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Background

Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune neurologic condition causing progressive muscle weakness that can occur as a paraneoplastic disorder, most commonly in patients with small cell lung cancer (SCLC). In limited prospective and retrospective studies, LEMS incidence in SCLC populations ranges 3-6%. Because LEMS may present a diagnostic challenge, we determined the prevalence of LEMS in a large, real-world, U.S.-based SCLC cohort.





Materials and methods

We conducted a retrospective analysis of administrative data from Symphony Health’s PatientSource®, which represents over 300 million U.S. patients. In the primary analysis, we identified claims for LEMS (available starting in 2014) among patients with lung cancer claims between 2017 and 2022 who received etoposide and platinum-based chemotherapy (a validated approach to SCLC case identification).





Results

Among 867,170 patients with lung cancer claims, 46,995 (5.4%) received platinum-etoposide-based therapy (putative SCLC cohort), of whom 77 (0.16%) had LEMS claims. In a subset of 8,513 patients with ≥12 months of claims preceding and following lung cancer diagnosis, 16 (0.19%) had LEMS claims. LEMS cases were more frequently diagnosed by neurologists (30%) than by oncologists (13%).





Conclusions

In a large real-world cohort of patients with lung cancer, LEMS is diagnosed far less frequently than would be expected and rarely by oncologists. Because LEMS may convey substantial morbidity and specific LEMS treatments are available, further efforts to understand and address this discrepancy are warranted.
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1 Introduction

Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune neurologic disorder that is most commonly identified as a paraneoplastic complication of small cell lung cancer (SCLC) (1). Unlike myasthenia gravis, a clinically similar disorder that presents with ptosis, diplopia, dysphagia, and dysarthria (2), the clinical hallmarks of LEMS are less distinctive. These include proximal muscle weakness, autonomic dysfunction, and areflexia, which may be misattributed to cancer, cancer-directed therapy, or go undetected (3). Proximal muscle weakness may be misinterpreted as general fatigue, a common symptom of SCLC and a common side-effect of chemotherapy (4). Similarly, symptoms of autonomic dysfunction, such as lightheadedness, early satiety, and constipation, may be misattributed to SCLC, chemotherapy, or palliative medications such as opioid analgesics. Loss of deep tendon reflexes is a key physical finding for LEMS diagnosis (5), but may not be assessed thoroughly outside of neurology practices (6, 7). Due to these challenges and the role of voltage gated calcium channel (VGCC) antibody and electromyography (EMG) testing in confirming diagnosis, practice guidelines recommend early involvement of neurologists in the evaluation of suspected LEMS cases (8). Given these considerations, the subtle presentation of LEMS in the confounding presence of SCLC may increase the risk of missed or delayed diagnosis.

Epidemiologic data on the diagnosis of LEMS among SCLC patients is limited. In prospective European SCLC cohorts, the prevalence of LEMS is approximately 3% (9–12). Retrospective U.S. studies report estimates ranging from 3.7% among patients with limited-stage SCLC to 5.9% in autopsy series (13, 14). Conversely, approximately half of patients with LEMS in European and U.S. cohort studies had SCLC, with most SCLC diagnoses occurring within 3 months of the LEMS diagnosis and presenting as limited stage disease (9–12, 14–19).

Importantly, none of these earlier studies included patient data after 2018, when immune checkpoint inhibitors became standard-of-care for first-line management of SCLC (20, 21). These inhibitors may exacerbate mild or sub-clinical paraneoplastic autoimmune disorders, with an unclear impact on LEMS diagnosis (22, 23). Because there are effective therapies for LEMS (e.g., amifampridine (24, 25)), missed diagnoses may result in substantial excess morbidity. We therefore evaluated the frequency and timing of LEMS diagnoses among contemporary lung cancer patients using real-world medical claims data. Because diagnostic coding systems do not distinguish between SCLC and non-small cell lung cancer (NSCLC), we used a previously established etoposide treatment-based algorithm to identify SCLC cases (26).




2 Materials and methods



2.1 Study design

We performed a retrospective analysis of de-identified patient-level data from Symphony Health’s PatientSource database. PatientSource data include longitudinal medical and pharmacy healthcare claims for over 300 million individuals across the United States (U.S.) with commercial and government (Medicare and Medicaid) insurance. These data have been used previously to study diagnostic and treatment patterns for a variety of diseases, including inflammatory bowel disease, osteoporosis, human immunodeficiency virus (HIV), multiple sclerosis, and narcolepsy (27–32). We used time-restricted database extracts for oncology (October 2017 to April 2022) and LEMS (March 2014 to July 2022) for this analysis. Because this study used fully de-identified, HIPAA-compliant claims data that contained no protected health information, the study did not constitute human subjects research as defined under 45 CFR 46. Therefore, the study did not require Institutional Review Board approval.

Using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 162.X (malignant neoplasm of the trachea, bronchus, and lung) excluding 162.0 (malignant neoplasm of the trachea) and ICD-10-CM codes C34.X (malignant neoplasm of the bronchus and lung), we identified patients with lung cancer in the oncology database extract based on the claims rule-out method (presence of ≥2 claims ≥30 days apart) (33). The first observed qualifying lung cancer claim during the study period served as the patient’s index date. We followed a similar approach to identifying LEMS cases [ICD-9-CM: 358.3 (LEMS), 358.30 (LEMS unspecified), 358.31 (LEMS in neoplastic disease), 358.39 (LEMS in other diseases classified elsewhere) and ICD-10-CM codes G70.80 (LEMS unspecified), G70.81 (LEMS in disease classified elsewhere), G73.1 (LEMS in neoplastic disease)] among patients with lung cancer.

We collected the following patient characteristics: age (on the index date), sex, insurance type (commercial, Medicare, Medicaid, and other), and geographic area (U.S. Census Bureau statistical region: Northeast, Midwest, South, and West). Among patients in the primary analysis, we recorded the specialty of the clinician associated with the index LEMS claim.




