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Background: Spinal Muscular Atrophy (SMA) is a severe neurodegenerative disease, characterized by progressive muscle weakness and atrophy. The approval of the antisense oligonucleotide (ASO) nusinersen now provides an effective pharmacological approach with the potential to slow down or stop disease progression with a potentially major impact on patients' well-being.

Objective: This study evaluates quality of life (QoL) in pediatric and adult patients over the course of therapy with nusinersen.

Methods: Twenty-six SMA patients treated with nusinersen were evaluated regarding global QoL (gQoL), health-related QoL (HRQoL) and depressiveness. Assessments were conducted three times over the first 6 months of treatment. Applied were different questionnaires: the Anamnestic Comparative Self-Assessment (ACSA) for gQoL, the Short Form-36 Health Survey (SF-36) for HRQoL in adult patients and the ALS Depression Inventory 12 Items (ADI-12) for depressiveness. The sample was matched with 22 healthy controls.

Results: Despite severe physical restrictions, patients reported high levels of QoL and low levels of depressiveness at study entry. Early disease onset and low levels of physical functioning were associated with better gQoL and lower levels of depressiveness. A significant decrease of gQoL in patients was evident over the course of the study. Still, adult patients reported a significant increase in perceived health.

Conclusions: Our study provides first insight that SMA patients experience a gQoL superior to healthy controls at start of therapy. This might indicate patients' high hopes and expectations toward treatment. gQoL returns to a level similar to that of healthy controls over the course of therapy.
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INTRODUCTION

Spinal muscular atrophy (SMA) is a severe inheritable neurodegenerative disease with childhood onset (SMA type I-III) that is typically characterized by progressive muscle weakness and atrophy. For decades, treatment options in SMA were restricted to supportive care. This changed with the approval of the antisense oligonucleotide (ASO) nusinersen for the treatment of 5q-associated SMA types and its considerable efficacy to modify the course of the disease (1). However, current clinical data on the physical outcome mainly rely on investigations in children, whereas evidence on the benefit of nusinersen for older patients is still a subject of current research (2–5).

Despite the tremendous impact of the disease on daily life, previous studies in untreated children and adults with SMA demonstrated a good subjective quality of life (QoL) (6–8). Also, there is no evidence regarding a higher incidence of depressive symptoms in SMA than in the general population (9). One study even reported better mental health in SMA patients with severe motor disability compared to those with milder symptoms (10). In addition, it has been shown, that physical function and self-reported QoL have no association in children and adolescents with SMA (6). A study on children with Duchenne Muscular Dystrophy, a similarly impairing disease with infantile onset, showed that changes in physical function over a period of 12 months did not correlate with changes in Health-related QoL (HRQoL) (11). Satisfactory well-being has not only been reported in SMA, but also in patients with other severe physical restrictions of different etiology (12, 13). This lack of association between physical integrity and mental well-being has been addressed as the “well-being paradox” (12).

Most of the studies investigating QoL in SMA focused on Health-related QoL (HRQoL) (14), which always includes the assessment of physical integrity, instead of focusing on subjective, self-reported measures of QoL (e.g., global QoL). While few studies report on well-being in untreated patients, very little is known about how well-being is affected by therapy with nusinersen. Some studies within the clinical trials of nusinersen reported on quality of life in treated children. Here, a slight but not significant increase in HRQoL was observed after 85 days of treatment with nusinersen in children with SMA types II and III in the age between 2 and 4 years (15). Children with SMA types II and III in the age between 2 and 12 years reported a significantly better HRQoL after 15 months of treatment compared to an untreated sham-control group (16). These findings were confirmed by an open-lable extension study (17).

These studies provide an evidence regarding beneficial effects of nusinersen on QoL in children. Recent studies also investigated the clinical efficacy of the ASO on physical performance in treated adolescents and adults with promising results (3–5). A further study focusing on patient-reported outcomes showed that confidence in the treatment with nusinersen was maintained (over a period of 10 months) (2). However, to our best knowledge, there is no study that elucidates the impact of the treatment with the ASO nusinersen on QoL in adolescents and adults with SMA. We therefore conducted a clinical study on 26 predominantly adolescent and adult patients with SMA under treatment with nusinersen. Global QoL (gQoL), Health-related QoL (HRQoL) and depressive symptoms were evaluated over a period of 6 months.



