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ABSTRACT

Introduction: Patient Acceptable Symptom State (PASS) is emerging as a valuable subjective measure of the overall myasthenia
gravis (MG)-related burden. This study aimed at identifying PASS-positive thresholds for the most used clinical scales, investi-
gating whether PASS and MGFA post-intervention status capture different aspects of the disease outcome, and identifying clini-
cal variables associated with PASS=YES response.

Methods: Adult AChR-MG patients were prospectively enrolled at two Italian Centres (Rome: index cohort; Florence: validation
cohort). PASS thresholds for MG-ADL, QMG, and MG-QOL15r were defined in the index cohort by ROC analysis and validated
in the validation cohort; predictors of favorable PASS were identified by multivariable analysis.

Results: This study included 173 patients (44% females, median age at onset: 53years). PASS=YES patients had significantly
lower median MG-ADL, QMG, and MG-QOL15r scores, with the following thresholds for PASS=YES: MG ADL <2, QMG <8
and MG-QOL15r <6. The MG-ADL (OR=0.46, 95% CI=0.36-0.60, p<0.001), QMG (OR =0.72, 95% CI=0.64-0.81, p<0.001)
and MG-QOL15r (OR=0.76, 95% CI=0.70-0.84, p < 0.001), were independently associated with a favorable PASS. The degree of
ocular involvement in each scale was the strongest negative determinant of PASS=YES.

Conclusions: This study validates the PASS question and highlights the relevance of ocular complaints in patients’ perception
of MG burden.

1 | Introduction advancements, a proportion of these patients do not achieve

a satisfactory control of their disease [4]. In this context, the
The treatment of Myasthenia Gravis (MG) has recently wit- inclusion of the patient perspective in the outcome evalu-
nessed a significant improvement with the approval of tar- ation is now considered crucial to capturing significant im-

geted therapies for patients with acetylcholine receptor provement. The use of the Patient Acceptable Symptom State
(AChR) antibody-positive MG (AChR-MG) [1-3]. Despite these (PASS) question is emerging as a valuable measure to provide
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insights into the overall burden of MG [5-7]. However, PASS
question thresholds for the most used clinical scales, such as
the Myasthenia Gravis Activities of Daily Living (MG-ADL),
the Quantitative Myasthenia Gravis (QMG) score, and the MG
Quality of Life-15 (MG-QOL15r) have only been indirectly
derived [5]. In addition, factors associated with a favorable
PASS, and whether it captures a different dimension of clin-
ical outcome compared to the Myasthenia Gravis Foundation
of America (MGFA) post-intervention status (PIS) have not
been investigated.

In this study we aimed at (1) identifying PASS-positive thresh-
olds for the most used clinical scales and validating the PASS
question in AChR-MG; (2) investigating whether PASS and
MGFA-PIS capture different aspects of the disease outcome;
(3) identifying which clinical variables are independently asso-
ciated with a favorable PASS response in a prospective, multi-
centre cohort of AChR-MG patients.

2 | Methods

This study was performed from January 2021 to January 2024
attwo Italian reference Centres for MG, Fondazione Policlinico
Universitario “A. Gemelli” IRCCS (FPG), Rome (index co-
hort; enrolment: 2021-2022), and Azienda Ospedaliero-
Universitaria Careggi (AOUC), Florence (validation cohort;
enrolment: 2022-2024), and included consecutive patients
fulfilling the following criteria: (a) diagnosis of AChR-MG (8],
(b) age > 18years at enrolment, (c) written informed consent.
Enrolment was limited to AChR-MG patients to ensure the
inclusion of a pathophysiologically homogeneous population.
The PASS question was asked to all the patients included in
the study (see Appendix). Two independent evaluators trans-
lated the original PASS question into Italian, which was in-
dependently reviewed and pre-tested on a small MG patient
sample and then refined for clarity and cultural appropriate-
ness (more details in the Supplementary Methods). Patients
were evaluated with the QMG [9], MG-ADL [10], and MG-
QOL15r [11]. This study was approved by the two Institutions
(protocol n. 22914 _bio, approved by AOUC; E.C. protocol
number 0008363/21, approved by FPG), and was conducted
according to the Helsinki Declaration. All patients provided
written consent to participate in this study.