2.2 Data analysis

Because coding systems do not distinguish between SCLC and the more common NSCLC, we employed previously described and validated algorithms to identify SCLC cases (26, 34–36). Specifically, we estimated the period prevalence (and associated 95% CIs) of LEMS among patients with SCLC using three approaches:

For the primary analysis, we identified LEMS claims among a sample of patients with lung cancer claims between 2017 and 2022 who also received etoposide and platinum-based (carboplatin or cisplatin) chemotherapy. ICD-9-CM and ICD-10-CM codes do not distinguish between non-small cell lung cancer (NSCLC, approximately 85% of lung cancer cases in the U.S.) and SCLC (approximately 10-15% of lung cancer cases in the U.S.). Because this regimen represents the preferred first-line systemic therapy for both limited- and extensive-stage SCLC and is rarely employed in NSCLC, we used this treatment to distinguish SCLC from NSCLC, an approach taken in previous studies using administrative claims data (26, 34, 35).

We also analyzed LEMS claims in a subset of patients from the primary analytic cohort who had follow-up for ≥12 months of claims history before and after the index lung cancer diagnosis. Recognizing that this approach could skew findings toward longer-surviving patients, we also expected more patients in this subset to have a LEMS diagnosis because the median time interval between SCLC diagnosis and LEMS diagnosis exceeds 4 months (37, 38).

Third, because SCLC cannot be identified specifically, we determined the prevalence of LEMS among all patients with any lung cancer claims in the oncology dataset, with the expectation that only 10-15% of lung cancer claims in the dataset might be SCLC based on the relative frequency of SCLC versus NSCLC observed in the US population (39).

We also performed sensitivity analyses as follows: (1) We modified our claims-based approach to include LEMS diagnoses based on (a) a single LEMS claim and (b) ≥3 LEMS claims spanning ≥90 days. (2) Because etoposide and platinum-based therapy with concurrent chemoradiotherapy are occasionally used in Stage 3 NSCLC, as well as limited-stage SCLC, we searched for claims for radiotherapy within 30 days of a claim for etoposide or cisplatin or carboplatin among those with lung cancer claims with and without a LEMS diagnosis. (3) We also evaluated the receipt of etoposide without platinum-based therapy, as SCLC patients deemed unfit for doublet therapy may be treated with this approach (40).

We determined the time interval between the index SCLC diagnosis and LEMS diagnosis. To permit sufficient observation time to capture both diagnoses, for this analysis we used the LEMS dataset extract, which provided an additional 3 years of claims history (2014-2022) and included patients with ≥12 months of claims history in the oncology dataset. As in prior studies (15), we considered diagnoses of SCLC and LEMS to be concurrent if the first observed claims for each fell within 90 days of each other. The proportion of patients diagnosed with LEMS before or after their index SCLC and their median absolute times to diagnosis were compared.

Characteristics among patients in the study cohort with and without LEMS claims, and among patients with lung cancer claims with (primary sample) and without platinum-etoposide claims (other patients with lung cancer), were compared using two-sample t-tests or Wilcoxon rank sum tests for continuous variables and chi-square and Fisher’s exact tests for categorical variables.





3 Results

Figure 1 displays two approaches used to estimate LEMS prevalence in SCLC: using receipt of platinum-etoposide chemotherapy to indicate presumed SCLC cases (Figure 1A) and applying SCLC prevalence estimates to indicate presumed SCLC cases (Figure 1B). Among 867,170 patients with eligible lung cancer claims between 2017 and 2022, 46,995 (5.4%) had claims for both etoposide and platinum-based therapy. These individuals were presumed to have SCLC and constituted the primary study sample. Seventy-seven patients in the primary analysis (0.16% [95% CI, 0.13%-0.20%]) had a claim for LEMS during the study period. In the subset of presumed SCLC patients with ≥12 months’ follow-up (n=8,513), 16 (0.19% [95% CI, 0.10%-0.28%]) had a LEMS claim.
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Figure 1 | Estimated prevalence of LEMS in patients with SCLC in the PatientSource database according to two methodologies. (A) Using receipt of platinum-etoposide chemotherapy to identify presumed SCLC cases. (B) Applying SCLC prevalence estimates to identify presumed SCLC cases. LEMS, Lambert-Eaton Myasthenic Syndrome; N, number of patients in the population; SCLC, small cell lung cancer.

Sensitivity analyses among patients in the primary study sample using a single LEMS claim, as well as ≥3 LEMS claims ≥90 days apart, yielded estimates of 0.25% and 0.12%, respectively. Based on epidemiologic estimates of SCLC occurring among 10-15% of patients with lung cancer (corresponding to n=86,717-130,076 of all patients with lung cancer claims in our dataset) in the U.S.), we calculated an expected LEMS prevalence of 0.20% (95% CI, 0.17%-0.22%) to 0.30% (95% CI, 0.26%-0.33%) in SCLC.

Provider specialty associated with the index LEMS claim among patients with presumed SCLC, according to timing of diagnoses, are presented in Table 1. The type of specialist associated with the index LEMS claim was examined according to the timing of diagnoses. Among 54 patients with information on provider specialty and ≥12 months claims history before their index lung cancer diagnosis, 22 (41%) had an associated neurology visit. All three patients whose first observed LEMS claim fell >90 days before their index lung cancer claim saw a neurologist, while 15 (39%) and 4 (33%) patients had a neurology visit associated with LEMS within 90 days or more than 90 days after the index lung cancer claim, respectively.


Table 1 | Provider specialty associated with the index LEMS claim among patients with presumeda,b SCLC, according to timing of diagnoses (N = 76).
	
