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1. Introduction 

Therapeutic drug monitoring (TDM) is an area of clinical laboratory 
medicine that provides accurate, quantitative drug concentrations in 
patient samples [1]. These samples are typically collected in whole 
blood, serum or plasma and drawn immediately before the next drug 
dose (trough), and their quantitative result is used by pharmacists and 
other medical personnel to adjust the following dose of the drug [1]. 
TDM is particularly important for drugs with narrow therapeutic win
dows, unusual pharmacokinetics, or patient-to-patient variability in 
metabolism or protein binding [2]. Immunosuppressant drugs (ISDs), 
antiepileptic drugs (AEDs), antimicrobials, antidepressants, antipsy
chotics, antiarrhythmics, and antihypertensive drugs are all drug classes 
where TDM is routinely employed [3]. In the United States, 2.5–3 % of 
Americans are estimated to be prescribed ISDs [4,5], and over 1 % of 
Americans are estimated to have epilepsy [6], with the vast majority 
being treated with AEDs [7]. Published protocols for evaluating efficacy 
and safety of ISD and AED therapies include routine TDM, the analytical 
results of which are produced by complex assays in clinical laboratories 
[8]. 

Although the Food and Drug Administration (FDA) has cleared im
munoassays for some specific TDM targets, Liquid Chromatography- 
Mass Spectrometry (LCMS)-based assays have provided foundational 
support for the quantitation of many of the clinically necessary TDMs 
and are considered the reference method for patient testing [9]. A 
PubMed search of “Therapeutic Drug Monitoring Mass Spectrometry” in 
October 2022 yielded 7,056 publications within the past 10 years. 
Currently, there is only one LCMS-based TDM assay that has ever been 
FDA cleared; it was only cleared to quantify tacrolimus. This makes the 
vast majority of current LCMS-based TDM assays in the United States 
laboratory-developed tests (LDTs). The clinical utility of LCMS-based 
LDTs, particularly those supporting TDM, is met by providing high 
sensitivity and high specificity [9], while also allowing creators to adjust 
assay parameters to meet their unique patient populations’ needs [10]. 
An example of this flexibility is how the creators of one LCMS-based 

tacrolimus quantitation LDT validated a new calibration protocol that 
enabled patient samples to be extracted without needing a full calibrator 
set extracted concurrently [11]. This strategy improved turn-around 
times (TAT) for single patient testing compared to waiting for an 
entire calibration curve to be acquired and evaluated first [11]. Other 
examples of improved clinical utility based on the flexibility of LDTs 
include: (1) Rapidly validating a new or different collection device or 
tube type when supply chain issues cause delays in shipping, (2) 
Extending the analytical measurement range (AMR) of a pre-existing 
clinical assay to capture more elevated results without needing to 
perform additional dilutions, and (3) Developing and validating new 
drug targets on an existing LCMS method to improve test menu options 
and patient access to testing. 

LDTs are currently managed under the regulatory umbrella of CLIA; 
however, the updated 2022 Verifying Accurate Leading-Edge IVCT 
Development (VALID) Act proposal submitted to Congress in its current 
form pushes for FDA regulation of LDTs in all clinical laboratories 
[12,13]. If passed, these changes would alter the regulatory landscape of 
LDTs and potentially have significant impacts on patient care and access 
to important laboratory testing. This analytical overview will review the 
current regulatory landscape, discuss the proposed changes, and 
consider how they may directly impact patient care in the United States. 

