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Next, I’ll provide a bit of background on the process used to add a newborn screening condition to the state panel in WA. When a new condition is recommended to the State for consideration, an internal review is first completed to ensure adequate data exists for a given disorder, as well as to make some initial observations regarding the types of additional information we may need to compile or generate in order to facilitate a formal evaluation by the NBS Advisory Committee, which is made up of a variety of internal and external stakeholders. Here, we have listed the five criteria that are used by the advisory committee to evaluate a potential NBS condition. These criteria are similar to other states and include the need for a sensitive, specific and timely screening test, as well as a requirement that diagnostic testing and treatment is available for the condition. Furthermore, the prevention potential and medical rationale criteria states that identification of a condition must provide a clear benefit to the newborn to prevent a delay in diagnosis, developmental impairment, serious illness, or death. The public health rationale states that the nature of the condition should justify population-based screening rather than risk-based. Finally, the cost benefit/ cost effectiveness criteria states the outcomes should outweigh the costs of screening. So, the advisory committee will evaluate a condition against these criteria and make a recommendation to the SBOH either for or against screening. So, it is within the context of these two background slides I have just shared that the project we will be discussing today came into being.
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To begin, I’ll provide a very brief background on why we’re discussing lysosomal storage disorders today. The lysosome is a cellular organelle that uses enzymes to “digest” various organic components like foreign materials or in programed cellular breakdown, such as in this image where the lysosome is digesting an old mitochondria. In the event that one or more of these lysosomal enzymes are deficient, an individual may manifest diverse symptoms related to the particular lysosomal storage disorder. There are over 50 LSDs, and  each is genetically distinct. Recent advances have led to the development of screening assays to detect LSDs through dried blood spots, as well as new medical therapies to treat them. This means that for the first time, not only can we detect LSDs early, we can also do something about it. This naturally calls to mind whether these conditions might be good targets for newborn screening.
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This question “whether LSDs may serve as good nbs targets” has been a topic of discussion for stakeholders for the last several years and was similarly a question that had come up in the WA nbs program.  Around this same time, we were approached by a Master’s student completing a degree in public health genetics who was interested in conducting a practicum project related to nbs. So, we identified the project of assessing the current level of evidence that existed for several LSDs as it pertained to the WA state criteria. In developing this project, we were careful to define the scope and the deliverables of the practicum to maximize mutual benefit to both the student and our nbs program. For this practicum, we investigated the current evidence for Pompe Disease, Fabry disease, MPS I, and Krabbe disease. We chose these four conditions because they offered a variety of current evidence and acceptance within the nbs community. For example, Pompe disease has been added to the RUSP, while MPS I is currently being considered. Both Fabry disease and Krabbe disease were not recommended for the RUSP, but screening is underway in several states. To complete this analysis, the student first conducted a literature review to survey the current state of knowledge available for each condition as it pertained to the state criteria. Megan utilized research studies, as well as data from any evidence reviews completed by the SACHDNC, and any policy documents. She then parsed the data according to the criteria and structured it into summary documents that succinctly portrays the broad level of evidence available for each condition and criteria. It is important to note that these summary documents were not exhaustive in providing all available data for a condition and were not in and of themselves an evaluation of whether a condition fit the criteria or would be a suitable screening condition in WA. Instead, the documents provide a quick snapshot of criteria where ample evidence is available for a given condition and areas where we may need to dig deeper or compile additional data. In this way, the summary documents are available to serve as a starting point of discussion by the WA state nbs internal review committee if any of these disorders come up for consideration. Similarly, the preliminary findings we will share in our talk today are not a formal assessment of whether a condition meets our state criteria, but are rather the initial observations of  a student as to which criteria may warrant a closer look due to the existing evidence.
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The first condition we evaluated was Pompe disease and here you see an image of the Acid alpha-glucosidase (GAA) enzyme that is deficient in this disease. We considered this condition first since it seems to be the most likely LSD to come up for consideration in WA due to its addition to the RUSP and since several states and countries have implemented screening. As such, there is ample evidence to suggest that suitable screening technologies exist for Pompe disease (Hopkins et al 2014) and the development of ERT as a treatment has been shown to successfully improve survival and quality of life (Chien et al 2015). Furthermore, newborn screening for Pompe has revealed a higher than predicted prevalence of the condition, which supports the public health rationale criteria. Instead, for Pompe disease our evaluative process identified the prevention potential criterion as an interesting area for more in depth discussion. 



A Closer Look: 
Pompe Disease

• How do late-onset cases fit 
in?