	LEMS >90 days before SCLC (N = 3)
	LEMS within 90 days of SCLC (N = 55)
	LEMS >90 days after SCLC (N = 18)



	Specialist associated with index LEMS claim, n (%)


	 Emergency Medicine
	0 (0)
	1 (2)
	0 (0)


	 Family Medicine
	0 (0)
	2 (4)
	1 (6)


	 General Surgery
	0 (0)
	1 (2)
	0 (0)


	 Hematology/Oncology
	0 (0)
	4 (7)
	1 (6)


	 Infectious Diseases
	0 (0)
	0 (0)
	1 (6)


	 Internal Medicine
	0 (0)
	5 (9)
	3 (17)


	 Nephrology
	0 (0)
	1 (2)
	0 (0)


	 Neurology
	3 (100)
	13 (24)
	2 (11)


	 Neurology; Pathology, Anatomic/Clinical; Radiology
	0 (0)
	1 (2)
	0 (0)


	 Neurophysiology, Clinical
	0 (0)
	1 (2)
	2 (11)


	 Oncology Medical
	0 (0)
	3 (6)
	1 (6)


	 Pathology, Anatomic/Clinical
	0 (0)
	1 (2)
	0 (0)


	 Physical Medicine & Rehabilitation
	0 (0)
	3 (6)
	0 (0)


	 Pulmonary Care Critical Medicine
	0 (0)
	1 (2)
	0 (0)


	 Pulmonary Diseases
	0 (0)
	0 (0.0)
	1 (6)


	 Radiology Oncology
	0 (0)
	1 (2)
	0 (0)


	 Thoracic Surgery
	0 (0)
	1 (2)
	0 (0)


	 Missing/Unknown
	0 (0)
	16 (29)
	6 (33)





Among 76/77 treated SCLC-LEMS patients with ≥12 months claims history before lung cancer diagnosis. LEMS, Lambert-Eaton Myasthenic Syndrome.

aLung cancer claims with ≥2 diagnoses ≥30 days apart.

bPatients received both etoposide and cisplatin or carboplatin chemotherapy.



Patient characteristics are presented in Table 2. Numerically, patients with SCLC with LEMS were younger than patients with SCLC without LEMS (mean 64.5 vs. 66.2 years) and more likely to be female, but neither difference reached statistical significance. Provider specialty information for the index LEMS claim was identified in 55 (71%) patients, with the most common specialties being neurology (42%), oncology (18%), and internal medicine (15%). Numerically, a higher proportion of patients with LEMS (46%) received concurrent radiotherapy relative to patients without LEMS (36%).


Table 2 | Characteristics among patients in the primary sample with and without LEMS (N = 46,995).
	
	Cases without LEMSa,b,c (N = 46,918)
	Cases with LEMSa,b,c (N = 77)
	P valued



	Age, years, mean ± SD
	66.3 ± 38.1
	64.5 ± 7.0
	0.69


	Female, n (%)
	24,217 (51.6)
	42 (54.5)
	0.61


	Insurance coverage, n (%)e


	 Commercial
	24,416 (52.0)
	48 (62.3)
	0.18


	 Medicare
	15,444 (32.9)
	16 (20.8)


	 Medicaid
	3,077 (6.6)
	4 (5.2)


	 Missing/unknown
	5,841 (12.4)
	9 (11.7)


	 Other
	850 (1.8)
	0 (0)


	Census Region, n (%)


	 Northeast
	7,278 (15.5)
	16 (20.8)
	0.77


	 Midwest
	12,179 (26.0)
	20 (26.0)


	 South
	21,039 (44.8)
	33 (42.9)


	 West
	5,937 (12.7)
	8 (10.4)


	 Unknown
	278 (0.6)
	0 (0)





LEMS, Lambert-Eaton Myasthenic Syndrome; N, number of patients in the population; SD, standard deviation.

aLung cancer claims with ≥2 diagnoses ≥30 days apart.

bPatients received both etoposide and cisplatin or carboplatin chemotherapy.

cAssessed on the index date.

dStatistical comparisons were performed using two-sample t-tests or Wilcoxon rank sum tests for continuous variables and chi-square and Fisher’s exact tests for categorical variables. A P value < 0.05 was considered statistically significant.

eTotals sum >100% as patients may have had >1 type of insurance during the study period.



Characteristics of patients in the primary sample with presumed SCLC (N = 46,995) versus all other patients with lung cancer claims (presumed NSCLC; N = 820,175) using the various approaches are presented in Table 3. Patients with presumed SCLC were younger (66.3 vs. 68.3 years; P < 0.001), were more likely located in Southern and Midwestern Census regions, and had minor, but statistically significant, differences in the distribution of insurance type compared to all other patients with lung cancer claims. Among all other patients with lung cancer, 1,990 (0.2%) received etoposide without platinum-based therapy.


Table 3 | Characteristics of lung cancer patients with SCLC and other lung cancer cases (N = 867,170).
	
	Presumed SCLC casesa,b N=46,995
	Other lung cancer casesa N=820,175
	P valuec



	Age, years, mean ± SDd
	66.3 ± 38.1
	68.3 ± 36.6
	<0.001


	Female, n (%)
	24,259 (51.6)
	421,551 (51.4)
	0.35


	Insurance coverage, n (%)e


	 Commercial
	24,464 (52.1)
	431,552 (52.6)
	<0.001


	 Medicare
	15,460 (32.9)
	287,482 (35.1)


	 Medicaid
	3,081 (6.6)
	43,521 (5.3)


	 Missing/unknown
	5,850 (12.4)
	79,605 (9.7)


	 Other
	850 (1.8)
	13,354 (1.6)


	U.S. Census Region, n (%)


	 Northeast
	7,294 (15.5)
	162,894 (19.9)
	<0.001


	 Midwest
	12,199 (26.0)
	188,706 (23.0)


	 South
	21,072 (44.8)
	340,567 (41.5)


	 West
	5,945 (12.7)
	115,490 (14.1)


	 Unknown
	278 (0.6)
	8,253 (1.0)





LEMS, Lambert-Eaton Myasthenic Syndrome; N, number of patients in the population; SCLC, small-cell lung cancer; SD, standard deviation.

aBased on ≥2 diagnoses ≥30 days apart.

bPatients received both etoposide and cisplatin or carboplatin chemotherapy.

cStatistical comparisons were performed using two-sample t-tests or Wilcoxon rank sum tests for continuous variables and chi-square and Fisher’s exact tests for categorical variables. A P value < 0.05 was considered statistically significant.

dAssessed on the index date.

eTotals sum >100% as patients may have had >1 type of insurance during the study period.



