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Abstract

Objectives
Population-based epidemiologic data for paraneoplastic neurologic syndromes (PNSs) in the

United States are lacking. Our objective was to evaluate the incidence, prevalence, and asso-
ciated morbidity of PNS.

Methods

We performed a population-based epidemiology study in Olmsted County, Minnesota, with
patients identified between January 1, 1987, and December 31, 2018, using the medical records
linkage system of the Rochester Epidemiology Project (REP) who met the definite/ probable
2021 PNS criteria and 2004 PNS criteria. Patients with dermatomyositis and myasthenia gravis
with underlying tumors were included. Age- and sex-specific population counts were obtained
from REP resources for January 1, 2014 (prevalence denominator) and annually for 1987-2018
(incidence denominator). Morbidity was estimated using disability-adjusted life years (DALYs;
years lived with disability [YLD] plus years of life lost [YLL]).

Results

There were 28 patients with PNS identified (50% female) residing in Olmsted County, Min-
nesota, with median age at diagnosis of 54.5 (IQR 46.5-69.0) years. All patients had a cancer
diagnosis, and 18 (64%) patients were neural autoantibody positive including antineuronal
nuclear autoantibody type 1 (ANNA-1/anti-Hu; n = 1), ANNA-2/anti-Ri (n = 1), muscle-type
acetylcholine receptor (AChR; n = 6), Purkinje cell cytoplasmic antibody type 1 (PCA-1/anti-Yo;
n = 1), kelch-like protein 11 (KLH11; n = 3), collapsin response mediator protein S (CRMP-S/
anti-CV2; n = 2), a-amino-3-hydroxy-S-methyl-4-isoxazole propionic acid receptor (n = 1),
neurofilament light chain (n = 1), leucine zipper 4 (LUZP4; n = 1), and unclassified neural
antibodies (n = 1). PNS incidence was 0.6/100,000 person-years and increased over time from
0.4/100,000 person-years (1987-2002) to 0.8/100,000 person-years (2003-2018) (p = 0.06).
Prevalence was 5.4/100,000 people. The median follow-up period after PNS diagnosis was 3.1
years (IQR, 1.1-9.9 years). Total disability-adjusted life years (DALYs) for 28 patients with PNS
were 472.7 years, based on total years of life lost (YLL) for patients dying between 1987 and 2018
(n = 15) of 445.3 years plus years lived with disability (YLD) 27.4 years.

Discussion

PNSs are rare neurologic disorders but are associated with severe morbidity and mortality. The
estimated number of prevalent PNS cases in the United States is 17,099, and predicted DALY
for all US PN cases is 292,393 years. Their apparent increasing rate of detection is attributable
to increasing physician awareness and availability of serologic testing.

From the Department of Neurology (S.S., E.P.F., P.P., M.F.D., V.A.L, AM., SJ.P., D.D.), Mayo Clinic; Department of Laboratory Medicine and Pathology (E.P.F.,, V.A.L,, AM., S).P., D.D.),
Mayo Clinic College of Medicine; Department of Quantitative Health Sciences (C.Y.S., S.C.B.), Mayo Clinic; Olmsted Medical Center (M.F.D.); and Department of Immunology (V.A.L.),
Mayo Clinic, Rochester, MN.

Go to Neurology.org/NN for full disclosures. Funding information is provided at the end of the article.
The Article Processing Charge was funded by the authors.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.


http://dx.doi.org/10.1212/NXI.0000000000001124
mailto:dubey.divyanshu@mayo.edu
https://nn.neurology.org/content/9/2/e124/tab-article-info
http://creativecommons.org/licenses/by-nc-nd/4.0/

Glossary

DALY = disability-adjusted life year; GBD = Global Burden of Disease; LUZP4 = leucine zipper 4; PNS = paraneoplastic
neurologic syndrome; REP = Rochester Epidemiology Project; YLD = years lived with disability; YLL = years of life lost.

Paraneoplastic neurologic syndromes (PNSs) reflect immune
responses (antibody or T cell mediated) against neural antigens
expressed by an underlying, often unsuspected, tumor which
when recognized early are amenable to treatment with immu-
notherapy along with tumor treatment." Epidemiologic data for
PNS have been reported from Europe but are lacking for the
United States, despite the growing recognition of these disorders
and advances in test methodology.”* Our primary objective is to
report the incidence and prevalence of PNS in Olmsted County,
Minnesota, a geographically defined region of the United States.
We also aim to estimate the morbidity and mortality of PNS
using the World Health Organization (WHO) Global Burden of
Disease (GBD) disability metric disability-adjusted life years
(DALYs).