• “Patients in Waiting”
• Enzyme replacement 

therapy can provide 
benefits once symptomatic

Presenter
Presentation Notes
The prevention potential criterion states that nbs for a condition should allow for early diagnosis and intervention of affected individuals. For Pompe disease, this leads to the question, what about late-onset individuals? Data from the first six months of one state’s full population pilot of screening for Pompe disease revealed that for the 3 newborns diagnosed with infantile Pompe disease, another 3 were classified as late onset, and an additional 2 newborns were classified with unknown sig/onset. These findings are consistent with an analysis of several other pilot studies that showed at least 50% of identified Pompe cases are later onset. For those infants identified as likely later-onset or with variants of unknown significance, a process of watchful waiting begins, with annual assessments to ascertain whether the patient has become symptomatic. In the event of symptoms, ERT will be initiated. ERT in later-onset patients has been shown to provide modest improvements in muscle strength, respiratory function, and limited improvement in quality of life. (Golden Grant 14) NBS may also prevent a diagnostic odyssey for this patient later in life. However, there have also been concerns voiced about the potentially negative impacts of becoming a “Patient in waiting”. For example, mandatory newborn screening that detects a later-onset condition could violate that individual’s autonomy to make testing decisions. Furthermore, the literal and emotional costs of long term medical surveillance and treatment must be compared to the modest improvements to the health of the patient. Taken together, these factors could facilitate a rich discussion around Pompe disease and the prevention potential criteria in WA state.
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The next condition we evaluated was Fabry disease, and here you can see the alpha galactosidase enzyme that is deficient in this condition. For Fabry disease, ERT is an effective treatment that dramatically improves the outcomes of patients, supporting both the treatment and prevention potential criteria. The many pilot studies and implemented screening have also observed a higher birth prevalence that previously predicted which supports the public health rationale. Instead, for Fabry disease, we’ll take a closer look at the available screening technology.
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While Fabry disease is an x-linked condition, females have been found to not simply be carriers of the disease, but instead, most females with GLA mutations will develop clinical manifestations that may be severe and similar to those observed in males later in life. However, unlike males, females with GLA mutations consistent with developing Fabry disease may have enzyme activities that are indiscernible from normal controls. This could be problematic since most algorithms currently assess DNA only as a second tier, following decreased enzyme activity. It has been estimated that currently employed nbs for Fabry disease using digital microfluidics may miss approximately 30% of female heterozygotes. Therefore, further discussion may be warranted to determine if detecting later onset forms of Fabry disease with equal sensitivity in both sexes is a goal implied within the criterion necessitating a sensitive screening test. If so, the current screening algorithms that only use DNA as a second tier may not be considered sufficient and a more thorough discussion may be warranted. 
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The next condition we evaluated was MPS-I and here you can see the Alpha-L-iduronidase enzyme deficient in this condition. Screening assays utilizing dbs have been developed and validated in several states and countries for MPS I. The evidence also suggests that successful early treatment can improve survival and cognitive outcomes. Finally, studies comparing the prevalence of MPS I detected clinically versus through screening supports the public health rationale, since cases of MPS I, especially less severe forms, frequently go undiagnosed. Instead, for MPS I, we will take a closer look at the Diagnosis/Treatment criterion.
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According to the Diagnostic testing and treatment available crierion, effective treatment should be available for all infants identified with the condition. For those identified with the severe form of MPS I early, HSCT is the treatment of choice, especially since transplant mortality has been reduced to 10-15% and successful transplant dramatically improves survival. However, even for those with successful transplants, a large disease burden persists for most patients. Early dx and treatment are the best predictors of post-transplant outcomes. However, current nbs methods cannot distinguish between severe and other forms of MPS I. In the absence of a genotype suggestive of severe disease, a patient must be monitored for any suggestion of a severe phenotype, at which point they will proceed to HSCT. For those patients who are identified as having an attenuated form of MPS I, treatment with ERT is indicated. ERT slows or prevents most disease progression, although it cannot cross the blood brain barrier, and so symptoms are still likely to develop in patients treated early with ERT, especially in hard-to-reach tissues, such as bone. While treatment with HSCT or ERT provides significantly improved outcomes compared to the natural history of the disease, the lack of dx tools to evaluate the phenotype in newborns, as well as the residual disease burden in all forms of treated MPS I may provide a source of more in-depth discussion considering how the diagnostic and treatment criterion for a mandatory nbs condition fit with MPS I. 
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Next we considered Krabbe disease, and pictured is an image of the Galactocerebrosidase enzyme that is deficient in this condition. For Krabbe disease, multi-tiered screening technologies have been developed and validated through several pilots and state screening programs. Standards of care to diagnose severe disease and intervene with HSCT when indicated have been developed and the treatment of HSCT has shown to slow disease progression. A successful transplant can indeed offer prevention potential by preventing death in a child, which if untreated, occurs by 2 years of age. Instead, we will take a closer look at how well the current level of  evidence supports the Public Health Rationale criteria in WA state.