2. Regulatory background 

Understanding the origins of the VALID Act, and its potential im
pacts, necessitates a brief overview of the current regulatory landscape. 
Through the Clinical Laboratory Improvement Act of 1988 (CLIA), the 
Centers for Medicare and Medicaid Services (CMS) regulates human 
clinical laboratory testing in the United States [12]. This regulation is 
organized by the complexity of the testing performed, and in order for 
laboratories to develop LDTs or make changes to any FDA-cleared as
says, they must be classified as high complexity laboratories. The FDA 
provides oversight for commercial in vitro diagnostics (IVDs), but 
oversight for LDTs is unclear. Although all LDTs are considered IVDs, the 
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FDA has historically deferred to CMS to regulate them through CLIA. 
Through CLIA, or organizations such as the College of American Pa
thologists (CAP) or the Joint Commission (TJC), LDTs are regulated 
based on analytical performance through validation requirements that 
must be provided upon inspection [12]. 

Two main gaps of concern in this regulatory structure have been 
raised by the FDA:  

1. These laboratory inspections through CLIA, or CLIA accredited 
bodies, typically occur every-two years, which means new LDTs can 
begin to be offered for patient testing before they are reviewed 
during inspection [13].  

2. Clinical validation claims that an individual laboratory produces to 
diagnose disease are typically not part of the CLIA regulatory scope 
for evaluation [13]. 

In 2018, an initial draft of the VALID Act was created to address the 
FDA’s concerns [14]. Since its introduction to congress in 2020, the 
VALID Act has been revised multiple times and as of February 1, 2023, 
has yet to be passed in any form. Some key components of the VALID Act 
that would directly affect clinical laboratories that manage or create 
LDTs include:  

1. Language to grandfather current LDTs already created and on the 
market prior to the VALID Act enactment [14].  

2. Proposed infrastructure to create a third-party review program 
which would manage the many thousands of LDTs on the market 
[14]. This infrastructure is proposed because the FDA, in its current 
state, would not have the resources to oversee LDTs on their own. 

3. A certification program proposal, allowing certain clinical labora
tories to market specific LDTs without a full submission to the FDA 
[14]. 

4. An undefined time allowance for clinical laboratories to fully tran
sition to this new regulatory framework [14]. 

3. Current perspectives 

This new framework proposed in the VALID Act has a spectrum of 
perspectives ranging from full support of the VALID Act to full rejection 
of the entire proposal [15]. 

Some specific points in favor of the passing of the VALID Act in the 
context of LCMS-based LDTs for TDM include:  

1. Aid in the standardization and harmonization of LDT clinical assays 

Standardization and harmonization of clinical assays has become an 
important objective of many clinical laboratories and laboratory orga
nizations. The prospect of improving these metrics through the passing 
of the VALID Act is welcomed by the community.  

2. Aid in improving patient safety and reducing patient harm 

Proponents of the VALID Act argue that this framework improves 
patient safety and harm reduction by standardizing all IVDs under one 
regulatory body. The lobbying organization AdvaMedDx, which repre
sents IVD manufacturers, strongly supports LDT regulation under the 
FDA. They argue that FDA review of LDTs would directly improve pa
tient safety and test effectiveness [15]. Some focus has been placed on 
Noninvasive Prenatal Testing (NIPT) and Direct-to-consumer genetic 
testing LDTs and the concerning variability of results that these LDTs 
produced from different manufacturers [16]. The concern is that this 
variability could have devastating consequences to patients making 
decisions on potentially inaccurate or inconsistent results [16]. Specif
ically, the following concerns were discussed based on the current use of 
LDTs without FDA oversight: 

3. Patients experiencing negative health effects from receiving unnec
essary or inappropriate treatments [16].  

4. Patients experiencing missed treatments or delay in receiving proper 
medical care as a result of unregulated LDT results [16].  

5. Emotional burden experienced by a patient being wrongly diagnosed 
using an unregulated LDT [16].  

6. Unnecessary confirmatory diagnostic procedures that may be painful 
or invasive to the patient based on an initial incorrect LDT result 
[16].  

7. Support from large regulatory and accreditation bodies like the CAP 

In their position statement, the CAP outlines support for passing of 
the VALID Act. Specifically, the CAP strongly supports the use of the 
proposed risk classification framework for LDTs in the VALID Act, which 
would address some of the concerns of patient safety and harm. The CAP 
also supports the grandfather provisions to help protect current LDTs on 
the market [17]. 