2.1 | Statistical Analysis

Receiver operating characteristic (ROC) curves were used
to estimate the thresholds of the QMG, MG-ADL, and MG-
QoL15r scores associated with a favorable PASS. Mann-
Whitney and y? tests were used to compare continuous and
categorical variables, respectively (normality test used:
Shapiro-Wilk). Clinically significant variables were included
in the multivariable logistic regression models used to iden-
tify covariates independently associated with PASS=YES (see
Supplementary Methods). The agreement between PASS=YES
and MGFA-PIS = MM-or-better was analyzed with Cohen's K.
Statistical analysis was performed with STATA v.18 (STATA
Corp, TX, USA) and GraphPad Prism v10 (GraphPad Software,
CA, USA).

3 | Results

This study included 173 patients, 76 (44%) females, with a me-
dian age at onset of 53years (IQR=30-66), 124 (72%) reporting
an acceptable symptom state (PASS=YES) and 49 (28%) report-
ing an unacceptable symptom state (PASS=NO); 111 patients
were recruited at FPG, Rome (index cohort) and 62 at AOUC,
Florence (validation cohort) (Table S1).

3.1 | PASS Validation and Identification of PASS
Thresholds

In the index cohort, both PASS=YES and MGFA-PIS =MM-
or-better were associated with lower MG-ADL, QMG, and
MG-QOL15r scores (p<0.0001, Table 1; Figure 1A-C;
Figure S1A-C). Based on the ROC analysis (Figure 1D-F;
Figure S1D-F), the MG clinical scales’ thresholds to best
discriminate between patients with and without favorable
PASS were: MG ADL <2, QMG score <8, and MG-QOL15r
<6 (Table S2; thresholds for MGFA = MM-or-better are also
reported in the table).

By applying the thresholds of each scale to the validation co-
hort, all cut-offs reliably identified patients with a favorable
outcome, as defined by an MGFA-PIS = MM-or-better and/or
a positive response to the PASS question (Table S3). When the
ROC analysis was applied to the validation cohort to identify
the best MG scales' thresholds for PASS=YES, the cut-off val-
ues of the index cohort were confirmed only for the MG-ADL
score (<2, sensitivity 75.6%, specificity 68.4%), while lower
cut-off values were identified for the QMG (<6, sensitivity
80.9%, specificity 80%) and the MG-QOL15r (<3, sensitivity
80.6%, specificity 80%).

3.2 | Clinical Determinants of the PASS

Clinical determinants of PASS status were analyzed in the
total patient cohort. Older age at disease onset, milder MG se-
verity, lower MG-ADL, QMG, and MG-QOL15r scores at study
visit, and the frequency of MGFA-PIS = MM-or-better were as-
sociated with PASS=YES (Table 1). In line with these findings,
the MGFA-PIS=MM-or-better and the PASS status showed
substantial agreement (Cohen K=0.63, standard error: 0.08;
p <0.0001), although the two measures were discordant in al-
most 15% of the cases (MGFA-PIS of MM-or-better in 7/41 of
PASS=NO and MGFA-PIS other than MM-or-better in 18/123
of PASS=YES patients, p=0.8). A moderate correlation be-
tween MG-ADL and QMG (r,=0.79, p<0.0001), MG-ADL and
MG-QOL15r (r,=0.76, p < 0.0001), and QMG and MG-QOL15r
(ry=0.66, p<0.0001) was found. VIF values confirmed mod-
erate collinearity (MG-ADL: 2.85; QMG: 2.44; MG-QOL15r:
1.65). To ensure a more conservative approach and min-
imize the risk of overfitting, separate models were built for
each clinical scale, showing that the MG-ADL (OR=0.46
for 1-point increase, 95% CI=0.36-0.60, p<0.001), QMG
(OR=0.72 for 1-point increase, 95% CI=0.64-0.81, p <0.001)
and MG-QOL15r score (OR =0.76, 95% CI10.70-0.84, p < 0.001)
were independently associated with a favorable PASS, while
controlling for MG subtype, maximum MG severity, disease
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FIGURE1 | MG clinical scale scores and reply to the patient acceptable symptom state (PASS) question. PASS=YES patients had a lower median