METHODS


Participants

We included a total of N = 26 SMA (type I: N = 4, type II: N = 9, type III: N = 13) patients with genetically confirmed deletion in exon 7 and/or 8 in the SMN1 gene, who received treatment with nusinersen at the Department of Neurology, Ulm University Hospital (Germany). Of those, N = 14 were adult and N = 12 pediatric patients with a median age of 44.2 and 13.4 years, respectively. While N = 6 classified as “walkers,” N = 7 were “sitters” and N = 13 “non-sitters.” In addition, we included a control group of 22 neurologically healthy individuals mean-matched for sex, age and education.

For the evaluation of well-being at study entry, data of all participants were analyzed. For the assessment of well-being over 6 months, only those patients with complete data sets for all three time points of investigation were included in the final analyses. One patient presented with pre-diagnosed depression. To avoid potential confounding in the study, this patient was included for the anaylsis of prevalence of depressive symptoms at study entry, but was then excluded from all further analyses. A detailed description of all drop-outs is provided in Table 1.


Table 1. Demographics and clinical characteristics.
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The study was approved by the ethics committee of Ulm University (Approval Number 19/12). Written informed consent was obtained from all participants (or their legal guardians).



Design

The study addressed the assessment of physical function and psychological well-being, including QoL and depressiveness. The interviews took place at day 1, day 60, and day 180 (after 6 months) of treatment.



Well-Being

QoL was evaluated as global QoL (gQoL) with Anamnestic Comparative Self-Assessment (ACSA) (18) for all patients and as Health-related QoL (HRQoL) with Short Form 36 Health Survey (SF-36) (19) for adult patients. SF-36 was also used for one patient turning 18 in the year of assessment. This study also included the assessment of HRQoL in pediatric patients with PedsQL (20). However, due to unfortunate circumstances during data acquisition, we were only able to collect PedsQL data from 8 out of the 12 pediatric patients. Thus, we excluded this questionnaire from our final analyses, but provide the corresponding data in our Supplementary Materials.

The ACSA is a self-anchored rating scale for subjective overall QoL that is thought to be largely independent of age or other sociodemographic parameters (21). Subjects were asked to rate their overall QoL of the last 2 weeks on a scale ranging from −5 to +5 (−5 = worst ever individually experienced QoL; 0 = neutral state; +5 = best ever personally experienced QoL).

The SF-36 is a self-reporting scale for the assessment of perceived HRQoL within the past 4 weeks and comprises 36 items on a 5- or 6-point Likert scale. Assessed are eight different dimensions of HRQoL: physical functioning, role-limitations due to physical health, bodily pain, (perception of) general health, vitality, social functioning, role-limitations due to emotional status and mental health. In addition, the (perceived) health transition compared to the last year is evaluated as a single item measure.

Depressive symptoms were assessed using the ALS Depression Inventory 12 Items (ADI-12) (22), a questionnaire designed for the use in patients with neurodegenerative diseases. The questionnaire, referring to the past 2 weeks, comprises 12 questions with answers on a 4-point Likert scale and addresses anhedonia, mood and energy (22). ADI-12 does not evaluate any symptoms to which both neurodegenerative disease or depression could have contributed (22). Younger children were spared the question if “they often wished they were dead” of the ADI-12. To make them comparable, scores (normally ranging from 12 to 48) were uniformly transformed to percentages of the maximum score (ranging from 25 to 100%).

All questionnaires were applied in fashion of a semi-structured interview.



Clinical Data

Physical function was evaluated with a semi-structured interview [ALS Functional Rating Scale revised form (ALSFRS-R) (23)] for all patients and with functional testing, [Hammersmith Functional Motor Scale Expanded (HFMSE) (24)] for SMA types II and III. Since HFMSE is not an appropriate test for the evaluation of physical function in SMA type I, functional testing for type I was not included in this study. In ALSFRS-R, scores reach from zero (maximum impairment of physical function) to 48 (no impairment of physical function). In HFMSE, scores range from zero (maximum impairment) to 66 (no impairment).