Within many clinical communities, the proposed VALID Act is 
believed to be deeply flawed in its current form and concerning for the 
future of patient access to important clinical testing [18,19]. A letter to 
leaders of congress was drafted in July 2022 and signed by over 125 
academic universities, health systems and professional health organi
zations, including AACC, ACLPS, AAMC, AMP and MSACL, who opposed 
the VALID Act as written. In the letter, specific concerns were outlined 
[20]:  

1. Decreasing innovation and limiting patient access to healthcare. 

Based on language in the current VALID Act of 2022, the process for 
approving new LDTs in a rapid and efficient manner appears cumber
some and onerous. The direct impact to patient care would materialize 
as slower patient access to important clinical testing. The way that the 
VALID Act is structured, clinical laboratories wishing to offer LDTs 
would be required to submit annual user fees. These user fees may force 
many laboratories, especially smaller laboratories, to reduce their 
testing menu or eliminate their LDTs entirely, decreasing access to 
localized patient care. These cumbersome processes coupled with a new 
added cost to create LDTs may ultimately decrease the exploration of 
new and innovative testing that would have otherwise been imple
mented. These changes will almost invariably decrease the number of 
LCMS-based TDM assays offered to patients, which, at best, will increase 
TAT for TDM results and at worst prevent patients from being tested as 
recommended by published clinical guidelines [21].  

2. Duplicative processes that are already covered in the current CLIA. 

Some of the proposals in the VALID Act, such as updated quality 
systems, adverse event reporting, and laboratory inspections are highly 
duplicative to what clinical laboratories are required to comply with 
under CLIA. The language in the VALID Act [14] outlining these changes 
is also vague on how to de-convolute these duplicative processes, and 
which regulatory body would ultimately be responsible for enforcement. 
These discrepancies highlight a likely cumbersome set of regulatory 
requirements that, ultimately, will bottleneck the creation of innovative 
and important TDM LDTs for patient care.  

3. Lack of clarity in the proposed risk categorizations, definitions, and 
eligibility criteria for technical certification programs. 

The VALID Act attempts to define high, moderate, and low risk 
categories of LDTs. Based on the risk, different sets of regulatory re
quirements and standards may be applied to each category. These risk 
categories, however, remain vague and unclear, making it difficult for 
laboratorians to understand the requirements that would further 
compromise the continuity of patient care. Although the FDA has 
commented specifically that LCMS-based LDTs would likely be in the 
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low-risk classification, LCMS-based TDM assays are still undefined based 
on language in the VALID Act [14]. The criteria for the proposed tech
nical certification program also remain unclear in terms of which types 
of tests are eligible for authorization, including LCMS-based testing.  

4. Clinical LDT Creators, are not eligible to participate in the proposed 
accreditation process. 

The VALID Act specifically clarifies that clinical laboratorians who 
create LDTs are not allowed to become or act as third-party reviewers of 
new LDTs. This approach is markedly different from those of many 
accredited bodies under CLIA, such as CAP, which encourage peer- 
review inspections by fellow clinical laboratorians to be part of the in
spection process. If an inspection program were to be implemented, 
clinical laboratorians would be the most qualified to evaluate and 
determine the validity of new LDTs, as they are the subject matter ex
perts [21]. This is especially important when focusing on LCMS-based 
assays. LCMS testing requires significant scientific and clinical training 
to understand the complexities and nuances of assay development, 
validation and implementation, which only highly specialized labo
ratorians understand [22]. 