MG-ADL score (1 vs 5, p<0.0001) (A), QMG score (4 vs 11, p<0.0001) (B), and MG-QOL15r score (1 vs 12.5, p<0.0001) (C) compared to PASS=NO
patients of the index cohort. Receiver operating characteristic (ROC) curve estimating the PASS threshold for MG-ADL score (AUC=0.92, 95% CI
0.86-0.97) (D), QMG score (AUC =0.85, 95% CI 0.77-0.93) (E), and MG-QOL15r score (AUC =0.92, 95% CI 0.80-0.95) (F) of the index cohort. MG-
ADL, Myasthenia gravis activity of daily living score; MG-QOL15r, myasthenia gravis quality of life 15 revised score; PASS, patient acceptable symp-

tom state; QMG, quantitative myasthenia gravis score.

duration, and treatment burden (Table S4). AUC comparison
showed no significant differences between the three models
in predicting PASS=YES (p =0.419, DeLong Test).

Next, we evaluated whether the muscle district involvement (oc-
ular, limb or bulbar), as assessed by each clinical scale, had an
influence on the PASS answer. By multivariable logistic regres-
sion, we found that the ocular item subgroup of the MG-ADL
(OR=0.46 for 1-point increase, 95% C.I. 0.31-0.67, p<0.001),
the QMG (OR=0.65 for 1-point increase, 95% C.I. 0.51-0.84,
p=0.001), and the MG-QOL15r (OR =0.29 for 1-point increase,
95% C.I. 0.13-0.67, p=0.003) were negatively associated with
PASS=YES, while adjusting for the degree of involvement of the
limb and bulbar districts (Table S5).

Lastly, we investigated whether, within the same PASS subgroup
(PASS=YES or PASS=NO), age at onset, sex, and maximum MG
severity correlated with the degree of clinical severity (QMG
score), independence (MG-ADL) and MG-related QoL (MG-
QOL15r) recorded at the study visit. We limited this analysis to
generalized MG, as ocular MG patients have lower QMG, MG-
ADL, and MG-QOL15r values due to the limited disease expres-
sion. The results are reported in Table S6. This analysis showed

that, within the PASS=YES subgroup, patients with a history of
a more severe disease (maximum MGFA =1II to V) had a signifi-
cantly higher median QMG score compared to those with mild
MG at disease peak [5 (IQR=3-8) vs. 4 (IQR=2-6), p=0.022];
among PASS=NO patients, those with a milder disease history
had a significantly lower median QMG [7 (IQR=2-11) vs. 12
(IQR=10-19), p=0.008] and MG-ADL scores [3.5 (IQR=2-4.5)
vs. 6.5 (IQR=4-9), p=0.0115] compared to those with a max-
imum MGFA=III-V. Subgroups based on age at onset (<
or > 50years) and sex showed no significant differences.

4 | Discussion

In this study we validated the PASS question as an effective, con-
cise tool to assess AChR-MG patients’ satisfaction with their dis-
ease control. Similar to what reported before [5], in our study the
patients who responded positively to the PASS question had a
significantly lower disease severity. In addition, we directly cal-
culated the acceptable symptom state (PASS=YES) thresholds
for MG-ADL, QMG and MG-QOL15r scales, validating them
in an independent cohort. Notably, the same thresholds of the
QMG and MG-ADL scores for MM-or-better found in this study
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TABLE1 | Univariate and multivariable analysis of demographic and clinical factors associated with achievement of favorable outcome defined
by the “patient acceptable symptom state” (PASS) question.