Statistics

The statistical analysis was performed with SPSS 25.0. To test for normal distribution, Shapiro-Wilks-test was performed and accordingly, parametric tests were used: Friedman's ANOVA for repeated-measures, Mann-Whitney test for two independent groups, Kruskal-Wallis test for more than two independent groups and Kendall's Tau for correlations. A threshold of p < 0.05 (two-tailed) was used for statistical interference.




RESULTS


Well-Being at Study Entry

At study entry, patients exhibited a significantly higher gQoL than healthy controls (U = 92.50, z = −2.627, p = 0.010, r = −0.43). The same was true for the subgroup of pediatric patients (U = 26.00, z = −2.327, p = 0.023, r = −0.50). For the subgroup of adult patients, no significant differences compared to controls were found. In addition, no significant differences in qQoL at study entry could be found between SMA types I, II and III or between “walkers,” “sitters” and “non-sitters.”

The level of depressiveness in patients at study entry did not differ significantly from controls (U = 153.50, z = 0.220, p = 0.829, r = 0.04). Both reported a median value of 35.0% on a scale from 25.0% (least depressive) to 100% (most depressive) in ADI-12. In accordance to the cut-offs provided for ADI-12, four (19.0%) patients showed at least mild depressive symptoms. Those four patients, two of them with severe depressive symptoms, were all adult, accounting for 28.6% of the adult subgroup. In the adult subgroup of matched controls, 33.3% presented with severe depressiveness. All pediatric patients and controls scored below the cut-off for depressive symptoms. At study entry, no significant differences in depressiveness were found between SMA types I, II and III or between “walkers,” “sitters” and “non-sitters.”

Concerning HRQoL, patients differed from healthy controls in two out of nine dimensions of SF-36 at start of therapy. These were the dimensions of lower “physical function” (U = 80.00, z = 2.390, p = 0.020, r = 0.53) and lower “general health” (U = 91.00, z = 3.156, p = 0.001, r = 0.71). For the other dimensions, including “mental health,” “social functioning,” and “role-limitations due to physical health” no differences were seen.



Well-Being Over the Course of 6 Months

In this cohort, there was no significant change of physical function over the first 6 months of treatment [HFMSE χ2(2) = 5.042, p = 0.080; ALSFRS-R χ2(2) = 3.000, p = 0.223; Figures 1A,B].
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FIGURE 1. Physical function, global quality of life and rating of general health over the first 6 months of treatment with nusinersen. (A) N = 21; Physical function (HFMSE) in SMA types II and III was evaluated with Hammersmith Functional Motor Scale Expanded (HFMSE), where a value of 0 indicates minimum physical function, and a value of 66 indicates maximum physical function; physical function did not change significantly over the first 6 months of treatment with nusinersen [χ2(2) = 5.042, p = 0.080]. (B) N = 25; Physical function in all subgroups was evaluated with ALS Functional Rating Scale revised form (ALSFRS-R), where a value of 0 indicates minimum physical function, and a value of 48 indicates maximum physical function; physical function did not change significantly over the first 6 months of treatment with nusinersen [χ2(2) = 3.000, p = 0.223]. (C) N = 21; Global quality of life (gQoL) in all subgroups was evaluated with Anamnestic Comparative Self-Assessment (ACSA), where values above zero (max. 5) indicate a positive well-being, while values below zero (min. −5) indicate a negative well-being; gQoL decreased significantly over the first 6 months of treatment with nusinersen [χ2(2) = 6.30, p = 0.043]. (D) N = 11; Rating of general health in adult SMA patients was assessed with Short Form 36 Health Survey (SF-36), where a value of 0 indicates the worst possible rating of general health, while a value of 100 indicates the best possible rating of general health; the rating of general health increased significantly over the first 6 months of treatment with nusinersen [χ2(2) = 7.80, p = 0.021]. *indicates a significant change of values over time in Friedman's ANOVA.


Global QoL significantly decreased longitudinally across all subjects [χ2(2) = 6.30, p = 0.043] (Figure 1C). Subgroup analyses (adult patients, pediatric patients, SMA types I, II, and III, “walkers,” “sitters” and “non-sitters”), did not yield significant results.

In contrast to the situation at study entry, there was no difference in gQoL between patients and controls after 6 months (U = 191.00, z = −0.386, p = 0.728, r = 0.06).