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Washington’s Public health rationale criterion states that the nature of the condition should justify population-based screening rather than risk-based or other approaches. For Krabbe disease, it has been argued that a research protocol, with IRB approval and parent consent may be more appropriate, rather than mandatory NBS (Friedman Ross 2015). This is because of several complicating factors that have emerged following the initiation of screening in some states and pilots. For example, initial registry data suggested 90% of affected individuals would have the early-onset form of Krabbe, whereas results of the first eight years of screening in one state indicate only  about 10% have presented with the severe early-onset form, while the remainder of identified babies have ambiguous onset predictions. Therefore, the prevalence of early-onset Krabbe appears to be much lower than expected. In addition, because the current screening methodologies are not able to reliably distinguish between early-onset, late-onset or asymptomatic newborns, it could be argued that a more specific screening algorithm is needed before widespread screening is implemented. Finally, even when infants become symptomatic and the most promising treatment – stem cell transplant – is administered, the outcomes still often include a high disease burden. In eight years of screening, NY has identified five newborns who were symptomatic and eligible for transplant. Of these 5, the parents of one child refused treatment and the child subsequently died at several months of age with clinically evident KD, one child received a transplant at 2 mos of age and has severe neurological problems, one child received a transplant at one mo of age and is doing relatively well with gross motor delays, and two died of complications of transplant. Taken together, these findings may prompt a deeper discussion regarding how Krabbe disease fits within the Public Health Rationale criterion in WA state.
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To this point, I have been sharing some preliminary observations made by a master’s student as to which nbs criteria for each of the LSDs may prompt a more in depth discussion and need for additional data by an internal review committee. This would allow the review committee in turn to prepare and provide sufficient information to the Newborn Screening Advisory Committee, should they consider one of these conditions. This is an image of the product of this practicum, the summary document, that was intended to be a relatively succinct tool to lay out the current evidence alongside the criteria in the narrative fashion. Another supplemental product was also developed as part of this practicum; this involved taking the technical summary document developed for Pompe disease and converting it into a shorter piece with language that is accessible for a lay audience. Rather than the internal review committee, this document would be something more similar to what the diverse advisory committee may use as a resource in their evaluative process of a condition. Overall, both these documents are meant to springboard meaningful discussions regarding whether a particular condition is suitable for NBS in WA state and are designed to be shareable and modifiable over time when either new evidence becomes available or additional conditions are considered.
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This need for an adaptable document and evaluative process has already become evident in WA, since one major change has occurred from the time of the original analysis. In 2014, the SBOH convened to re-evaluate the criteria. While the five criteria remained virtually the same, a qualifying assumption and three guiding principles were added. The qualifying assumption sets out that even before the advisory committee is convened to review a candidate condition against the criteria, a preliminary review should be done to determine whether there is sufficient scientific evidence available to evaluate the criteria. In addition, three guiding principles were added to state that: first, decision to add a screening test should be driven by evidence, such as a scientific evaluation of the screening test and available treatments, second: all children who screen positive  should have reasonable access to diagnostic and treatment services, and third: the benefits of screening for a condition should outweigh any harms to families, children and society. In addition, the Prevention Potential and Medical Rationale criteria was modified to specifically state that for conditions with late-onset forms, the benefits of detecting the early onset forms (defined as w/in 1 yr of life) should balance the impact of detecting the later-onset forms. So while these new principles were not addressed by the current evaluation, their addition highlights the evolving nature of this process and the need for an adaptable document to evaluate potential conditions. Particularly for the LSDs, it isn’t hard to imagine how adaptions of the criteria, as in for the consideration of late onset forms, might significantly alter the organization of the data and subsequently, the conversation of how well it fits the WA criteria.
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I will wrap up with some of our take-aways from this project. First, we found that it is possible to develop collaborative projects that benefit both the nbs program and outside partners such as students. In this case, we anticipate the products that were created will be useful to our program, especially as we expect to consider Pompe for the state panel in the near future. In turn, we were able to provide a meaningful learning opportunity for the student and help foster a passion for  nbs, which then led to a new employee of the program. However, for such collaborations to be successful and provide benefits to all parties involved, it is critical to reach agreement on the project scope, goals, and deliverables early on. This Master’s practicum was developed with the goal of preemptively initiating a process to evaluate the existing evidence for potential newborn screening conditions. In this way, we have created a straightforward process and uniform product that efficiently outlines the status of evidence for a given condition as it relates to the WA criteria. This product can then be utilized by the internal review committee to guide their initial evaluations of a condition and help them prepare for an advisory committee review. At the completion of the project, it was our observation that gaps in evidence or ambiguous data that were identified through this process may direct conversations to the most worthwhile discussion points. This document is also useful in that it is easily modified as new evidence becomes available or as state criteria change. We hope that this project may inspire other states to take a look at how they consider potential nbs conditions in the early phases of evaluation and create your own processes or collaborations to guide programs in evaluating potential conditions.
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For additional questions regarding this project or to receive copies of these summary documents, please contact Megan at the email or phone number listed here. We also hope that if you ever find yourself in Washington State, that you will stop by our newborn screening lab in shoreline for a tour!
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