Characteristics of 1,836 patients in the LEMS data set with and without eligible lung cancer claims are presented in Table 4. Among them, 390 (21.2%) had lung cancer claims and were significantly older (65.7 vs 58.7 years; P < 0.001) than patients with LEMS without lung cancer claims.


Table 4 | Characteristics of patients with LEMS with and without lung cancer claimsa (N = 1,836).
	
	LEMS without lung cancer N=1,446
	LEMS with lung cancera N=390
	P valueb



	Age, years, mean ± SDc
	58.7 ± 15.2
	65.7 ± 7.6
	<0.001


	Female, n (%)
	840 (58.1)
	212 (54.4)
	0.19


	Insurance coverage, n (%)d


	 Commercial
	986 (65.2)
	246 (63.1)
	0.16


	 Medicare
	355 (24.6)
	100 (25.6)


	 Medicaid
	76 (5.3)
	28 (7.2)


	 Missing/unknown
	86 (5.9)
	33 (8.5)


	 Other
	30 (2.1)
	10 (2.6)


	Census Region, n (%)


	 Northeast
	281 (19.4)
	79 (20.3)
	0.79


	 Midwest
	347 (24.0)
	103 (26.4)


	 South
	557 (38.5)
	149 (38.2)


	 West
	243 (16.8)
	58 (14.9)


	 Unknown
	2 (0.1)
	0 (0)





LEMS, Lambert-Eaton Myasthenic Syndrome; N, number of patients in the population; SCLC, small-cell lung cancer; SD, standard deviation.

aBased on ≥2 diagnoses ≥30 days apart.

bStatistical comparisons were performed using two-sample t-tests or Wilcoxon rank sum tests for continuous variables and chi-square and Fisher’s exact tests for categorical variables. A P value < 0.05 was considered statistically significant.

cAssessed on the index date.

dTotals sum >100% as patients may have had >1 type of insurance during the study period.



The timing of LEMS and SCLC diagnoses among 76 patients with SCLC and LEMS in the primary sample with ≥12 months of claims history is illustrated in Figure 2. Overall, the median time between diagnoses was 37 (interquartile range [IQR] 1-155) days. Nineteen patients (25%) had LEMS claims that preceded lung cancer claims. Among them, most (84%) patients had a diagnosis of lung cancer within 90 days (median 17 [IQR 8-45] days). Seventeen patients (22%) had initial LEMS and lung cancer diagnoses on the same day, while 40 patients (53%) had a first LEMS claim after the index lung cancer claim. Among these patients, the median interval between diagnoses was 83 (IQR 45-286) days, and 18 patients (45%) had LEMS diagnoses >90 days after their index lung cancer claim.

[image: Line graph showing the cumulative proportion of patients with lung cancer claims over time, ranging from -360 to 360 days. The graph remains relatively flat until approximately day zero, after which there is a steep increase, leveling off around 240 days.]
Figure 2 | Time between diagnosis of small-cell lung cancer (SCLC) and diagnosis of Lambert-Eaton myasthenic syndrome (LEMS). Cohort includes 76 patients with treated presumed SCLC and diagnosed LEMS with ≥12 months claims history before lung cancer diagnosis. LEMS, Lambert-Eaton Myasthenic Syndrome; SCLC, small-cell lung cancer.

Because immunotherapy use could hypothetically increase the occurrence and/or severity of autoimmune processes, we compared LEMS prevalence before and after the standardization of immune checkpoint inhibitor use in SCLC treatment. Although the anti-PD1 antibody nivolumab was FDA approved as third-line therapy for SCLC in August 2018, we did not select this cut-off because (1) systemic therapy beyond second-line is rarely administered in SCLC due to clinical deterioration and disease burden at that point (41); (2) later lines of therapy would generally be employed only several months after diagnosis and therefore not affect earlier clinical course (41); and (3) approval of this regimen was withdrawn in 2021 after phase 3 trials did not show an overall survival benefit compared to chemotherapy or placebo in relapsed SCLC (42, 43). Instead, we used March 2019 (approval of first-line platinum-etoposide + atezolizumab [anti-PDL1 antibody], a regimen that remains in widespread use today) as the cut-off. We identified 46 LEMS cases in the ICI period and 31 cases in the pre-ICI period, corresponding to prevalence rates of 0.18% and 0.15%, respectively (P = 0.49).




4 Discussion

This real-world analysis suggests that LEMS is diagnosed in fewer than 0.3% of patients with presumed SCLC in the U.S., a rate less than one-tenth that reported in prospective studies of patients with SCLC (9–12). While we cannot determine whether this discrepancy represents an overestimate in prospective studies or an underestimate in this contemporary real-world analysis, given the non-specific nature of LEMS symptoms and the preponderance of studies reporting rates of 3% or greater, it seems likely that LEMS remains underdiagnosed in real-world settings.

Our sensitivity and subset analyses may provide further insight into LEMS diagnoses. Among patients who received etoposide monotherapy, who generally have poor performance status precluding platinum administration, we identified no LEMS cases. Whether undiagnosed LEMS contributed to this state for some cases is unknown. We also observed that presumed SCLC patients with LEMS were more likely to receive concurrent chemoradiotherapy than were SCLC patients without LEMS, suggesting that LEMS cases were more likely to have limited-stage disease, consistent with prior retrospective and prospective studies demonstrating comparatively favorable survival outcomes for SCLC patients with LEMS (18, 19).