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The study was approved by the Institutional Review Boards of
Mayo Clinic and Olmsted Medical Center. All patients pro-
vided consent to research use of their medical records.

The records linkage system of the Rochester Epidemiology
Project (REP, representing all medical practitioners in Olmsted
County) enabled a population-based calculation of PNS in-
cidence and prevalence among residents of Olmsted County,
Minnesota. We identified patients with diagnostic codes per-
taining to PNS as noted in Figure 1 and applied diagnostic
criteria to define prevalent cases as of January 1, 2014, and
incident cases between January 1, 1987, and December 31, 2018.
The population of Olmsted County, in southeastern Minnesota,
was 155,285 (January 1, 2014, including the city of Rochester)
and is predominantly of northern European descent. The REP
records linkage system captures all patients receiving care from
local health care providers, and the coverage is nearly 100% in
comparison to the US census estimates.* Further REP charac-
teristics are described elsewhere.*

Autoantibody Detection

Eleven frozen archival samples (1987-2014) of patients with
a diagnosis of PNS identified through medical record review
as described above were retested for more recently recognized
autoantibodies. All testing was otherwise historically per-
formed in the Mayo Clinic Neuroimmunology Laboratory by

Figure 1 Flowchart of Patient Identification, Inclusion and Exclusion, and Number of Incident and Prevalent Paraneoplastic

Neurologic Syndrome (PNS) Cases

for each autoantibody)
(N = 459)

Patients identified in Olmsted County between January 1, 1987, and December 31, 2018
using diagnostic code search (paraneoplastic neuromyopathy and neuropathy; polyneuropathy
in malignant disease; myasthenia gravis; dermatomyositis; inflammatory polyneuropathy,
unspecified; disease, CNS, inflammatory; ataxia, cerebellar, acute, and diagnostic testing codes

4

Excluded (n = 428):

+ Alternative diagnosis (425):

* Lambert-Eaton myasthenic
syndrome without cancer (2)

* NMDA receptor
encephalitis without
teratoma (1)

A 4

Patients with the diagnosis of PNS confirmed
at Olmsted County provider between
January 1, 1987, and December 31, 2018
(n=31)

Excluded (n = 3):

+ Cases not incident at the time
of diagnosis or not prevalent
on January 1, 2014 (3)

v
Incident and/or prevalent
cases of paraneoplastic
neurologic syndrome
(n=28)

Included patients met 2021 PNS criteria with PNS-
Care score >6, and/or 2004 PNS criteria, or had
paraneoplastic myasthenia gravis (cancer detected
within 2 years of neurologic symptom onset).
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standardized methodologies and was available through the
medical records.”®

Diagnostic Criteria

The included patients met definite or probable 2021 PNS-Care
criteria (score >6), a recently developed tool for identifying
paraneoplastic disease based on the 2021 updated PNS criteria,
created due to identification of new phenotypes and autoan-
tibodies in the past 20 years. The PNS-Care scores combine:
the risk associated with specific clinical phenotypes previously
defined as classical or nonclassical now categorized as high risk
or intermediate risk based on expert consensus recognition of
highly pathognomonic phenotypes (ie., encephalomyelitis,
limbic encephalitis, and sensory neuronopathy, among others),
the presence of onconeural antibodies now more granularly
categorized as high (>70% associated with cancer), medium
(30%-70% associated with cancer), and low (<30%) risk, and
cancer consistent with the antibody found within 1 or 2 years of
presentation.” Given that validation of the PNS-Care score has
not yet been performed, the patients included in the final co-
hort also met the 2004 PNS criteria as follows: 1) a classical
syndrome with development of cancer (including thymoma-
tous cancers) within 2 years of diagnosis, 2) a nonclassical
syndrome within 2 years of cancer diagnosis and either the
detection of an onconeural autoantibody (including novel
specificities not yet reported) or significant neurologic im-
provement after cancer treatment, or 3) a classical or non-
classical syndrome and detection of a well-characterized
onconeural autoantibody. Patients with dermatomyositis and
myasthenia gravis with underlying tumors were included."
Patients with Lambert-Eaton myasthenic syndrome (n = 2)
and NMDA receptor encephalitis (n = 1) without underlying
malignancy were excluded as they did not meet the PNS-Care
criteria for definite or probable PNS at long-term follow-up
greater than 2 years. Clinical syndromes, their associated can-
cers, their autoantibody seropositivity, and their classification
into either the 2004 Paraneoplastic Neurological Syndrome
Classification or 2021 Paraneoplastic Neurological Syndrome
Care Score are summarized in Table 1.