With a stable median value in ADI-12 of 35.0%, depressiveness showed no significant fluctuations over the course of this study [χ2(2) = 1.51, p = 0.469] across all subjects and also in all subgroups (adult patients, pediatric patients, SMA types I, II, and III, “walkers,” “sitters,” and “non-sitters”).

Concerning HRQoL in adult patients, scores of three out of nine dimensions showed a significant change over 6 months. Firstly, “role-limitations due to physical health” [χ2(2) = 6.75, p = 0.034], where scores on day 60 were significantly lower than at study entry and after 6 months. Secondly, “general health” [χ2(2) = 7.80, p = 0.021], where scores on day 60 and after 6 months were significantly higher than at study entry (Figure 1D). Thirdly, “health transition” [χ2(2) = 12.18, p = 0.002], where scores on day 60 and after 6 months were also significantly higher than at study entry. In the dimensions “social functioning,” “role limitations due to emotional status,” “bodily pain,” “mental health,” “vitality,” and “physical functioning” no change was seen.



Associations of Well-Being and Clinical Data

Better gQoL correlated with lower physical function (after 6 months; HFMSE: τ = −0.41, p = 0.028) across all subjects (Figure 2). Separate analyses of all subgroups found a significant correlation only in the subgroup of non-sitters (after 6 months; HFMSE: τ = −0.67, p = 0.021).
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FIGURE 2. Association of global quality of life with physical function. N = 19; Global quality of life (gQoL) was evaluated with Anamnestic Comparative Self-Assessment (ACSA), where values above zero indicate (max. +5) a positive well-being, while values below zero (min. −5) indicate a negative well-being; Physical function was evaluated with Hammersmith Functional Motor Scale Expanded (HFMSE) with values from 0 (minimum physical function) to 66 (maximum physical function); data points labeled “2” represent 2 patients; higher qQoL was significantly associated with lower physical function (τ = −0.41, p = 0.028).


In accordance, an earlier disease onset was associated with better gQoL (after 6 months; τ = −0.44, p = 0.015) across all subjects. In separate analyses of the subgroups (adult patients, pediatric patients, SMA types I, II, and III, “walkers,” “sitters,” and “non-sitters”), no significant correlations were found. Those with a later disease onset exhibited higher levels of depressiveness (after 6 months; τ = −0.49, p = 0.018). Furthermore, higher scores for depressiveness were correlated with better physical function (after 6 months; HFMSE: τ = −0.43 p = 0.030) (Figure 3). These two correlation analyses did not reveal significant results in separate analyses of the subgroups.
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FIGURE 3. Association of depressiveness with physical function. N = 15; Depressiveness was evaluated with ALS Depression Inventory 12 (ADI-12), where the original scale from 12 to 48 was transformed into percentual values of the maximum score, yielding a scale from 25 to 100%. Physical function was evaluated with Hammersmith Functional Motor Scale Expanded (HFMSE) with values from 0 (minimum physical function) to 66 (maximum physical function); lower depressiveness was significantly associated with lower physical function (τ = −0.43, p = 0.030).


The perception of one's health (dimension “general health” in SF-36) exhibited no correlation with physical function (after 6 months; HFMSE: τ = −0.36, p = 0.147).




DISCUSSION

Despite severe physical restrictions, we revealed a satisfactory gQoL and low levels of depressiveness in this cohort of SMA patients, which is in line with previous observations (6, 7, 9). At study entry, QoL was even higher than in healthy controls and declined during the first half year of therapy with nusinersen. This decline might be tentatively interpreted as a return to a baseline gQoL after a pretherapeutic elevation of gQoL triggered by patients' hopes and expectations toward therapy. This return to a baseline QoL after a few months of transiently elevated QoL would represent a physiological process, which has already been described in association with positive life events (25). Thus, this development does not necessarily imply dissatisfaction or disappointment with therapy. However, a direct negative impact of nusinersen itself on qQoL cannot be excluded entirely, but it is of note that no adverse events were reported. Furthermore, a study by Osmanovic et al. (2) in adult SMA patients under treatment with nusinersen reported high treatment expectations at study entry, which remained stable across 10 months with some negative expectations even decreasing over time. Thus, disappointment or a direct negative effect of nusinersen seem improbable. Nevertheless, it has to be mentioned that measurement of pretherapeutic QoL was not feasible in this study, but should be an important component of future research.