Among patients diagnosed with LEMS after SCLC, the median time to LEMS diagnosis was four months, with intervals exceeding one year in some patients. Patients with SCLC-LEMS have a median survival of 18 months (19). Because diagnostic challenges prolong the time to LEMS diagnosis in both tumor- and non-tumor LEMS patients (1), it becomes clear that LEMS diagnoses may be missed altogether. Indeed, fewer than half of patients with available information in our study were diagnosed with LEMS by a neurologist. When LEMS diagnoses followed SCLC diagnoses, the diagnosis was even less likely to be made by a neurologist relative to LEMS diagnoses preceding SCLC diagnosis, reflecting the opportunities for oncologists to recognize and confirm the condition.

In an earlier study, patients with SCLC and LEMS were younger than patients with SCLC without LEMS (median 63 versus 66 years old) (9). We similarly found that patients with presumed SCLC and LEMS were younger on average than presumed SCLC patients without LEMS. We also observed, consistent with previous studies, that patients with LEMS without lung cancer claims were significantly younger than those with presumed SCLC (12). However, in contrast to the male predominance in prior reports of SCLC-LEMS (10, 12, 44), more than half of the putative SCLC-LEMS patients in the present study were female. One possible explanation is the inherent difference between prospective studies, in which surveys, physical exams, and serologic assessment may reveal LEMS, while a real-world claims database population may require patient report of physical symptoms—which women are more likely to do than men (45).

In the present analysis, fewer than one-fourth of LEMS patients had lung cancer diagnoses, considerably lower than the approximately 50% SCLC prevalence among patients with LEMS intensively screened for SCLC (15, 38). Factors beyond screening may account for our findings. Decreases in the incidence of SCLC parallel lower rates of smoking in the U.S. and may account for the lower observed prevalence of SCLC among patients with LEMS in our study (46). Similarly, one-third of patients with LEMS had SCLC in a recent nationwide survey in Japan, a country in which similar decreases in smoking occurred during the study period (47). In addition, women in the US are less likely than men to report current smoking (48) and may contribute to the lower SCLC prevalence observed in our study, where over half of patients with LEMS were female.

A major strength of this analysis is the use of real-world claims data, which provided information on the largest U.S. cohort of SCLC-LEMS patients to date. However, the primary limitation of this analysis reflects the inherent challenges of capturing SCLC diagnoses using claims data, as lung cancer diagnostic (ICD) codes are not histology-specific. Accordingly, our strategy of using prototypical treatment regimens as a surrogate marker of these cases may misclassify cases. That said, this etoposide treatment-based approach to SCLC case identification has been used previously and validated against electronic health record (EHR) histology information (26, 34–36). Nevertheless, we investigated potential sources of misclassification, including locally advanced NSCLC, for which platinum-etoposide chemotherapy is occasionally administered with concurrent thoracic radiotherapy. In our primary sample, about 35% of patients received concurrent radiotherapy. Notably, LEMS was diagnosed more frequently in this subset than in patients who did not receive radiotherapy. This finding may reflect the expected greater likelihood of limited stage SCLC among radiotherapy-treated patients and might suggest relatively little dilution with NSCLC cases. The exclusion of cases treated with etoposide monotherapy had minimal effect on our estimates, as only 0.2% of patients in the dataset received this regimen and none had a LEMS diagnosis.

Nevertheless, the results of this analysis should be interpreted with caution as the identification of both SCLC and LEMS in the database relied upon accurate coding and algorithms that could be validated against EHR. As a result, we report the diagnosed prevalence of LEMS among a population of patients with presumed SCLC and acknowledge that the true prevalence of SCLC-LEMS may not be fully captured. The requirement of healthcare utilization claims post-index diagnosis in the sensitivity analysis may introduce survival bias, as patients with SCLC may not survive long enough to be diagnosed with LEMS. Additionally, the observational datasets used for this study did not include patient race-ethnicity or smoking history, important information for understanding real-world LEMS patterns and broader epidemiologic trends. Cash-paying and uninsured patients were not included in the database, limiting the generalizability of our findings and estimated prevalence estimates to insured individuals. Lastly, we were unable to distinguish incident from prevalent LEMS diagnoses in the analysis due to left truncation of the dataset.

Despite these considerations, because the prevalence of LEMS across analyses in the present analysis fell under 0.3% of cases—at most, one-tenth the rate expected in a SCLC population—it seems highly likely that LEMS is, indeed, substantially underdiagnosed. In addition, more than 50% of LEMS claims followed the presumed SCLC claims with a substantial delay. If this reflects LEMS diagnosis that occurs after the start of first-line therapy, then by current guidelines LEMS diagnosis would be expected to follow treatment with immune checkpoint inhibitors for almost all patients (20, 21). Given the hypothetical risk that these agents could increase the prevalence and severity of LEMS (although we did not observe such an association in the present study) and other paraneoplastic neurologic syndromes (49, 50), recent changes in SCLC management have increased the importance of early LEMS diagnosis and management.

In conclusion, in a large, representative, and contemporary real-world population, over 90% of SCLC-associated LEMS cases appear to go undetected. This marked underdiagnosis occurs despite availability of effective LEMS treatment that can improve patients’ quality of life. To address this care gap, efforts to understand and mitigate the reasons for this profound and persistent under-recognition are clearly needed.





Data availability statement

The datasets presented in this article are not readily available because the data that support the findings of this study are available from ICON plc (Symphony Health). Restrictions apply to the availability of these data, which were used under license for this study. Requests to access the datasets should be directed to david.gerber@utsouthwestern.edu.





Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.





Author contributions

BD: Writing – original draft, Investigation, Writing – review & editing. DM: Visualization, Project administration, Writing – review & editing. RG: Formal analysis, Methodology, Writing – review & editing. GS: Writing – review & editing, Data curation, Formal analysis, Methodology. DG: Writing – review & editing, Writing – original draft, Investigation, Visualization, Conceptualization.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the Cancer Prevention and Research Institute of Texas (CPRIT, RR20007), the National Institutes of Health (1K08CA237832), and a UT Southwestern Medical Center Disease-Scholar Award (all to BD). Data used in the analysis was funded by Catalyst Pharmaceuticals, Coral Gables, FL. Publication processing fee was funded by Catalyst Pharmaceuticals, Inc.