PASS=YES (N=124) PASS=NO (N=49) p
Median age at onset, IQR (years) 57.5(36-67) 45 (26-63) 0.037
Female, n (%) 50 (40%) 26 (53%) 0.13
Median disease duration, IQR (years) 6.7 (3-14.3) 6.4 (1-14) 0.40
MG subtype
EOMG 35 (28%) 16 (33%) 0.583
LOMG 22 (18%) 2 (4%) 0.019
VLOMG 30 (24%) 9 (18%) 0.409
Thymoma-associated MG 37 30%) 22 (45%) 0.06
Maximum MGFA clinical classification
I 18 (15%) 4 (8%) 0.318
II 44 (36%) 9 (18%) 0.029
1 33 (27%) 26 (53%) 0.0013
v 14 (11%) 6 (12%) 0.99
\ 15 (12%) 4 (8%) 0.59
Moderate MG to MG crisis (MGFA: I1I-V) at maximum disease 62 (50%) 36 (74%) 0.0063
severity
Bulbar involvement at max. disease severity, n (%) 69 (56%) 30 (61%) 0.504
MG clinical scales
Median MG-ADL score, IQR 1(0-2) 5(3-8.5) <0.0001
Median QMG score, IQR 4(2-6.5) 11 (8-15) <0.0001
Median MG-QOL15r score, IQR 1(0-3) 12.5 (5.5-19.5) <0.0001
Comorbidities 94 (80%) 38 (83%) 0.669
Treatment
No IS 22 (18%) 10 (20%) 0.66
CS 45 (36%) 15 (31%) 0.59
CS+11S 45 (36%) 14 (29%) 0.377
CS+2 or more IS 12 (10%) 10 (20%) 0.0752
Treatment-related AEs 47 (38%) 20 (41%) 0.723
MGEFA PIS®
CSR 14 (11%) 0 0.0114
PR 14 (11%) 0 0.0114
MM 78 (63%) 7 (14%) <0.0001
I 13 (10%) 20 (41%) 0.0004
U 1(1%) 4 (8%) 0.0231
W 3(2%) 9 (18%) 0.0007
MM-or-better 105 (85%) 7 (17%) < 0.0001

Note: The table shows the association of the demographic and clinical characteristics with the PASS status, using the univariate. Significant p values are showed in
bold. a: not applicable in 10 patients (n =1 PASS yes, n=9 PASS no) as the study visit occurred before therapy initiation.

Abbreviations: AE, adverse event; C.I., confidence interval; CS, corticosteroids; CSR, complete stable remission; EOMG, early-onset myasthenia gravis; I, improved;
IQR, interquartile range; IS, immunosuppressant; MG, myasthenia gravis; MG-ADL, myasthenia gravis activity of daily living scale; MGFA, Myasthenia Gravis
Foundation of America; MG-QOL15r, myasthenia gravis quality of life 15-revised; MM, minimal manifestations; PASS, patient-acceptable symptom state; PR,
pharmacological remission; QMG, quantitative myasthenia gravis scale; TAMG, thymoma-associated myasthenia gravis; U, unchanged; VLOMG, very-late onset
myasthenia gravis; W, worsened.
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were recently identified in a large Japanese cohort, which likely
reflects the objectivity of the MGFA-PIS and of these scales [12].
In our study, patients who experienced a severe disease course
perceived as acceptable a disease burden higher than in mildly
affected patients. This suggests that different PASS-positivity
cut-offs may apply to patient subgroups and that patients' re-
silience and expectations regarding disease control influence
the perceived disease burden. This finding may also partially
explain why the optimal thresholds defining PASS-positive pa-
tients in the index cohort differed to some extent from those of
the validation cohort, which was characterized by a higher fre-
quency of mild generalized MG.

Our study revealed that the three most commonly used MG
clinical scales performed equally in detecting an improvement
relevant from the patient perspective. On the other hand, in a
proportion of cases, the MGFA-PIS of MM-or-better was not
associated with a positive PASS, suggesting that these outcome
measures capture different dimensions of the disease. Moreover,
we found that the involvement of different muscular districts
contributes to the perceived disease burden, with ocular com-
plaints having the strongest negative impact on patient satis-
faction. From our findings, ocular complaints should be taken
more into account in the design of future studies, considering
that purely ocular MG patients have been so far excluded from
randomized-controlled trials (RCTs) [13, 14].

This study has several limitations, such as the inclusion of only
AChR antibody-positive patients, its cross-sectional nature,
the frequency of missing data in some analyses, and the lack of
systematic assessment of potential confounders of the PASS re-
sponse, like comorbid depression [15] or employment status [5].

In summary, this study validated the PASS question as a helpful,
reliable, and non-redundant patient-reported outcome measure,
which easily enables the incorporation of the patient perspective
in the MG outcome evaluation. This assessment should be in-
cluded in current clinical practice and in future RCTs, as it can
unveil unmet clinical needs and contribute to the improved care
of patients with MG.

