Genetic therapies for patients with spinal muscular atrophy type 1
Spinal muscular atrophy (SMA) type 1—the leading genetic cause of infant mortality—results from an absence of functional copies of the SMN1 gene that encodes survival motor neuron protein (SMN). The course of this disease may soon change, however, as outlined by two publications on successful trials with SMA therapies.1,2 
The report by Jerry Mendell and colleagues,1 describes a small, phase 1 safety trial of gene replacement in 15 symptomatic patients with SMA type 1. Adeno-associated virus 9 (AAV9) vectors were used to deliver SMN1 cDNA by intravenous infusion in a low dose (6.7x1013 viral genomes/kg) to 3 patients or a high dose (2.0x1014 viral genomes/kg) to 12 patients. Patients were followed for 20 months, at which time, none of the treated patients required permanent mechanical ventilation compared with 23 out of 25 (92%) of matched patients in a historic cohort who did. Patients receiving the low dose showed minor increases in motor function as measured by the Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders (CHOP INTEND) scale. For patients receiving the high dose, 11 of 12 achieved and maintained CHOP INTEND scale levels over 40, a level generally not achieved by patients with SMA type 1. Furthermore, 11 patients achieved head control and were able to sit unassisted, 9 could roll over, and 2 were able to stand. The intravenous infusion of AAV9 vectors was well tolerated, although subclinical increases in serum animotranferase levels were observed. These could be attenuated by prednisone treatment. 
The publication by Richard Finkel and colleagues2 describes a phase 3, double-blind, sham-controlled trial in 121 symptomatic patients with SMA type 1, testing the efficacy of nusinersen. Although patients with SMA don’t have functional copies of SMN1, they do possess SMN2 genes that can encode an identical SMN protein. However, exon 7 of SMN2 is generally not recognized by the splicing machinery, resulting in a transcript unable to encode functional SMN.  Nusinersen aims to increase inclusion of SMN2 exon 7 in transcripts, resulting in increased SMN protein production. Nusinersen was administered intrathecally, using four loading doses over 2 months and maintenance doses once every 6 months. A prespecified interim analysis revealed motor-milestone responses for 21 (41%) of 51 nusinersen-treated patients, compared to 0 of 27 sham-treated patients. Following this analysis, the trial was terminated and all 121 infants were enrolled in an open label trial. In the final analysis of 121 infants, 39% of patients with nusinersen treatment had died or were on permanent assisted ventilation, compared to 68% of the control group. Furthermore, 31 (51%) of 73 nusinersen-treated patients had a motor-milestone response, compared to none of the 37 controls. Motor milestones included head-control (22%), rolling over (10%), sitting independently (8%) and the ability to stand (1%). Nusinersen treatment by intrathecal infusion was well tolerated. 
Both trials have their caveats. The gene therapy trial1 is an open label study, and only 12 patients received the higher dose. Another study to confirm efficacy in 15 additional patients was recently initiated (NCT03306277). The nusinersen trial2 was prematurely terminated, and treatment was initiated for the sham-group, complicating the final analysis. Furthermore, in both studies, not all patients responded to treatment. Increasing the expression of SMN protein will not restore motor neurons that have already died, but will slow down the progressive death of motor neurons alive at the time of treatment initiation. It is therefore expected that earlier treatment will be more beneficial. Indeed, in the nusinersen trial,2 patients first treated within 3 months after onset of symptoms responded better functionally and were less likely to require permanent ventilation. In an ongoing open label trial in presymptomatic patients with SMA type 1 (NCT02386553) initiated on May 15, 2015, none of the 20 patients yet require permanent ventilation, and most have met motor milestones like head control and independent sitting. Similarly, two patients with a family history of SMA that enabled early diagnosis responded best in the gene-replacement trial.1 
It is as yet unknown what the long-term effects of treatment will be. In mouse models,3 survival was better after systemic treatment than when only the nervous system was treated. It remains to be seen whether restoring SMN protein only in neurons—as is the case for intrathecally delivered nusinersen—is sufficient in humans. For the gene therapy trial, the longevity of the effect is questionable. Patients are treated at a very young age and since AAV vectors do not integrate into the genome, with growth and cell turnover a dilution of transgenes may occur. Repeated treatment is challenging, due to viral vector immunity. In fact, one patient was excluded from the gene-replacement trial due to pre-existing AAV antibodies.1 Nevertheless, these data are very promising. In fact, the gene therapy approach received a breakthrough therapy designation from the US Food and Drug Administration (FDA), and a priority medicine designation from the European Medicines Agency (EMA). Nusinersen has received marketing authorization from the FDA and EMA for all types of SMA.4,5 
[bookmark: _GoBack]While clinical trials in patients with SMA type 2 revealed a benefit of treatment,4 nusinersen is not yet available to many patients with SMA type 2 or type 3 in the USA and Europe because of reimbursement issues.5 The drug is very expensive (about US$750,000 for the first year then US$375,000 per year).6 This leads to poignant cases, where infants with SMA type 2 are denied treatment because their disease is considered too mild, though still severely debilitating. In fact, given that early treatment results in a better response and that the disease progresses slower in patients with SMA type 2 or type 3, one can argue that these patients may benefit even more than patients with SMA type 1 when treated early. However, also here, time will have to tell.
Regardless, it is understandable that the results have filled the SMA community with hope, because both trials show clear improvement in motor function and survival for a disease normally characterized by decreased function and early death. 
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