Acknowledgments

The authors thank Ms. Dru Gray for assistance with manuscript preparation.





Conflict of interest

BD reports consulting fees from AstraZeneca and Sonata Therapeutics, and participating in an advisory board and research support from Puma Biotechnology. DM is an employee of Catalyst Pharmaceuticals. RG and GS report consulting fees from Catalyst Pharmaceuticals. DG reports consulting fees from Catalyst Pharmaceuticals; research funding from AstraZeneca, Karyopharm, and Novocure; participating in advisory boards for Astra-Zeneca, Elevation Oncology, GSK, Janssen Scientific Affairs, Jazz Pharmaceuticals, Regeneron Pharmaceuticals, and Sanofi; participating in data and safety monitoring boards for Daiichi-Sankyo and Summit Therapeutics; stock shares in Gilead; U.S. patent 11,747,345; pending patents 17/045,482, 18/504,868, 63/386,387, 63/382,972, and 63/382,257; and serving as co-founder and Chief Medical Officer of OncoSeer Diagnostics, Inc. This study was supported by Catalyst Pharmaceuticals, which provided access to data used in the analysis. David Morrell is an employee of Catalyst Pharmaceuticals and meets the criteria for authorship as defined by the International Committee of Medical Journal Editors ICMJE. Drs. RG and GS received consulting fees from Catalyst Pharmaceuticals for their work on this study.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Titulaer MJ, Maddison P, Sont JK, Wirtz PW, Hilton-Jones D, Klooster R, et al. Clinical Dutch-English Lambert-Eaton Myasthenic syndrome (LEMS) tumor association prediction score accurately predicts small-cell lung cancer in the LEMS. J Clin Oncol. (2011) 29:902–8. doi: 10.1200/JCO.2010.32.0440, PMID: 21245427


	 Grob D, Arsura EL, Brunner NG, Namba T. The course of myasthenia gravis and therapies affecting outcome. Ann N Y Acad Sci. (1987) 505:472–99. doi: 10.1111/j.1749-6632.1987.tb51317.x, PMID: 3318620


	 Titulaer MJ, Klooster R, Potman M, Sabater L, Graus F, Hegeman IM, et al. SOX antibodies in small-cell lung cancer and Lambert-Eaton myasthenic syndrome: frequency and relation with survival. J Clin Oncol. (2009) 27:4260–7. doi: 10.1200/JCO.2008.20.6169, PMID: 19667272


	 Schoser B, Eymard B, Datt J, Mantegazza R. Lambert-Eaton myasthenic syndrome (LEMS): a rare autoimmune presynaptic disorder often associated with cancer. J Neurol. (2017) 264:1854–63. doi: 10.1007/s00415-017-8541-9, PMID: 28608304


	 Ivanovski T, Miralles F. Lambert-Eaton Myasthenic syndrome: early diagnosis is key. Degener Neurol Neuromuscul Dis. (2019) 9:27–37. doi: 10.2147/DNND.S192588, PMID: 31191084


	 Uchida S, Shikino K, Ishizuka K, Yamauchi Y, Yanagita Y, Yokokawa D, et al. The flipped classroom is effective for medical students to improve deep tendon reflex examination skills: A mixed-method study. PloS One. (2022) 17:e0270136. doi: 10.1371/journal.pone.0270136, PMID: 35714108


	 Zinchuk AV, Flanagan EP, Tubridy NJ, Miller WA, McCullough LD. Attitudes of US medical trainees towards neurology education: “Neurophobia” - a global issue. BMC Med Educ. (2010) 10:49. doi: 10.1186/1472-6920-10-49, PMID: 20573257


	 Network National Comprehensive Cancer Network. Small Cell Lung Cancer (2026). Available online at: https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1462. Version 1 (Accessed September 2, 2025).


	 Gozzard P, Woodhall M, Chapman C, Nibber A, Waters P, Vincent A, et al. Paraneoplastic neurologic disorders in small cell lung carcinoma: A prospective study. Neurology. (2015) 85:235–9. doi: 10.1212/WNL.0000000000001721, PMID: 26109714


	 Payne M, Bradbury P, Lang B, Vincent A, Han C, Newsom-Davis J, et al. Prospective study into the incidence of Lambert Eaton myasthenic syndrome in small cell lung cancer. J Thorac Oncol. (2010) 5:34–8. doi: 10.1097/JTO.0b013e3181c3f4f1, PMID: 19934775


	 Seute T, Leffers P, ten Velde GP, Twijnstra A. Neurologic disorders in 432 consecutive patients with small cell lung carcinoma. Cancer. (2004) 100:801–6. doi: 10.1002/cncr.20043, PMID: 14770437


	 Wirtz PW, Wintzen AR, Verschuuren JJ. Lambert-Eaton myasthenic syndrome has a more progressive course in patients with lung cancer. Muscle Nerve. (2005) 32:226–9. doi: 10.1002/mus.20332, PMID: 15793845


	 de la Monte SM, Hutchins GM, Moore GW. Paraneoplastic syndromes and constitutional symptoms in prediction of metastatic behavior of small cell carcinoma of the lung. Am J Med. (1984) 77:851–7. doi: 10.1016/0002-9343(84)90523-0, PMID: 6093532


	 Ernani V, Du L, Ross HJ, Yi JE, Wampfler JA, Schild SE, et al. Gastroesophageal reflux disease and paraneoplastic neurological syndrome associated with long-term survival in limited stage small-cell lung cancer. Thorac Cancer. (2022) 13:925–33. doi: 10.1111/1759-7714.14318, PMID: 35194958