Author Contributions

Gregorio Spagni: conceptualization, investigation, formal analysis,
visualization, writing — original draft, writing - review and editing,
methodology, data curation. Massimiliano Ugo Verza: data curation,
investigation, writing - original draft. Sara Cornacchini: data cura-
tion, investigation. Francesca Beretta: data curation, investigation,
writing - review and editing. Bo Sun: formal analysis, writing - review
and editing. Antonio Lotti: investigation, data curation. Silvia Falso:
data curation, investigation. Alessandro Barilaro: data curation, in-
vestigation. Luca Massacesi: writing — review and editing, methodol-
ogy, resources. Amelia Evoli: conceptualization, writing - review and
editing, resources, supervision, data curation, investigation. Valentina
Damato: conceptualization, methodology, data curation, investigation,
supervision, funding acquisition, writing - review and editing, writing
- original draft, project administration, resources.

Acknowledgments

G.S. is supported by #NEXTGENERATIONEU (NGEU) and funded
by the Ministry of University and Research (MUR), National Recovery

and Resilience Plan (NRRP), project MNESYS (PE0000006)—A
Multiscale integrated approach to the study of the nervous system in
health and disease (DR. 1553 11.10.2022), and during part of the time
when the study took place was supported by the European Academy of
Neurology Research Training Fellowship 2024. V.D. is supported by
the Myasthenia Gravis Rare Disease Network-MGNet, a member of the
Rare Disease Clinical Research Network Consortium (RDCRN) NIH
US54 NS115054, all RDCRN consortia are supported by the network's
Data Management and Coordinating Centre (DMCC) (U2CTR002818),
by #NEXTGENERATIONEU (NGEU) and funded by the Ministry of
University and Research (MUR), National Recovery and Resilience Plan
(NRRP), project MNESYS (PE0000006)—A Multiscale integrated ap-
proach to the study of the nervous system in health and disease (DR. 1553
11.10.2022), by a grant “Giovani Ricercatori—Ricerca Finalizzata 2021”
code GR-2021-12375527 (“NEUROCHECKMATE”) from the Italian
Ministry of Health and by a grant from the EJP-RARE DISEASE 2023
“OptiMyG”. F.B.issupported by the National Recovery and Resilience Plan,
project MNESYS (PE0000006)—A Multiscale integrated approach to the
study of the nervous system in health and disease (DN. 1553 11.10.2022);
Mission 4, Component 1, CUP D.M. 118/2023 B12B23000250006. B.S. is
supported by an NIHR Academic Clinical Lectureship (CL-2021-13-002),
the Academy of Medical Sciences, and the British Medical Association
Foundation. Open access publishing facilitated by Universita degli Studi
di Firenze, as part of the Wiley - CRUI-CARE agreement.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1. R. Iorio, “Myasthenia Gravis: The Changing Treatment Landscape in
the Era of Molecular Therapies,” Nature Reviews. Neurology 20, no. 2
(2024): 84-98.

2. A. Evoli and V. Damato, “Conventional and Emerging Treatments
and Controversies in Myasthenia Gravis,” Expert Review of Neurothera-
peutics 23, no. 5(2023): 445-456.

3. A. Evoli, G. Spagni, G. Monte, and V. Damato, “Heterogeneity in My-
asthenia Gravis: Considerations for Disease Management,” Expert Re-
view of Clinical Immunology 17, no. 7 (2021): 761-771.

4. M. Petersson, A. Feresiadou, D. Jons, et al., “Patient-Reported
Symptom Severity in a Nationwide Myasthenia Gravis Cohort: Cross-
Sectional Analysis of the Swedish GEMG Study,” Neurology 97, no. 14
(2021): e1382-€1391.

5. M. Mendoza, C. Tran, V. Bril, H. D. Katzberg, and C. Barnett, “Patient-
Acceptable Symptom States in Myasthenia Gravis,” Neurology 95, no. 12
(2020): e1617-€1628.

6. D. Menon, C. Barnett, and V. Bril, “Comparison of the Single Simple
Question and the Patient Acceptable Symptom State in Myasthenia Gra-
vis,” European Journal of Neurology 27, no. 11 (2020): 2286-2291.