Among patients, better physical function appeared to be a risk factor for worse gQoL and higher levels of depressiveness. This is consistent with previous findings (4) and is explainable by the fact that physical function is worse in those patients with a faster disease progression and consequently a loss of function early on in life. The loss of critical motor abilities at later points in life is thought to make it harder for patients to adapt to a life with SMA, considering that these patients have experienced a life with certain abilities before. Thus, for younger patients, who experienced physical restrictions early on in life, those physical restrictions may have become part of their self-concept with less negative impact on their mental well-being.

Regarding SF-36 values, adult patients differed from controls in only two out of eight dimensions, with lower scores in “physical function” and “general health.” This is in line with a previous study (10), which also reported lower values in the SF-36 dimension “physical function” in adult patients with SMA. However, this study found no significant difference regarding “general health” relative to general population (10). A study in adult patients that focussed only on pain found normal scores in the domain “bodily pain,” which did not differ from the general population (26). This conforms with our findings.

According to our results in the SF-36 domains “general health” and “health transition” (the latter comparing the current health to 1 year ago), adult patients perceived an improvement of health over the course of therapy. This is not in contrast to our finding of declining subjective gQoL, considering that this finding applies for the entire cohort of adult and pediatric patients, while the finding of approved subjective health only applies for adult patients. In this subgroup no significant decline of gQoL could be detected. Furthermore, subjective QoL and HRQoL (including perceived health) are two distinct entities, which can also diverge, as previously shown in patients with ALS (12). As mentioned, there are only very few studies that investigated subjective self-reported quality of life in SMA. This restricts a direct comparison to results of other studies, focusing solely on HRQoL. Still, there is an inevitable need for the inclusion of subjective measures of QoL in clinical studies, since they depict the patients' perception without making further, probably flawed, assumptions on the impact of health on QoL.

It can be discussed whether the perceived improvement in health may also be triggered to some extent by patients' hopes and expectations toward therapy. However, Osmanovic et al. found no influence of treatment expectations on treatment outcome in adult patients treated with SMA (2). Regardless of this, an improvement of subjective experience of health may represent a major impact of nusinersen on SMA patient's life.


Limitations

Some shortcomings have to be discussed. We investigated a relatively small sample size including pediatric and adult patients with different types of SMA, which may limit the generalizability of our results. Accordingly, subgroup analyses have to be regarded with caution owing to the unbalanced and even smaller group sizes. However, considering SMA as a rare disease, higher sample sizes are hard to acquire, in particular in monocentric approaches. In addition, our follow-up investigations were conducted over a period of 6 months and we cannot exclude significant improvements in motor function along with possible positive effects on QoL after this period of time, in particular in older patients with SMA II and III. Thus, a longer follow-up would be desirable for future studies. To warrant comparability within one study design, we mainly used psychometric measures designed for adult patients with however limited evidence on reliability and validity in a pediatric population. Whereas, the ADI-12 has only been validated for adult patients, a previous study demonstrated good validity of the ACSA in adolescents (eleven to 18 years of age) (27), supporting its use in studies with a great dispersion of age as in our study. Especially in younger patients, proxy estimation by caregivers would have added to our understanding of patients' QoL and affective state, and needs further exploration in future studies. As mentioned, a further limitation in our study is the lack of data on QoL prior to day one of treatment. We therefore cannot exclude alterations in baseline QoL prior to the first application of nusinersen, owing to hopes and expectations toward therapy. Thus, future multicenter studies with homogeneous samples and longer study courses are needed, which also consider QoL measures prior to treatment with nusinersen.



Conclusion

In conclusion, over the first 6 months of therapy with nusinersen, SMA patients reported a subjective feeling of improved health whereas subjective well-being did not positively change under treatment.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of Ulm University. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

LM was responsible for data collection, statistical analysis, data interpretation, and writing the manuscript. BW coordinated the study and critically revised the manuscript. CW was responsible for planning and coordination of the study, as well as critically revising the manuscript. SP collected data and critically revised the manuscript. SW and ZU were involved in coordination of the study. HG critically revised the manuscript. AL was involved in planning of the study and critical revision of the manuscript. DL was responsible for planning of the study, coordination of the study, statistical analysis, and writing the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

