confirmed through diagnos-
tic testing. Through the same third-party tokenization
software, IPM.ai incrementally identified four additional
XLMTM patients, increasing the study population to 80
patient tokens matched in the claims dataset.

Finally, since the approval of ICD-10 diagnosis code
G71.220 for XLMTM in October 2020, 135 male patients
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have been coded with G71.220, 23 of whom were previ-
ously identified through patient registry or genetic test-
ing tokens, yielding a net increase of 112 patients for a
total analysis population of 192 unique patients.

Medical code grouping

The research team analyzed individual medical codes
as governed by Healthcare Common Procedure Cod-
ing System (HCPCS), Current Procedural Terminology
(CPT), and the ICD-10. While each code carries specific
information on care delivered to the patient, it is often
the case that a diagnosis may have multiple sub-codes.
Reporting the frequency with which a cohort of patients
presents with a diagnosis of interest requires grouping
like codes together, so as to track the overall occurrence
of the disease. For example, a patient with scoliosis may
have in their history a code for “Scoliosis, unspecified”
(M41.9), as well as “Other forms of scoliosis, lumbar
region” (M41.86). If each code were reported indepen-
dently, one could not ascertain whether the same patient
appeared with one or both codes. To ensure the number
of patients with each comorbidity or procedure was as
accurate and comprehensive as possible, a cross-func-
tional team of physicians reviewed and aligned on the
individual medical codes that were deemed appropriate
to group together.

Physician identifier remapping

Health care providers are most commonly identified
in data using their National Provider Identifier (NPI), a
unique 10-digit identification number containing their
profile detail, including name, address, and self-reported
specialty. It is not unusual for provider specialty data to
be inaccurate, whether due to further sub-specialization
or original mis-capture of the data. The research team
conducted a process of reconciling NPI details by con-
structing a web-scraping tool and overriding provider
specialty using the most recent data captured on their
practice biography. All data contained in the analysis—
namely, care utilization by specialty—are based on this
revised NPI information.

Approval for use of Boston Children’s Hospital Registry

One of the authors (Dr. Beggs) directs a research study
with an umbrella protocol (Protocol number 03-08-128R)
approved by the Boston Children’s Hospital institutional
review board (IRB) entitled “Molecular Analysis of Neu-
romuscular Disease” Under the terms of this protocol,
the informed consent form specifies that de-identified
data and samples may be shared with researchers outside
Boston Children’s Hospital for related studies of neuro-
muscular disease led by other qualified investigators,
academic institutions, and businesses. To permit use of
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the tokenization software behind the Boston Children’s
Hospital secure firewall, the protocol and software pack-
age underwent security review by the Boston Children’s
Hospital Clinical Research Informatics Team, which
approved its use for the described purpose of deidenti-
fying the Beggs Study cohort of XLMTM patients. That
review was accepted by the (IRB), which subsequently
approved an amendment to the IRB protocol allow-
ing tokenization and sharing of tokens with IPM.ai and
Astellas Gene Therapies (formerly, Audentes Therapeu-
tics). All storage, manipulation, and processing of patient
identifiers to generate tokens was performed on secure
encrypted computing devices protected by the Boston
Children’s Hospital institutional firewall.

Statistical analysis

In every case where there are fewer than or equal to three
patients, HIPAA suppression logic was applied to remove
the risk of reidentification. All patients who met this cri-
terion were subsequently noted with the value of “<3”
and no efforts were made to reidentify or reverse engi-
neer any volumes of patients. The absence of a code did
not necessarily mean that the event did not occur, due
to conventional coverage gaps that occur in open claims
datasets. Unless otherwise suppressed for compliance
purposes, all cohort # sizes are indicated. Where # sizes
are 30 or fewer patients, analyses should be interpreted
as directional. All analyses were performed using an open
universe of claims dataset, with the queries written in
SQL code. Descriptive statistics (frequencies and propor-
tions) were generated for categorical variables.

Results

Patients and providers

Our analysis included 192 males with a diagnosis of
XLMTM, including 80 patient tokens and 112 patients
classified with the new XLMTM ICD-10 code (Fig. 1).
Fifty percent of patients were 0 to 4 years of age when
they received their first congenital myopathy diagnosis
(Fig. 2). At the time of the last reported claim for each
patient, 121 patients (63%) were < 18 years old, 31 patients
(16%) were 18-24 years old, 20 patients (10%) were
25-34 years old, and 20 patients (10%) were>35 years
old.