7. R. Martinez-Harms, C. Barnett, and V. Bril, “Time to Achieve a Pa-
tient Acceptable Symptom State in Myasthenia Gravis,” Frontiers in
Neurology 14 (2023): 1187189.

8. A. Evoli, G. Antonini, C. Antozzi, et al., “Italian Recommendations
for the Diagnosis and Treatment of Myasthenia Gravis,” Neurological
Sciences 40, no. 6 (2019): 1111-1124.

9. R.J. Barohn, D. Mclntire, L. Herbelin, G. I. Wolfe, S. Nations, and W.
W. Bryan, “Reliability Testing of the Quantitative Myasthenia Gravis
Score,” Annals of the New York Academy of Sciences 841 (1998): 769-772.

50f6

5UD 17 SUOWILLOD SAIIEa1D) 3|gedljdde auy Ag pausenob afe sspie YO ‘8sh Jo sa|n 1oy AkeiqiauljuQ 8|1\ UO (SUOIIPUOD-PUE-SLLLIB)WOD A | 1M Aeiq U Uuo//:SdNy) SuoIpUoD pue swid | au) 89S *[520z/L0/T0] uo AriqiauljuQ A8 |IM BleleUeIyd0D AQ 2920/, BUS/TTTT OT/I0p/WO0d 8| 1M Aelq 1 pul|uo//:Sdny wouy pepeojumoq ‘9 ‘GZ0z ‘TEST8OVT



10. G. I. Wolfe, L. Herbelin, S. P. Nations, B. Foster, W. W. Bryan, and R.
J. Barohn, “Myasthenia Gravis Activities of Daily Living Profile,” Neu-
rology 52, no. 7 (1999): 1487-1489.

11. T. M. Burns, R. Sadjadi, K. Utsugisawa, et al., “International Clini-
metric Evaluation of the MG-QOL15, Resulting in Slight Revision and
Subsequent Validation of the MG-QOL15r,” Muscle & Nerve 54, no. 6
(2016): 1015-1022.

12. G. Watanabe, Y. Takai, Y. Nagane, et al., “Cutoffs on Severity Met-
rics for Minimal Manifestations or Better Status in Patients With Gener-
alized Myasthenia Gravis,” Frontiers in Immunology 15 (2024): 1502721.

13.J. F. Howard, Jr., S. Bresch, A. Genge, et al., “Safety and Efficacy of
Zilucoplan in Patients With Generalised Myasthenia Gravis (RAISE): A
Randomised, Double-Blind, Placebo-Controlled, Phase 3 Study,” Lancet
Neurology 22, no. 5 (2023): 395-406.

14. V. Bril, A. Druzdz, J. Grosskreutz, et al., “Safety and Efficacy of
Rozanolixizumab in Patients With Generalised Myasthenia Gravis (My-
carinG): A Randomised, Double-Blind, Placebo-Controlled, Adaptive
Phase 3 Study,” Lancet Neurology 22, no. 5 (2023): 383-394.

15. M. Masuda, K. Utsugisawa, S. Suzuki, et al., “The MG-QOL15 Japa-
nese Version: Validation and Associations With Clinical Factors,” Mus-
cle & Nerve 46, no. 2 (2012): 166-173.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

6 of 6

European Journal of Neurology, 2025

85U017 SUOWIWOD) 8A a1 3|qeot(dde aL Aq peusencb afe sejoiie O ‘8sh J0 Sa|ni Joj AriqiT8uIUQ /8] UO (SUOIPUOD-PUe-SWLSI W0 A 1M ARe.d [l juo//Sdny) SUOIIPUOD pue swis | 841 89S *[5202/20/T0] Uo AriqiTaul|uo A8|IM el euUeIyd0D Aq 2920/ 3US/TTTT OT/I0p/WO0D A8 | 1M ALeiq 1 puluo//Sdny Wouy pepeo|umod ‘9 ‘5202 ‘TEET8IrT



	Validation of the “Patient-Acceptable Symptom State” Question as Outcome Measure in AChR Myasthenia Gravis: A Multicentre, Prospective Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Statistical Analysis

	3   |   Results
	3.1   |   PASS Validation and Identification of PASS Thresholds
	3.2   |   Clinical Determinants of the PASS

	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