CW was supported by a clinician scientist fellowship (sponsored by the Charcot Foundation for ALS research). This is an EU Joint Programme—Neurodegenerative Disease Research (JPND) project (NEEDSinALS 01ED1405 and PreFrontAls 01ED1512). This project was supported through the following organizations under the aegis of JPND—www.jpnd.eu e.g., Germany, Bundesministerium für Bildung und Forschung (BMBF, FKZ), Sweden, Vetenskaprådet Sverige, Poland, Narodowe Centrum Badan' i Rozwoju (NCBR). This work was additionally funded by the Deutsche Forschungsgemeinschaft (DFG, LU 336/13-2), the Bundesministerium für Bildung und Forschung (FTLDc O1GI1007A, MND-Net 01GM1103A; PaCeMed 01DS18031) and the foundation of the state Baden-Württemberg (D.3830), Boehringer Ingelheim Ulm University BioCenter (D.5009), Thierry Latran Foundation. Also, this project was funded by the Deutsches Zentrum für Neurodegenerative Erkrankungen (DZNE). The funding sources played no role in the preparation of this manuscript.



ACKNOWLEDGMENTS

The authors thank the patients and their families for participating in this study. Thanks for conducting the HFMSE to Beate Schwäble and Melanie Nikitin.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2021.626787/full#supplementary-material



REFERENCES

 1. Mercuri E, Darras B, Chiriboga C, Day JW, Campbell C, Connolly AM, et al. Nusinersen versus sham control in later-onset spinal muscular atrophy. N Engl J Med. (2018) 378:625–35. doi: 10.1056/NEJMoa1710504

 2. Osmanovic A, Ranxha G, Kumpe M, Müschen L, Binz C, Wiehler F, et al. Treatment expectations and patient-reported outcomes of nusinersen therapy in adult spinal muscular atrophy. J Neurol. (2020) 267:2398–407. doi: 10.1007/s00415-020-09847-8

 3. Moshe-Lilie O, Visser A, Chahin N, Ragole T, Dimitrova D, Karam C. Nusinersen in adult patients with spinal muscular atrophy Observations from a single center. Neurology. (2020) 95:e413–6. doi: 10.1212/WNL.0000000000009914

 4. Veerapandiyan A, Eichinger K, Guntrum D, Kwon J, Baker L, Collins E, et al. Nusinersen for older patients with spinal muscular atrophy: a real-world clinical setting experience. Muscle Nerve. (2020) 61:222–6. doi: 10.1002/mus.26769

 5. Hagenacker T, Wurster CD, Günther R, Schreiber-Katz O, Osmanovic A, Petri S, et al. Nusinersen in adults with 5q spinal muscular atrophy: a non-interventional, multicentre, observational cohort study. Lancet Neurol. (2020) 19:317–25. doi: 10.1016/S1474-4422(20)30037-5

 6. de Oliveira CM, de Q.C., Araújo AP. Self-reported quality of life has no correlation with functional status in children and adolescents with spinal muscular atrophy. Eur J Paediatr Neurol. (2011) 15:36–9. doi: 10.1016/j.ejpn.2010.07.003

 7. J. Jeppesen A, Madsen J, Marquardt J, Rahbek J. Living and ageing with spinal muscular atrophy type 2: observations among an unexplored patient population. Dev Neurorehabil. (2010) 13:10–8. doi: 10.3109/17518420903154093

 8. Bach JR, Vega J, Majors J, Friedman A. Spinal muscular atrophy type 1 quality of life. Am J Phys Med Rehabil. (2003) 82:137–42. doi: 10.1097/00002060-200302000-00009

 9. Günther René, Wurster CD, Cordts I, Koch JC, Kamm C, Petzold D, et al. Patient-reported prevalence of non-motor symptoms is low in adult patients suffering from 5q spinal muscular atrophy. Front Neurol. (2019) 10:1098. doi: 10.3389/fneur.2019.01098

 10. Kruitwagen-Van Reenen E, Wadman R, Visser-Meily J, van den Berg L, Schroder C, van der Pol L. Correlates of health related quality of life in adult patients with spinal muscular atrophy. Muscle Nerve. (2016) 54:850–5. doi: 10.1002/mus.25148