Statistical Analysis

Age- and sex-specific population counts for Olmsted County were
obtained from the REP census data for January 1, 2014 (preva-
lence denominator, per 100,000 people) and annually for
1987-2018 (incidence denominator). Incidence rates were cal-
culated for 1987-2002, 2002-2018, and 1987-2018 using total
number of person-years at risk per 100,000 person-years and
directly adjusted to the age and sex distribution of the 2010 US
census. Cls were not reported because the Olmsted County
population is completely enumerated (no sampling was in-
volved). Age-adjusted and sex-adjusted Poisson regression models
were used to compare incidence rates across 2 time periods.

Morbidity and mortality were estimated using a hybrid model of
disability-adjusted life years (DALYs), calculated as the sum-
mation of incidence-based years of life lost (YLL) and
prevalence-based years lived with disability (YLDs)."" YLL was
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defined as the standard expected years of life lost based on the
age at death from the World Health Organization Global Bur-
den of Disease.'® Using extensive population-based survey data,
GBD has provided nonfatal burden estimates including dis-
ability weights for neurologic conditions categorized as mild,
moderate, and severe motor impairment, motor plus cognitive
impairment, and long-term nerve injury, which were applied to
individuals in our PNS cohort.'>'® For each patient in the co-
hort, YLD was defined as the cumulative years from neurologic
syndrome onset to death, last follow-up, or end of the study
period (December 31, 2018) multiplied by the assigned dis-
ability weight."" Statistical analysis used SAS version 9.4.

Data Availability

Data not provided in the article because of space limitations
may be shared (anonymized) at the request of any qualified
investigator for purposes of replicating procedures and results.

Results

Twenty-eight patients were identified (50% female); median
age was 54.5 (IQR, 46.5-69.0) years; reported ethnicities were
non-Hispanic White (n = 24), Asian (n = 1), Black (n =2), and
Hispanic (n = 1). Most common cancer diagnoses were
thymoma/thymic carcinoma (n = 6, 21%), breast adenocarci-
noma (n =4, 14%), seminoma (n = 4, 14%), and small-cell lung
carcinoma (n = 4, 14%). Eighteen patients (64%) were neural
autoantibody positive: antineuronal nuclear autoantibody type
1 (ANNA-1/anti-Hu; n = 1), ANNA2/antiRi (n = 1),
muscle-type acetylcholine receptor (AChR; n = 6), Purkinje
cell cytoplasmic antibody type 1 (PCA-1/anti-Yo; n = 1),
kelch-like protein 11 (KLH11; n = 3; all with coexisting leucine
zipper 4 [LUZP4] autoantibodies), collapsin response media-
tor protein S (CRMP-5/anti-CV2; n = 2; n = 1 with coexisting
neural antibodies to leucine-rich glioma-inactivated protein 1
and glutamic acid decarboxylase titer 60 nmol/L), a-amino-3-
hydroxy-S-methyl-4-isoxazole propionic acid receptor (n = 1),
neurofilament light chain (n = 1), LUZP4 (n = 1), and un-
classified neural antibodies (n = 1). Eighteen patients (64%)
had classical syndromes, and 10 (36%) had nonclassical syn-
dromes (Table 1). Ten patients (36%) had surgical resection
only, 4 (14%) received cytotoxic chemotherapy or radiation
therapy only, and 14 (50%) underwent resection plus che-
motherapy or radiation therapy. Twenty-four patients (86%)
received immunosuppressant therapies with median modified
Rankin Scale score before and after treatment of 3 (IQR, 2—4
before and 1-4 after).