4. Discussion 

Reviewing the currently available devices on the FDA website of 
common ISD and AED assays, there is concerning evidence that devel
opment, innovation, and use of LCMS-based TDM assays would be stifled 
if the VALID Act were to pass in its current form. Although at least one 
FDA-cleared device is available for each of the common ISDs, tacrolimus 
is the only ISD which has an LCMS-based method that has been FDA- 
cleared [23]. This extremely low number of FDA-cleared LCMS-based 
TDM assays is not surprising, as reimbursement for clinical testing 
continues to decrease, thereby lowering the manufacturer’s margin of 
profit to sell FDA-cleared LCMS assays. This situation will be even more 
extreme if these same barriers were applied to all clinical laboratories. 
Although current language in the VALID Act proposal suggests that 
previously created LDTs would be grandfathered in, the greatest risk 
would be for laboratories attempting to develop and offer new LDTs, 
potentially causing a significant decrease in available TDM testing. 
Furthermore, many specific TDM targets have only one single FDA- 
approved immunoassay available. This is true for AED targets such as 
Lacosamide, Gabapentin, Topiramate, and Oxcarbazepine metabolite, 
all of which are FDA approved by ARK Diagnostics. Because Ark Di
agnostics only produces the calibrators and QC in an FDA-approved kit, 
the assays themselves must be validated on a third-party analyzer 
[24–27]. Based on the vague language in the VALID Act, FDA-cleared 
assay kits placed on third-party analyzers may be considered labora
tory developed, thereby subjecting entire assay options available to 
clinical laboratories to transform into LDTs [14]. 

Reviewing many of the FDA 510 K submissions provides even more 
striking evidence of the flaws in the VALID Act. When providing method 
comparison data to prove an immunoassay functions with high accu
racy, the predicate assay is usually an LCMS-based LDT [24–26]. This 
implies that although LCMS assays can be used as a reference method to 
FDA approve a new immunoassay, the LCMS assay itself remains an LDT, 
a conundrum which has yet to be addressed by the FDA. Additionally, 
FDA-cleared immunoassays for TDM have also been known to have 
analytical flaws which may translate into inaccurate clinical in
terpretations. When compared with LCMS, patient results for tacrolimus 
tended to be positively biased (up to 40 %), indicating potential active or 
inactive tacrolimus metabolites cross-reacting in the immunoassay [28]. 
Because of direct mass detection along with multiple quality measures, 
LCMS is far less prone to interference from structurally similar metab
olites, reinforcing why LDT LCMS-based assays are the reference method 
for testing and essential for precision medicine [22,28,29]. 

5. Conclusion 

If the VALID Act were to pass in its current form, it may take many 
months, if not years, for clinical laboratories to experience any changes 
to their LDT menus. However, the most obvious effects that clinical 
laboratories would likely experience following the passing of the VALID 
Act include:  

1. Implementation of user fees that laboratories would be required to 
pay to support FDA oversight.  

2. Existing LDTs will likely be grandfathered in and not subject to the 
new regulatory oversight; however, any new LDTs would be sub
jected to the new regulatory landscape.  

3. LCMS-based LDTs are still considered foundational for supporting 
ISD and AED testing, so they will continue to exist after the VALID 
Act is passed. It is unclear, however, what extent the new regulations 
will impose on clinical laboratories that are attempting to create and 
implement new LCMS-based LDTs for ISD and AED testing. 

FDA-cleared assays are essential for clinical laboratory testing, and 
the passing of the VALID Act may help to standardize LDTs and reduce 
patient harm. However, patient populations may be at risk of experi
encing diminished access to critical laboratory testing if the VALID Act is 
passed as currently written. LCMS-based LDTs provide much-needed 
flexibility to safely adjust analytical parameters to meet the needs of 
highly specialized and delicate patient populations for fast and accurate 
TDM [22]. As the healthcare model continues to shift towards providing 
quality care through personalized medicine [29,30], passing the VALID 
Act in its current form would be a step backward. The language of the 
VALID Act needs to be clarified and revised to maximize patient safety 
while maintaining patient access to critically important TDM that LDTs 
have successfully and effectively contributed to improving patient out
comes for years. 
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