 11. Messina S, Vita GL, Sframeli M, Mondello S, Mazzone E, D'Amico A, et al. Health-related quality of life and functional changes in DMD: a 12-month longitudinal cohort study. Neuromuscul Disord. (2016) 26:189–96. doi: 10.1016/j.nmd.2016.01.003

 12. Kuzma-Kozakiewicz M, Andersen P, Ciecwierska K, Vázquez C, Helczyk O, Loose M, et al. An observational study on quality of life and preferences to sustain life in locked-in state. Neurology. (2019) 93:10. doi: 10.1212/WNL.0000000000008064

 13. Neudert C, Wasner M, Borasio GD. Individual quality of life is not correlated with health-related quality of life or physical function in patients with amyotrophic lateral sclerosis. J Palliat Med. (2004) 7:551–7. doi: 10.1089/jpm.2004.7.551

 14. Landfeldt E, Edström J, Sejersen T, Tulinius M, Lochmüller H, Kirschner J. Quality of life of patients with spinal muscular atrophy: a systematic review. Eur J Paediatr Neurol. (2019) 23:347–56. doi: 10.1016/j.ejpn.2019.03.004

 15. Chiriboga CA, Swoboda KJ, Darras BT, Iannaccone ST, Montes J, De Vivo DC, et al. Results from a phase 1 study of nusinersen (ISIS-SMNRx) in children with spinal muscular atrophy. Neurology. (2016) 86:890–7. doi: 10.1212/WNL.0000000000002445

 16. Johnson NB, Paradis AD, Naoshy S, Wong J, Montes J, Krasinski DC. Evaluation of nusinersen on impact of caregiver experience and HRQOL in later-onset spinal muscular atrophy (SMA): results from the phase 3 CHERISH trial (1429). Neurology. (2020) 94 (Suppl. 15) 1429.

 17. Montes J, Krasinski D, Foster R, Gambino G, Paradis A, Garafalo S, et al. Impact of continued nusinersen treatment on caregiver experience and health-related quality of life in later-onset SMA: results from the SHINE study. Neuromuscul Disord. (2020) 30:S125. doi: 10.1016/j.nmd.2020.08.268

 18. Bernheim J. How to get serious answers to the serious question: ‘how have you been?’: subjective quality of life (QOL) as an individual experiential emergent construct. Bioethics. (1999) 13:272–87. doi: 10.1111/1467-8519.00156

 19. Ware J, Sherbourne C. The MOS 36-item short-form health survey (SF-36): I. conceptual framework and item selection. Med Care. (1992) 30:473–83. doi: 10.1097/00005650-199206000-00002

 20. Varni JW, Seid M, Rode CA. The PedsQL: measurement model for the pediatric quality of life inventory. Med Care. (1999) 37:126–39. doi: 10.1097/00005650-199902000-00003

 21. Bernheim JL, Theuns P, Mazaheri M, Hofmans J, Fliege H, Rose M. The potential of anamnestic comparative self-assessment (ACSA) to reduce bias in the measurement of subjective well-being. J Happiness Stud. (2006) 7:227–50. doi: 10.1007/s10902-005-4755-0

 22. Kübler A, Winter S, Kaiser J, Birbaumer N, Hautzinger M. Das ALS-Depressionsinventar (ADI): Ein Fragebogen zur Messung von Depression bei degenerativen neurologischen Erkrankungen (amyotrophe Lateralsklerose)- A questionnaire to measure depression in degenerative neurological diseases. Zeitschrift für Klinische Psychologie und Psychotherapie. (2005) 34:19–26. doi: 10.1026/1616-3443.34.1.19

 23. Cedarbaum J, Stambler N, Malta E, Fuller C, Hilt D, Thurmond B, Nakanishi A, et al. The ALSFRS-R: a revised ALS functional rating scale that incorporates assessments of respiratory function. J Neurol Sci. (1999) 169:13–21. doi: 10.1016/S0022-510X(99)00210-5

 24. Ramsey D, Scoto M, Mayhew A, Main M, Mazzone ES, Montes J, et al. Revised Hammersmith Scale for spinal muscular atrophy: a SMA specific clinical outcome assessment tool. PLoS ONE. (2017) 12:19. doi: 10.1371/journal.pone.0172346

 25. Suh E, Diener E, Fujita F. Events and subjective well-being: only recent events matter. J Pers Soc Psychol. (1996) 70:1091–102. doi: 10.1037/0022-3514.70.5.1091