Incidence and prevalence counts are shown in Figure 1, and rates
are detailed in Table 2. Twenty-five incident cases were identi-
fied from January 1, 1987, to December 31, 2018, and overall
incidence was 0.6/100,000 person-years. Incidence was lower in
the 1987-2002 period (0.4/100,000 person-years) than in the
period 2003-2018 (0.8/100,000 person-years; p = 0.06).
Among 8 prevalent cases on 1/1/2014, the prevalence was 5.4/
100,000 people overall and 11.0/100,000 people for those aged
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Table 1 Clinical Syndromes, Associated Cancers, and Autoantibody Seropositivity; 2004 Paraneoplastic Neurological
Syndrome Classification and Paraneoplastic Neurological Syndrome Care Score of the Patients Included in the

Study
Patient Cancer Syndrome Antibody 2004 PNS? PNS-Care score®
1 SCLC Rapidly progressive cerebellar ANNA-1 Definite 10
syndrome®
2 Thymic tumor Myasthenia gravis AchR® NA NA
3 Peritoneal carcinoma Dermatomyositis None Definite NA
4 Lymphoma Limbic encephalitis None Definite 7
5 Breast carcinoma Brainstem encephalitis ANNA-2 Definite 9
6 Fallopian tube adenocarcinoma Rapidly progressive cerebellar syndrome PCA-1 Definite 10
7 Seminoma Limbic encephalitis KLHL11/LUZP4 Definite 9
8 Thymic tumor Myasthenia gravis AchR NA NA
9 Merkel cell carcinoma Rapidly progressive cerebellar syndrome NF-L Definite 7
10 SCLC Dermatomyositis None Definite NA
11 Seminoma Encephalomyelits LUZP4 Definite 7
12 NSCLC Subacute sensory neuronopathy None Definite 7
13 NSCLC Myasthenia gravis AchR NA NA
14 Primary peritoneal liposarcoma Rapidly progressive cerebellar None Definite 7
syndrome
15 Breast adenocarcinoma Rapidly progressive cerebellar UNCA Definite 7
syndrome
16 Melanoma Polyradiculoneuropathy® CRMP5/GAD Definite 9
17 SCLC Polyradiculoneuropathy None Possible 6
18 Breast adenocarcinoma Dermatomyositis None Definite NA
19 Urothelial carcinoma Nonlimbic encephalitis None Definite 6
20 Seminoma Brainstem encephalitis/rapidly KLHL11/LUZP4 Definite 9
progressive cerebellar syndrome
21 Thymic tumor Myasthenia gravis AchR NA NA
22 Thymic tumor Limbic encephalitis CRMP5/LGIN Definite 7
23 Thymic tumor Myasthenia gravis AchR NA NA
24 Thymic tumor Myasthenia gravis AchR NA NA
25 Lymphoma Rapidly progressive cerebellar syndrome None Definite 7
26 Breast adenocarcinoma Limbic encephalitis AMPA Definite 9
27 Seminoma Brainstem encephalitis/rapidly KLHL11/LUZP4 Definite 9
progressive cerebellar syndrome
28 SCLC Dermatomyositis None Definite NA

Abbreviations: AchR = muscle-type acetylcholine receptor binding antibodies (nmol/L); AMPA = a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
receptor; ANNA-1 = antineuronal nuclear autoantibody type 1 or anti-Hu; ANNA-2 = antineuronal nuclear autoantibody type 1 or anti-Ri; CRMP5 = collapsin
response mediator protein 5 or anti-CV2; GAD = glutamic acid decarboxylase; KLH11 = kelch-like protein 11 antibodies; LGI1 = leucine-rich glioma-inactivated
protein 1; LUZP4 = leucine zipper 4 antibodies; NA = not applicable; NF-L = neurofilament light chain; NSCLC = non-small-cell lung cancer; PCA-1 = Purkinje cell
cytoplasmic antibody type 1 or anti-Yo; PNS = paraneoplastic neurologic syndrome; SCLC = small-cell lung cancer; UNCA = unclassified neural antibodies.
22004 paraneoplastic neurologic syndrome criteria classification, subdivided into definite or possible classification.’®

2021 Graus updated paraneoplastic neurologic syndrome criteria classification classified as definite (score >8), probable (score 6-7), or possible (4-5).°

¢ Rapidly progressive cerebellar syndrome, formerly subacute cerebellar degeneration.

9 Muscle-type acetylcholine receptor binding antibodies were not included in analysis of incidence/prevalence by antibody subtype or required for clinical
diagnosis.