XLMTM patients with a congenital myopathy diag-
nosis received care from a variety of specialty practices
(Table 1). Approximately half were seen in pulmonology
(53%) and pediatric practices (47%) and about one-third
were seen by neurology (34%) and critical care medicine
(31%). Regionally, most of the health care providers car-
ing for XLMTM patients were located in the eastern half
of the US and along the west coast (Additional file 1: Fig.
S1).
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Fig. 1 Flow diagram illustrating methods of ascertainment of study cohort subpopulations and the flow of information through the tokenization
and data extraction process
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Fig. 2 Age at first known congenital myopathy diagnosis in XLMTM
patients (N=184). Actual first congenital myopathy claim could be
at an earlier age depending on the amount of patient history in the
dataset. Eight patients did not have a congenital myopathy diagnosis

Table 1 Specialists seen by XLMTM patients with a congenital
myopathy diagnosis (N =124)

Specialty* No. of patients Percent
of
patients

Pulmonology 101 53%

Pediatrics 91 47%

Neurology 66 34%

Critical Care Medicine 60 31%

Emergency Medicine 46 24%

Otolaryngology 37 19%

Gastroenterology 37 19%

*“Pediatrics” represents general pediatricians not specialized in any particular
organ system. Other categories can be assumed to represent specialists in either
pediatric or adult medicine as appropriate for the age distribution of the patient
population

During the study period from 2016 to 2020, the num-
ber of patients with claims each year increased steadily
from 120 to 154 and the average number of claims per
patient per year increased from 93 to 134 (Fig. 3).

Diagnostic and therapy utilization

The most common conditions and procedures related to
XLMTM (Table 2) reflect high disease burden, including
respiratory events (82%), ventilation management (82%),
tracheostomy (64%), feeding difficulties (81%), feeding
support (72%), gastrostomy (69%), scoliosis (42%), other
myopathies (77%), wheelchair equipment (56%), and
critical and emergency care (71%). Among patients who
experienced respiratory events, most experienced acute
respiratory distress or arrest (54%), nearly all experienced
chronic respiratory events (96%), and others had medi-
cal coding that classified respiratory issues as acute and
chronic (46%). Medical codes were classified as acute
when explicitly stated as “acute” in the ICD-9 or ICD-10
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Table 2 Common conditions and procedures/services related
to XLMTM in the overall XLMTM population with a diagnosis of
congenital myopathy

Percent of
patients
(N=192)
Conditions
Respiratory distress, failure, arrest 82%
Acute 54%
Chronic 96%
Acute and chronic 46%
Feeding difficulties and related problems 81%
Gastrostomy* 69%
Tracheostomy* 64%
Ventilator use or dependence 61%
Other myopathies 77%
Scoliosis 42%
Liver disorders 33%
Wheelchair dependence 21%
Procedures/services
Ventilation management or equipment 82%
Feeding support 72%
Critical or emergency care 71%
Tracheostomy (procedure or supplies)* 62%
Wheelchair equipment 56%
Gastrostomy (procedure)* 52%
Hospital/Inpatient care 46%
Occupational Therapy or Phyiscal Therapy 49%
Home care 35%

* Gastrostomy and tracheostomy coding are each based on the presence of
ICD-10 diagnosis coding. When available in diagnosis coding, patients are
counted under “Conditions” When procedures or durable equipment associated
with gastrostomy and tracheostomy are available in CPT coding or ICD-10
procedures, patients are counted under “Procedures/Services”
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code; medical codes were classified as chronic when
explicitly stated as “chronic” in ICD-9 or ICD-10 coding
or could not be ascertained from the code description
as acute or chronic; any codes described as “acute and
chronic” were labeled as such.

The most commonly prescribed medications (Fig. 4)
were those often used to treat respiratory illness and
infection, including albuterol (38%), amoxicillin-clavula-
nate (32%), fluticasone propionate (31%), and amoxicillin
(30%). The most frequently used diagnosis and procedure
codes (Table 3), however, were for investigation of various
cholestatic and liver abnormalities, including, gamma-
glutamyl transferase [25]; abnormal serum enzyme; other
or unspecified [21]; jaundice [17]; elevation of aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), or lactate dehydrogenase (LDH) [12]; obstruc-
tion of gallbladder or bile duct [11]; and cholelithiasis
[10]. Abnormal living function/imaging was present in
16 (8%) patients, disorders of bilirubin metabolism in 9
(5%) patients, and the combination of abnormal serum
enzyme levels and disorders of bilirubin metabolism in
27 (14%) patients.