 26. Abresch RT, Carter GT, Jensen MP, Kilmer DD. Assessment of pain and health-related quality of life in slowly progressive neuromuscular disease. Am J Hosp Palliat Med. (2002) 19:39–48. doi: 10.1177/104990910201900109

 27. Roeser K, Schwerdtle B, Eichholz R, Kübler A. Applicability and validity of the amnestic comparative self-assessment in adolescents. Health Psychol Res. (2013) 1:e8. doi: 10.4081/hpr.2013.638

Conflict of Interest: BW and ZU received honoraria from Biogen for lectures and consultation, respectively. CW received honoraria from Biogen (as an Advisory board member and for lectures) and from Hoffmann-La Roche (as a consultant and Advisory board member). She also received travel expenses from Biogen. AL received honoraria from AB Science, Biogen, Cytokinetics, GSK, Orion Pharma, Novartis, Tau Rx Therapeutics Ltd., TEVA Pharmaceuticals, Mitsubishi, and Hoffmann-La Roche.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Mix, Winter, Wurster, Platen, Witzel, Uzelac, Graf, Ludolph and Lulé. 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.



OPS/images/fneur-12-626787-g003.gif
EXTEEEEEEEE]

(oot ummeuziiavP %)
sssanssasdon

st fncton (HEMSE)






OPS/images/fneur-12-626787-t001.jpg
Total Adult  Pediatric

1 (individuals) 26 14 12
Age (years) Median 234 242 13.4

u. quart. 45.4 489 15.3

. quart. 135 300 1.5

Min. 75 219 75

Max. 60.8 608 17.7
Disease onset  Median 1.0 1.0 00
(years) u. quart. 30 135 20

1. quart. 00 00 0.0

Min. 00 00 0.0

Max. 170 17.0 30
Sex (ndividuals)  Male 16 10 6

Female 10 4 6
Type of SMA 1 4 0 4
(individuals) i ° 5 4

[ 13 9 4
Motor function  Walker 6 4 2
(individuals) Sitter 7 4 3

Non-sitter 13 6 7
nafterdopouts Dayi 24

Day180 21200de
WRQoL P! 2
Day 180 1{vegh
- Day 1 212h

Day180 15%bcahi)

Physical Day 1 22¢/26
function
(HFMSE/  Day180 21%/25'

ALSFRS-R)

. quart., upper quartie; I. quart., lower uartile; min., minimum; max., maximum; HFMSE,
Hammersmith Functional Motor Scale Expanded with values from O (minimurm physical
function) to 66 (maximum physical function); ALSFRS-R, ALS Functional Rating Scale
Revised with values from O (minimurm physicalfunction) to 48 (maximum physicalfunction);
9QoL, Global qualty of lfe; HRQoL, Health-related quality of ife; dep., depressiveness.
20ne patient included after day 1.

bOne patient with pre-diagnosed depression was included exclusively for evaluation of
the prevalence of depressive symptoms with ADI-12 at day 1

©One adult patient wished to end particiation in the study after day 1.

9One pediatric patient wished to end participation in the stucy after day 1.

°Data collection missed in one pediatric patient.

Two adult patients were included after day 60.

90ne pediatric patient tuming 18 in the course of the study was included in the
assessment with SF-36.

"Refrained from data collection at day 1 in 4 pediatric patients in the patient's interest.
'Data collection missed in 2 adlult patients.

/One patient wished to end assessment with ADI-12 after day 1.

KThe 4 patients with type | SMA were not tested with HFIISE.

/One pediatric patient could no longer be tested for physical function due to & change of
clinic after day 60.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Quality of Life in SMA Patients Under Treatment With Nusinersen



		Introduction



		Methods



		Participants



		Design



		Well-Being



		Clinical Data



		Statistics







		Results



		Well-Being at Study Entry



		Well-Being Over the Course of 6 Months



		Associations of Well-Being and Clinical Data







		Discussion



		Limitations



		Conclusion







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Quality of Life in SMA Patients Under
Treatment With Nusinersen





OPS/images/fneur-12-626787-g001.gif
[T





OPS/images/fneur-12-626787-g002.gif
sl fonction (HEMSE)










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