¢ Polyradiculoneuropathy per updated 2021 classification, encompassing what was formerly described as a nonclassical syndrome autonomic neuropathy.
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Table 2 Age- and Sex-Adjusted Prevalence and Incidence Rates for Paraneoplastic Neurologic Syndrome in Olmsted

County, Minnesota

Incidence Prevalence
(per 100,000 (per 100,000
person-years)? population)®
N 1987-2018¢ N January 1, 2014¢
All cases 25 0.6 8 5.4
Cases excluding dermatomyositis 21 0.5 8 5.4
Sex
Male 12 0.6 5 7.0
Female 13 0.6 3 3.4
Age group
>60y 11 1.7 3 11.0
18-60 y 14 0.6 5 5.6
Race and ethnicity
Asian 1 1.3 0 —
Black or African American 2 1.2 0 —
Non-Hispanic White 21 0.6 8 6.7
Hispanic 1 0.5 0 —
Principal syndrome?
Rapidly progressive cerebellar syndrome 8 0.2 1 0.7
Myasthenia gravis 5 0.1 2 1.4
Any encephalitis 4 0.1 4 2.7
Limbic encephalitis 3 0.1 2 1.4
Brainstem encephalitis 1 0.03 1 0.6
Nonlimbic encephalitis 0 — 1 0.6
Dermatomyositis 4 0.1 0 -
Polyradiculoneuropathy 2 0.1 0 —
Subacute sensory neuronopathy 1 0.03 1 0.6
Encephalomyelitis 1 0.02 0 —
Cancer type®f
Seminoma 4 0.2 2 2.8
Breast adenocarcinoma 4 0.2 1 1.3
Lung small-cell carcinoma 4 0.1 0 —
Thymic tumor 4 0.1 3 2.1
Fallopian tubal adenocarcinoma 1 0.05 0 —
Lymphoma 2 0.05 0 -
Lung non-small-cell carcinoma 2 0.05 1 0.6
Primary peritoneal carcinoma/liposarcoma 2 0.04 0 —
Merkel cell carcinoma 1 0.03 0 —
Melanoma 1 0.03 0 —
Urothelial carcinoma 0 — 1 0.6
Continued
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Table 2 Age- and Sex-Adjusted Prevalence and Incidence Rates for Paraneoplastic Neurologic Syndrome in Olmsted
County, Minnesota (continued)

Incidence Prevalence
(per 100,000 (per 100,000
person-years)? population)®
N 1987-2018¢ N January 1, 2014¢
Neural autoantibody positivity
Yes 16 0.4 6 4.1
No 9 0.2 2 1.3

2 Olmsted County person-years January 1, 1987-December 31, 2018, is 4,290,636 person-years (2,239,887 women, 2,050,749 men, 2,538,945 age 18-60 years,
632,639 age >60 years, 178,145 Asian, 176,733 Black or African American, 182,975 Hispanic, and 3,362,118 non-Hispanic White).

® The Olmsted County population on January 1, 2014 is 155,285 people (81,477 women, 73,808 men, 89,832 age 18-60 years, 27,175 age >60 years, 8,776
Asian, 9,985 Black or African American, 9,645 Hispanic, and 119,002 non-Hispanic White).

¢ Prevalence and incidence rates were directly adjusted to the US total population for age and sex using the 2010 census. Rates by age group were unadjusted.
The Olmsted County population was completely enumerated, not sampled, so Cls were not reported.

d Classical syndromes include rapidly progressive cerebellar syndrome, formerly subacute cerebellar degeneration (n = 8, 29%), dermatomyositis (n = 4, 14%),
limbic encephalitis (n = 4, 14%), subacute sensory neuronopathy (n = 1, 4%), and encephalomyelitis (n = 1, 4%). Nonclassical syndromes include myasthenia
gravis (n = 6, 21%, 5 with thymoma and 1 with non-small-cell lung carcinoma), brainstem encephalitis (n = 1, 4%), nonlimbic encephalitis (n = 1, 4%), and
polyradiculoneuropathy/autonomic neuropathy, n = 2, 7%). Percentages were calculated among all 28 patients with PNS.