Inpatient claims

The total number of observed annual inpatient claims
increased from 5,914 in 2016 to 11,513 in 2020 and
the average number of inpatient claims per patient

Albuterol

Amoxicillin-clavulanate potassium
Fluticasone propionate
Amoxicillin

Azithromycin

Sulfamethoxazole-trimethprim

Medication

i
S

Ciprofloxacin-dexamethasone*

Nystatin

Sodium chloride

Ciprofloxacin HCL

o
X
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annually increased from 57 to 92 over the same time
period (Table 4).

Hospitalizations, excluding normal birth deliveries,
were analyzed in aggregate (n=146), then further seg-
mented based on unplanned hospitalizations (n=107)
and planned hospitalizations (n=121) (coding provided
in Additional file 1: Table S1). Approximately half of
patients (55%, n=280) experienced their first hospitaliza-
tion between 0 and 4 years of age: across all age groups,
76% experienced any hospitalization, 55% for unplanned
and 63% for planned hospitalizations Fig. 5). The greatest
proportion of patients experienced 1 to 2 hospitalizations
(31% any, 27% unplanned and 32% planned) (Fig. 6).

Discussion

This study utilized a novel claims data analysis involv-
ing a comprehensive insurance claims database and
artificial intelligence capabilities to quantify the disease
burden of XLMTM. Results document the substantial
disease burden of XLMTM, including extensive health
care resources needed to care for these patients, specifi-
cally respiratory and ventilator support, tracheostomy,
gastrostomy tube feeding, wheelchair use, critical and
emergency care, medications for respiratory illness and
infections, and hospitalizations. Caring for these patients
required multispecialty involvement (pulmonology, pedi-
atrics, neurology and critical care medicine) and high
rates of multiple hospitalizations, surgical procedures,

38% N=117
32%
31%
30%
26%
24%
b
22%
21%
21%

20% 40% 60%

Percent of patients with therapy code

*Ciprofloxacin-dexamethasone is administered as ear drops
Fig. 4 Common medications
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Table 3 Frequency of applicable diagnosis and procedure codes searched across 192 patients
Diagnosis or Procedure Description Code(s) Frequency
Abnormal serum enzyme, other or unspecified ICD9: 790.5 & ICD10: R74.X 21
Alpha-1-antitrypsin deficiency ICD9: 2734 &ICD10:E88.01 <3
Ascites ICD9: 789.59 & ICD10: R18.8 6
Biliary atresia, congenital ICD9:751.61 &ICD10: Q44.2 <3
Cholangitis ICD9: 576.1 & ICD10: K83.0 0
Cholecystitis ICD9: 575x & ICD10: K81.x <3
Cholelithiasis ICD9: 574.x & ICD10: K80.x 10
Cholelithiasis w/ obstruction ICD9: 574.x & ICD10: K80.x 0
Cholesterolosis ICD9:576.6 &ICD10: K82.4 0
Disorders of bilirubin metabolism ICD9: 2774 & ICD10: E80.x 9
Elevation of AST, ALT, or LDH ICD9: 7904 & ICD10: R74.0 12
Endoscopic retrograde cholangiopancreatography (ERCP) CPT: 43260-43278 & CPT: 0397T 0
Galactosemia ICD9: 271.1 &ICD10: E74.21 0
Gamma-glutamyl transferase CPT: 82977 25
Hepatitis, infectious ICD9: 070.x,091.62, 130.5, 573, & ICD10: B0O,81, B15.x, B16.x, <3
B17.x,B18x,B19.x,B25.1,B26.81, B58.1, B94.2, 098.x, V02 x
Hepatitis, infectious, neonatal ICD10: P35.3 0
Hepatitis, non-infectious ICD9: 571x,573.3 &ICD10: K73, K75.x 6
Hepatomegaly ICD9: 789.1 &ICD10: R16.x 6
Jaundice ICD9: 782.4 &ICD10: R17 17
Jaundice, neonatal ICD9: 774.x & ICD10: P58.x, P59.x 9
Laparoscopic cholecystectomy CPT: 47562-47564 <3
Lithotripsy CPT: 50590 <3
Magnetic resonance cholangiopancreatography (MRCP) CPT:S8037 0
Obstruction of gallbladder or bile duct ICD9: 575.2,576.2 &ICD10: K82.0, K83.1 11
Other congenital malformation of bile ducts, liver or gallbladder ICD9: 751.x & ICD10: Q44.x <3
Other disease of biliary tract ICD9: 576.x & ICD10: K83.x, Q44.4, Q44.5 7
Other disease of gallbladder ICD9: 575X, 576.3 &ICD10: K82.X 5
Other liver diseases ICD9: 571.x,573.x, 751.%, & ICD10: K76 x, Q44., Q44.7 0
Pruritus ICD9: 698.x & ICD10: L29.x 6
Toxic liver disease ICD10: K71.x 0