	 Abenroth DC, Smith AG, Greenlee JE, Austin SD, Clardy SL. Lambert-Eaton myasthenic syndrome: Epidemiology and therapeutic response in the national veterans affairs population. Muscle Nerve. (2017) 56:421–6. doi: 10.1002/mus.25520, PMID: 27997683


	 Titulaer MJ, Verschuuren JJ. Lambert-Eaton myasthenic syndrome: tumor versus nontumor forms. Ann N Y Acad Sci. (2008) 1132:129–34. doi: 10.1196/annals.1405.030, PMID: 18567862


	 Titulaer MJ, Wirtz PW, Kuks JB, Schelhaas HJ, van der Kooi AJ, Faber CG, et al. The Lambert-Eaton myasthenic syndrome 1988-2008: a clinical picture in 97 patients. J Neuroimmunol. (2008) 201-202:153–8. doi: 10.1016/j.jneuroim.2008.05.025, PMID: 18644631


	 Maddison P, Newsom-Davis J, Mills KR, Souhami RL. Favourable prognosis in Lambert-Eaton myasthenic syndrome and small-cell lung carcinoma. Lancet. (1999) 353:117–8. doi: 10.1016/S0140-6736(05)76153-5, PMID: 10023900


	 Maddison P, Gozzard P, Grainge MJ, Lang B. Long-term survival in paraneoplastic Lambert-Eaton myasthenic syndrome. Neurology. (2017) 88:1334–9. doi: 10.1212/WNL.0000000000003794, PMID: 28251917


	 Horn L, Mansfield AS, Szczesna A, Havel L, Krzakowski M, Hochmair MJ, et al. First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N Engl J Med. (2018) 379:2220–9. doi: 10.1056/NEJMoa1809064, PMID: 30280641


	 Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al. Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line treatment of extensive-stage small-cell lung cancer (CASPIAN): a randomised, controlled, open-label, phase 3 trial. Lancet. (2019) 394:1929–39. doi: 10.1016/S0140-6736(19)32222-6, PMID: 31590988


	 McCombe JA, Sechi E, Zekeridou A. Neurologic manifestations of autoimmunity with immune checkpoint inhibitors. Handb Clin Neurol. (2024) 200:449–65. doi: 10.1016/B978-0-12-823912-4.00024-4, PMID: 38494296


	 Sechi E, Markovic SN, McKeon A, Dubey D, Liewluck T, Lennon VA, et al. Neurologic autoimmunity and immune checkpoint inhibitors: Autoantibody profiles and outcomes. Neurology. (2020) 95:e2442–52. doi: 10.1212/WNL.0000000000010632, PMID: 32796130


	 Keogh M, Sedehizadeh S, Maddison P. Treatment for Lambert-Eaton myasthenic syndrome. Cochrane Database Syst Rev. (2011) 2011:CD003279. doi: 10.1002/14651858.CD003279.pub3, PMID: 21328260


	 Oh SJ, Shcherbakova N, Kostera-Pruszczyk A, Alsharabati M, Dimachkie M, Blanco JM, et al. Amifampridine phosphate (Firdapse (R)) is effective and safe in a phase 3 clinical trial in LEMS. Muscle Nerve. (2016) 53:717–25. doi: 10.1002/mus.25070, PMID: 26852139


	 Danese MD, Balasubramanian A, Bebb DG, Pundole X. Development of an algorithm to identify small cell lung cancer patients in claims databases. Front Oncol. (2024) 14:1358562. doi: 10.3389/fonc.2024.1358562, PMID: 39211549


	 Laliberte F, Zanardo E, MacKnight SD, Urosevic A, Wade SW, Parikh M. Impact of formulary-related pharmacy claim rejections of cariprazine on health care utilization and treatment patterns among patients with bipolar I disorder. J Manag Care Spec Pharm. (2024) 30:118–28. doi: 10.18553/jmcp.2024.30.2.118, PMID: 38308622


	 McComsey GA, Lingohr-Smith M, Rogers R, Lin J, Donga P. Real-world adherence to antiretroviral therapy among HIV-1 patients across the United States. Adv Ther. (2021) 38:4961–74. doi: 10.1007/s12325-021-01883-8, PMID: 34390465


	 Ohayon MM, Black J, Lai C, Eller M, Guinta D, Bhattacharyya A. Increased mortality in narcolepsy. Sleep. (2014) 37:439–44. doi: 10.5665/sleep.3470, PMID: 24587565


	 Rice JB, Panaccio MP, White A, Simes M, Billmyer E, Downes N, et al. Consequences of insurance denials among U.S. Patients prescribed repository corticotropin injection for acute exacerbations of multiple sclerosis. Neurol Ther. (2021) 10:149–67. doi: 10.1007/s40120-020-00219-y, PMID: 33170434


	 Williams SA, Greenspan SL, Bancroft T, Chastek BJ, Wang Y, Weiss RJ, et al. Development and validation of a one year predictive model for secondary fractures in osteoporosis. PloS One. (2021) 16:e0257246. doi: 10.1371/journal.pone.0257246, PMID: 34570793


	 Zhdanava M, Zhao R, Manceur AM, Kachroo S, Lefebvre P, Pilon D. Persistence and dose escalation during maintenance phase and use of nonbiologic medications among patients with ulcerative colitis initiated on ustekinumab in the United States. Crohns Colitis 360. (2023) 5:otad045. doi: 10.1093/crocol/otad045, PMID: 37671391


	 Khan SA, Pruitt SL, Xuan L, Gerber DE. Prevalence of autoimmune disease among patients with lung cancer: implications for immunotherapy treatment options. JAMA Oncol. (2016) 2:1507–8. doi: 10.1001/jamaoncol.2016.2238, PMID: 27262099


	 Patel SP, Wang R, Zhou SQ, Sheinson D, Johnson A, Lee JS. Validation of an updated algorithm to identify patients with incident non-small cell lung cancer in administrative claims databases. JCO Clin Cancer Inform. (2024) 8:e2300165. doi: 10.1200/CCI.23.00165, PMID: 38502111