¢ Seminoma rates were calculated among males only; breast and fallopian tubal carcinoma rates were calculated among females only.

fTotal carcinoma counts: seminoma (n = 4, 14%), breast adenocarcinoma (n = 4, 14%), lung small-cell carcinoma (n = 4, 14%), thymic tumor (n = 6, 21%),
lymphoma (n = 2, 7%), and others (n = 8, 29% [fallopian tubal, primary peritoneal carcinoma/liposarcoma, lung non-small-cell carcinoma, Merkel cell
carcinoma, melanoma, and urothelial carcinoma]). Percentages were calculated among all 28 patients with PNS.

>60 years. After excluding dermatomyositis, the incidence  people). Incidence rates for the most commonly reported PNS:
remained roughly similar at 0.5/100,000 person-years, and the  rapidly progressive cerebellar syndrome 0.2/100,000 person-
prevalence remained 5.4/100,000 person-years. Thymic tumors  years; dermatomyositis 0.1/100,000 person-years; and limbic
were identified most commonly, but seminoma incidence was  encephalitis 0.1/100,000 person-years. Among high risk para-
highest (0.2/100,000 person-years; prevalence 2.8/100,000  neoplastic antibodies, kelch-like protein 11 IgG had the highest

Figure 2 Disability-Adjusted Life Years Estimated for Each Patient in the Paraneoplastic Neurologic Syndrome (PNS) Cohort

(O PNS diagnosis
28 [ AAIAIAISA I ) 0 Alive at last follow-up
27 KX rex@ 1) ¢£3 Deceased
X Healthy

Years lived with disability by DW
Motor mild (0.012)
Motor: moderate (0.076)
B Motor: severe (0.377)
Nerve injury; long term (0.136)
Motor and cognitive: mild (0.054)
Il Motor and cognitive: severe (0.425)
B Years life lost

Paraneoplastic neurological syndrome patient number

o —=NWhUIOONO

T T
.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Years from 1987

Years of follow-up from 1987 for 28 patients. Time from 1987 to diagnosis, time patients lived with disability specified by disability weight, time to death, and
years of life lost are shown. The years lived with disability shown in the figure is calculated as the years from PNS diagnosis to follow-up multiplied by the
patient-specific disability weight. Disability weights used for each patient as described by the World Health Organization Global Burden of Disease, chosen for
each patient based on each patient’s principal neurologic disability (motor impairment: mild, moderate, and severe; motor and cognitive impairment: mild,
moderate, and severe; and nerve injury: long term for 2 patients with autonomic dysfunction).
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incidence at 0.1/100,000 person-years and prevalence of 1.4/
100,000 people.

The median follow-up period after PNS diagnosis was 3.1 years
(IQR, 1.1-9.9 years). At last follow-up, 8/28 patients (29%)
were wheelchair users; 15 (54%) were dead at the study period’s
end (the median interval from diagnosis to death was 2.0 years
[IQR 0.4-10.8 years]). Total disability-adjusted life years
(DALYs) for 28 patients with PNS were 472.7 years, based on
total years of life lost (YLL) for patients dying between 1987 and
2018 (n = 15) of 445.3 years plus years lived with disability
(YLD) 27.4 years. Median DALYs were 17.1 (range 0.0-46.4),
median YLL were 26.0 (range 15.2-46.3), and median YLD
were 0.4 (range 0.0-4.9) with individual DALYs in Figure 2.

Discussion

PNSs are rare neurologic disorders but are associated with
severe morbidity and mortality. We estimated a prevalence of
54 cases per 100,000 people, which is approximately half the
prevalence of autoimmune encephalitis (13.7/100,000) and
infectious encephalitides (11.6/100,000) and comparable to
neuromyelitis optica spectrum disorder (3.9/100,000) in
Olmsted County.7‘14 The incidence of 0.6 per 100,000 persons
per year was slightly lower than the incidence of autoimmune
encephalitis (0.8/100,000) and infectious encephalitides (1.0/
100,000) in Olmsted County, but was higher than neuro-
myelitis optica spectrum disorder (0.7/100,000) in the same
population. Extrapolating from Olmsted County results to the
US population on January 1,2014 (317,243,472), we estimated
a national PNS prevalence of approximately 17,099 cases.'®

The doubled incidence of PNS between 1987-2002 and
2003-2018 is likely attributable to the increasing recognition of
new neural autoantibody markers aiding diagnosis and improved
disease classification. This mirrors similar trends reported in
epidemiologic studies of autoimmune encephalitis and other
PNS epidemiologic studies.”>” Immune checkpoint inhibitor
therapies enhance antitumor immunity but induce off-target
autoimmune complications, including neurologic autoimmunity
(both classical and nonclassical PNS).'®'” Increased application
of these therapies to cancers (especially small-cell lung carci-
noma) can be anticipated to increase the frequency of PNS."