AST: aspartate aminotransferase; ALT: alanine aminotransferase; CPT: Current Procedural Terminology; ICD: International Classification of Disease; LDH: lactate
dehydrogenase

Table 4 Average number of annual inpatient claims across all patients in aggregate

Year Total number of inpatient claims Unique XLMTM patients in dataset Average number of annual
inpatient claims per XLMTM
patient

2016 5914 103 57

2017 7417 102 73

2018 9580 108 89

2019 11,084 128 87

2020 11,513 125 92

Data are based on claims with an inpatient hospital place of service designation

and use of assistive devices. Notably, the average num-  gender-matched controls in the IPM.ai claims database
ber of inpatient claims per patient aged O to 4 and 5 to  representing the general population, the average inpa-
12 were 23.2 and 23.8, respectively. Among age- and tient claims per year for patients O to 4 years and 5 to
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12 years of age were 0.3 for both groups (Table 5). Inter-
estingly, the number of claims increased between 2016
and 2020. It is not apparent from the data what might
account for this, but the shift from ICD-9 to ICD-10 in
October 2015 may have increased granularity in the later
years and the new XLMTM-specific ICD-10 code and
increased genetic testing in general might have contrib-
uted to improved data capture.

These findings are largely consistent with the high
disease burden associated with need for mechanical
ventilation, gastrostomy tube feeding, and wheelchair
requirement reflected in the limited natural history stud-
ies of XLMTM [5-9], including the RECENSUS retro-
spective chart review of 112 males with XLMTM. This
is likely due, in part, to a high degree of patient overlap
between the RECENSUS study cohort [5, 6] and this
claims analysis data set (76 of the patient tokens in our
study were also RECENSUS patients). However, the
RECENSUS study focused on disease manifestations
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Table 5 Average inpatient claims per year for patients with
XLMTM and the general population

Age Group Average claims per Average claims per

year per XLMTM year per general
patient population*
0-4 years old (N=86) 232 03
5-12yearsold (N=85) 238 03
13-17 years old (N=45) 14.1 02
18+ years old (N=60) 18.0 04

*Source: IPM.ai claims dataset, consisting of >300 million US patient lives

and recorded medical management and was limited by
incomplete availability of data, while our all-claims analy-
sis represents a more complete overview of all aspects of
the patients’ medical care. For example, in the RECEN-
SUS study, codes for diagnosis of hepatobiliary disease
were among the most common ICD-10 codes utilized
despite hepatobiliary disease not being a primary mani-
festation of XLMTM. Use of a certain ICD-10 code, how-
ever, does not mean the patient has the disease of interest.
Physicians often refer XLMTM patients to gastroenterol-
ogy for liver evaluation, using a code for liver abnormal-
ity despite the absence of overt liver disease. This finding
of high use of hepatobiliary ICD-10 codes highlights an
area requiring further study in light of recent reports
of hepatobiliary abnormalities as an under-appreciated
aspect of XLMTM, including cholestasis [14, 15], hyper-
transaminemia and hyperbilirubinemia with hepatopathy
and cholestasis [16, 17].