	 Duh MS, Reynolds Weiner J, Lefebvre P, Neary M, Skarin AT. Costs associated with intravenous chemotherapy administration in patients with small cell lung cancer: a retrospective claims database analysis. Curr Med Res Opin. (2008) 24:967–74. doi: 10.1185/030079908x280464, PMID: 18282373


	 Turner RM, Chen YW, Fernandes AW. Validation of a case-finding algorithm for identifying patients with non-small cell lung cancer (NSCLC) in administrative claims databases. Front Pharmacol. (2017) 8:883. doi: 10.3389/fphar.2017.00883, PMID: 29249970


	 Lipka AF, Boldingh MI, van Zwet EW, Schreurs MWJ, Kuks JBM, Tallaksen CM, et al. Long-term follow-up, quality of life, and survival of patients with Lambert-Eaton myasthenic syndrome. Neurology. (2020) 94:e511–20. doi: 10.1212/WNL.0000000000008747, PMID: 31831596


	 Titulaer MJ, Wirtz PW, Willems LN, van Kralingen KW, Smitt PA, Verschuuren JJ. Screening for small-cell lung cancer: a follow-up study of patients with Lambert-Eaton myasthenic syndrome. J Clin Oncol. (2008) 26:4276–81. doi: 10.1200/JCO.2008.17.5133, PMID: 18779614


	 Cittolin-Santos GF, Knapp B, Ganesh B, Gao F, Waqar S, Stinchcombe TE, et al. The changing landscape of small cell lung cancer. Cancer. (2024) 130:2453–61. doi: 10.1002/cncr.35281, PMID: 38470453


	 Comis RL. Oral etoposide in small-cell lung cancer. Semin Oncol. (1986) 13:75–8.


	 de Jong WK, ten Hacken NH, Groen HJ. Third-line chemotherapy for small cell lung cancer. Lung Cancer. (2006) 52:339–42. doi: 10.1016/j.lungcan.2006.02.005, PMID: 16564112


	 Spigel DR, Vicente D, Ciuleanu TE, Gettinger S, Peters S, Horn L, et al. Second-line nivolumab in relapsed small-cell lung cancer: CheckMate 331(☆). Ann Oncol. (2021) 32:631–41. doi: 10.1016/j.annonc.2021.01.071, PMID: 33539946


	 Owonikoko TK, Park K, Govindan R, Ready N, Reck M, Peters S, et al. Nivolumab and ipilimumab as maintenance therapy in extensive-disease small-cell lung cancer: checkMate 451. J Clin Oncol. (2021) 39:1349–59. doi: 10.1200/JCO.20.02212, PMID: 33683919


	 Wirtz PW, Smallegange TM, Wintzen AR, Verschuuren JJ. Differences in clinical features between the Lambert-Eaton myasthenic syndrome with and without cancer: an analysis of 227 published cases. Clin Neurol Neurosurg. (2002) 104:359–63. doi: 10.1016/s0303-8467(02)00054-9, PMID: 12140105


	 Kroenke K, Spitzer RL. Gender differences in the reporting of physical and somatoform symptoms. Psychosom Med. (1998) 60:150–5. doi: 10.1097/00006842-199803000-00006, PMID: 9560862


	 Oronsky B, Abrouk N, Caroen S, Lybeck M, Guo X, Wang X, et al. A 2022 update on extensive stage small-cell lung cancer (SCLC). J Cancer. (2022) 13:2945–53. doi: 10.7150/jca.75622, PMID: 35912017


	 Hemmi O, Nomura Y, Konishi H, Kakizoe T, Inoue M. Impact of reduced smoking rates on lung cancer screening programs in Japan. Jpn J Clin Oncol. (2020) 50:1126–32. doi: 10.1093/jjco/hyaa104, PMID: 32577728


	 Thun MJ, Carter BD, Feskanich D, Freedman ND, Prentice R, Lopez AD, et al. 50-year trends in smoking-related mortality in the United States. N Engl J Med. (2013) 368:351–64. doi: 10.1056/NEJMsa1211127, PMID: 23343064


	 Duong SL, Pruss H. Paraneoplastic autoimmune neurological syndromes and the role of immune checkpoint inhibitors. Neurotherapeutics. (2022) 19:848–63. doi: 10.1007/s13311-022-01184-0, PMID: 35043373


	 Vogrig A, Fouret M, Joubert B, Picard G, Rogemond V, Pinto AL, et al. Increased frequency of anti-Ma2 encephalitis associated with immune checkpoint inhibitors. Neurol Neuroimmunol Neuroinflamm. (2019) 6:e604. doi: 10.1212/NXI.0000000000000604, PMID: 31454760







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Drapkin, Morrell, Grebla, Shechter and Gerber. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1650373-g001.jpg
Excludod

Patients wih 22 lung cancer diagnoses 230
ays apartidenifcd i tho Symphony Database*
(1011/17-43022)

N=867.170

D13 ot recave both eloposide and patinum-
based” therapy (n = 820.174)

<12 months heathcare ulizaton before and.
aftr lung cancer dagnos's (n = 38.483)

Patents in the study samplo

= 46995

Patients wih LEMS
77
(©16%)

Patents in the sensitvity anaysis

N=8513

Pationts wih LEMS
N=16
(©19%)

Pationts with 22 lung cancor diagnoses 230

(10/1/17-4730/22)
N=867.170

‘apart dentfed inthe Symphony Dalabase®

aays

T

Estimated pationis with SOLC
(10:15% of pationts withlung cancor)
6.717-130,076

T

Patients ith SCLCLEMS
N=256
(0:200.30%






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-15-1650373-g002.jpg
360

240

120

0
“Time from Index SCLC Claim (days)

120

200

30





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2025.1650373_cover.jpg
& frontiers | Frontiers in Oncology

Marked under-diagnosis of Lambert-Eaton
myasthenic syndrome in small cell lung
cancer: an analysis of real-world claims

data