The rarity of PNS belies their significant mortality and mor-
bidity burden and has important implications for resource
allocation and health care planning. Indeed, the predicted
DALY for all USA cases, based on the median value from the
Olmsted County PNS cases, is 292,393. In contrast, the 2014
estimated DALY for amyotrophic lateral sclerosis was 197,619
(largely years of life lost), and for multiple sclerosis was
201,091 (largely years lived with disability); both DALY es-
timates increased only slightly through 2017."

As previously recognized,” the most frequent PNS were rap-
idly progressive cerebellar syndrome, myasthenia gravis,
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dermatomyositis, and limbic encephalitis, mostly associated
with thymic, breast, and neuroendocrine (small-cell lung/
Merkel cell) neoplasms. The overrepresentation of seminoma
in the more recent Olmsted County study period may reflect
recent recognition of novel neural autoantibody markers of this
neoplasm such as KLH11 and LUZP4 and contrasts with prior
reports suggesting that small-cell lung, breast, and ovarian
cancers were most commonly identified in PNS in association
with ANNA-1 and PCA-1.>>** By using the validated, entirely
enumerated medical record linkage system of the REP in a
smaller geographically defined region of the United States, we
believe that we were able to accurately capture the number of
patients with PNS in the region.* It is not surprising that due to
these differences, as well as the exclusion of dermatomyositis,
there were considerably lower incidence rates extrapolated
from data at a major paraneoplastic serologic testing and pa-
tient referral center in France.” A similar study of definite PNS,
which also included dermatomyositis, from a major testing
center for several provinces in Italy, reported slightly lower
prevalence rates but higher incidence rates.” This difference
may also be due to important differences in the case identifi-
cation methodology, differences in region-dependent disease
recognition and reporting, and the significantly higher pro-
portion of antibody-negative patients in this cohort.”* Alter-
natively, the different findings may reflect regional differences
in PNS incidence and prevalence requiring further exploration
into contributing factors such as age, sex, or race. Strengths of
our study include the capture of medical records for the
complete population of Olmsted County, Minnesota, inclusion
of the 2021 updated PNS criteria and uniform autoimmune
serologic testing by a single laboratory with the ability to retest
known cases of PNS for novel autoantibodies."”*'® Limitations
of our study include the smaller size of the Olmsted County
population preventing detection of PNS associated with less
frequently detected neural antibodies and the exclusion of
possible PNS by diagnostic criteria, thereby restricting eligible
patients.” Furthermore, small number of prevalent or incident
PNS cases limits epidemiologic assessment of individual neural
specific antibodies. Natural history of PNS vary in part due to
different combinations of cancer (seminoma vs small-cell lung
cancer) and neurologic disease-associated mortality (enceph-
alomyelitis vs polyradiculoneuropathy), which may result in an
underestimation of the prevalence when only considering a
single point in time.

As of the early 2000s, Olmsted County has resembled the state
of Minnesota and the upper Midwest with comparable median
age (35.0 vs 35.4 years vs 35.9), the percentage of men in the
population (49.1% vs 49.5% vs 49.4%), and the percentage of
population that is ethnically White (90.3% vs 89.4% vs 90.2%).
The median age (35.0 vs 35.3) and percentage male (49.1% vs
49.1%) distribution of the county resemble the entire US
population but differ when comparing percentage White eth-
nicity (90.3% vs 75.1%), a reflection of the lower percentage of
primarily African American and Hispanic or Latino populations
in Olmsted County. Olmsted County is less ethnically diverse
than the United States overall but between 1970 and 2000
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shifted from 99.1% White to 90.3% White.”> Comparison of
REP data to Minnesota and upper Midwest census data sug-
gests that the results are generalizable to these regions and
cautiously generalizable to the entire United States, which we
suspect would be possible with our cohort due to the severe
nature of PNS necessitating in-person evaluation by a neurol-
ogist and the increased local and national recognition of these
disorders.”® Our study, a report of the incidence and prevalence
of PNS in North America, provides robust epidemiologic data
with reference to cancer and syndrome and uses a population-
based records linkage system which captures the entire pop-
ulation of Olmsted County.”*
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