Our claims analysis expands on the findings from
an economic analysis by Sacks et al. showing very high
medical costs and intense healthcare resource utiliza-
tion associated with caring for patients with XLMTM
[11]. First hospitalization between 0 and 4 years of age
for 80% of patients in our study supports Sack et al’s
estimate of mean monthly per patient direct medical

Planned Hospitalizations
(N=121)

14%

4% 3% 3% 4% 3% 296 4% 294 10, I4% 5%
| | |

6 7 8 9 10+

# of Occurrences

Fig.6 Number of hospitalizations (any, unplanned, and planned)
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costs being highest in the first year of life ($74,831), with
declining costs over the second, third, and fourth years
of life ($23,207, $13,044, and $9,440, respectively) [11].
In addition, inpatient admissions ($69,025) accounted
for the majority of the mean monthly per patient direct
medical costs [11]. Both studies identified the major bur-
den of ventilator support and ventilation management.
Moreover, our study quantified the extensive use of tra-
cheostomy, gastrostomy tube feeding, wheelchairs, occu-
pational and physical therapy, and home care services.
The Sacks et al. analysis estimated the mean monthly per
patient prescription medication cost at $540 [11] and
we have shown that the most common medications pre-
scribed for these patients are medications for respiratory
illnesses and infections.

The use of deidentified tokens for record match-
ing across research consortia and between identified
research databases and anonymized public databases
has been growing [18], and a recent study reported 99%
precision for matching among 20,002 record pairs when
first name, last name, gender, and date of birth were
tokenized [19]. However, as this analysis employed a
novel use of artificial intelligence capabilities on both
commercial and CMS payor databases, namely Medic-
aid claims, it has inherent limitations. Capture of open
claims data relies on billing codes that may not accu-
rately reflect the care delivered or the clinical reason-
ing for ordering a given test or procedure. In addition,
the existing challenges of using nonspecific congeni-
tal myopathy ICD-10 codes in research on XLMTM
were further complicated by the release of the new
XLMTM-specific diagnosis code during the study time
frame. Given the newness of this code, it will be impor-
tant to validate how rigorously it is being applied, and
whether care providers are limiting its use to patients
with genetically confirmed diagnoses. Finally, the need
to group like codes together into a code set for report-
ing purposes of some data limited the granularity of
our analysis. Similarly, our age-group coding was struc-
tured to group events within the patients first 4 years of
life in order to avoid reporting distinct patient counts
fewer than four patients. However, this approach pre-
cludes looking specifically at coding for events within
the first year of life, which could be useful in the set-
ting of XLMTM research. We also saw an unexpect-
edly high number (n=20) of XLMTM patients older
than 35 years, 17 of whom were identified of the basis
of ICD-10 code, which raises the question of whether
some older males with congenital myopathy on muscle
biopsy are being coded as XLMTM without the benefit
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of genetic testing. Thus, although at least three patients
with molecular confirmation of MTM1 mutations were
over the age of 35, analysis of age at diagnosis and first
hospitalization (Figs. 2 and 5) should be considered in
light of the possibility that some of the other 17 might
reflect overuse of the XLMTM ICD-10 diagnostic code.

Due to the nature of open source databases, our find-
ings likely underestimate the XLMTM disease burden.
While the IPM.ai dataset (and others like it) represents
CMS and privately insured patients, there are coverage
gaps when using open source data. In particular, the
available in-hospital data often include only admission
and discharge data and the events happening within
the hospital stay are not captured. Nonetheless, our
analysis is more broadly representative of the general
US population than the more idiosyncratic RECENSUS
dataset, which was based on a research program from a
specific patient registry.

While currently there are no disease-modifying ther-
apies approved to treat XLMTM, several novel thera-
peutic strategies have shown promise in pre-clinical
disease models, including tamoxifen [20], PIK3C2B
inhibition [21], dynamin 2 reduction [22], and intra-
muscular injections of either adeno-associated virus
(AAV)-shRNA or AAV-mediated gene replacement
therapy (resamirigene bilparvovec) [23-26]. Our
improved understanding of the unmet medical burden
reflected in these claims data will enable rigorous and
appropriate risk—benefit considerations as these and
other therapies are developed and become available.

Conclusions

To our knowledge, this is the first analysis to combine
a comprehensive claims database with artificial intel-
ligence capabilities to quantify the extensive disease
burden and health care resources needed to provide
patients with XLMTM the care they rely on for sur-
vival. These data will be valuable for assessing health-
care resource utilization for future disease-modifying
therapies relative to the current supportive care.
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