Laboratory Medicine and Comparative Effectiveness Research

Prepared for: American Clinical Laboratory Association and
Advanced Medical Technology Association (AdvaMed)

Clifford Goodman, PhD, and Laura Peterson
The Lewin Group Center for Comparative Effectiveness Research

January 2010





































































Laboratory Medicine and Comparative Effectiveness Research

variation necessitates enrolling larger numbers of patients in the RCT to discern any true
difference in patient outcomes with sufficient statistical confidence. Indeed, the independent
contribution of the test to patient outcomes may be small compared to the variation in patient
response to a therapy, thereby requiring larger sample sizes (and greater costs) to discern any
differential impact of the test itself on outcomes.

The need for an RCT is diminished when the therapeutic decision based on accurate test
information is well established and when there is strong evidence pertaining to the impact of
the therapy on patient outcomes or on a validated surrogate outcome.%> As such, the impact of
a test can be assessed in separate studies providing evidence in support of analytical validity,
analytical utility, and clinical utility. For analytical validity, this may involve a cross-sectional
study in a representative patient population in which all patients receive both the subject test
and gold standard comparator test (in random order) and the sensitivity and specificity of the
subject test are assessed versus the gold standard comparator.¢ Separate evidence from
epidemiological or other observational studies may be used to determine clinical validity, i.e.,
whether the test analyte predicts or is associated with the disease or disorder of interest.
Whether the test result has an impact on patient management and outcomes, i.e., clinical utility,
may be addressed using separate evidence or other analyses. This might involve decision
analysis based on available evidence pertaining to clinician decision-making and other evidence
(especially from RCTs) of the impact of the relevant therapies on patient outcomes.*”

D. Selecting Study Designs and Data Sources to Fit the Evidence Question

The appropriate study design for assessing the effectiveness of a laboratory test depends on the
evidence question. For example, if the evidence question concerns the impact of a new test on
patient outcomes (e.g., survival, morbidity, quality of life), then the best study design may be an
RCT that randomizes patients to the new test and to a comparator test (which may be a gold
standard) and follows patients through their respective courses of treatment or other management
to their outcomes. If a particular biomarker is validated as a surrogate outcome for a health
outcome of interest, then it may only be necessary to follow patients to those surrogate outcomes. If
available evidence demonstrates that treatment and other management of patients who are
accurately identified by a test achieve improved outcomes, it may be inferred indirectly that use of
that test in that at-risk patient population can contribute to improved outcomes.

If the evidence question concerns the accuracy of a new test, then it is not necessary to follow
patients to their health outcomes. Rather, the best study design for this question may be a

65 Valk PE. Do we need randomised trials to evaluate diagnostic procedures? Against. Eur ] Nucl Med Mol Imaging
2004;31(1):132-5.

66 For some tests, there is no gold standard. A reference standard may not be available or validated for all types of patients,
an existing one may be imperfect, or there may be no accepted reference standard. In these instances, it may be possible to
impute or adjust for missing data on an existing reference standard, correct an imperfect reference standard, construct a
reference standard from multiple existing tests, or validate index test results with respect to future clinical events or other
clinical characteristics. See, e.g., Rutjes AWS, Reitsma JB, Coomarasamy A, et al. Evaluation of diagnostic tests when there
is no gold standard. A review of methods. Health Technol Assess 2007;11(50).

67 A framework for evaluating tests can be modeled on hypothetical long-term RCTs of testing and treatment strategies to
guide the selection and interpretation of available evidence, or new evidence as necessary, to assess the indirect impact of
testing on outcomes. The evidence required may vary according to whether a new test will be used as a replacement, add-
on, or triage test, and its intended benefits. See: Lord SJ, Irwig L, Bossuyt PM. Using the principles of randomized
controlled trial design to guide test evaluation. Med Decis Making 2009;29(5):E1-E12.
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prospective cross-sectional study that compares sensitivity and specificity and positive and
negative predictive values of the new test to that of an acknowledged gold standard in a
spectrum of patients at risk for the disease or condition in question.

The method for assessing prognosis of a disease or condition may be a patient cohort study of
people with the condition with follow-up at uniform time intervals in the clinical course of the
condition. Case control studies can be used to identify risk factors for a condition. As noted
above, registries and surveillance studies can be used to monitor patient populations for the
incidence of serious or rare adverse effects that may not arise in RCTs that are too small,
insufficiently representative of target patient populations, or too short in duration to detect such
adverse effects. Although observational studies and clinical trials that are not randomized tend
to be less rigorous than RCTs, well-designed studies of these types can provide evidence that is

sufficiently strong for making clinical and policy decisions.®8 ¢

Recent and evolving evidence hierarchies and standards pertaining to testing increasingly are
reflecting the need to fit the evidence requirement to the question. For example, as shown in
Figure 2, EGAPP recognizes different levels of evidence derived from various study designs
and data sources for each of analytic validity, clinical validity, and clinical utility.

Figure 2. EGAPP Hierarchies of Data Sources and Study Designs for Components of Evaluation

Analytic Validity

Collaborative study using a large panel of

Clinical Validity
Well-designed longitudinal cohort

Clinical Utility
Meta-analysis of RCTs

(highest) | well-characterized samples studies
Summary data from well-designed Validated clinical decision rule
external proficiency testing schemes or
interlaboratory comparison programs
2 Other data from proficiency testing Well-designed case-control studies A single RCT
schemes
‘Well-designed peer-reviewed studies
(e.g., method comparisons, validation
studies)
Expert panel reviewed FDA summaries
3 Less well designed peer-reviewed studies Lower guality case-control and Controlled trial without
cross sectional studies randomization
Unvalidated clinical decision rule Cohort or case-control study
4 Unpublished and/or non-peer-reviewed Case series Case series

research, clinical laboratory, or
manufacturer data

Studies on performance of the same basic
methodology, but used to test for a
different target

Unpublished and/or non-peer-
reviewed research, clinical
laboratory, or manufacturer data

Consensus guidelines
Expert opinion

Unpublished and/or peer-
reviewed studies

Clinical laboratory or
manufacturer data
Consensus guidelines
Expert opinion

Source: Teutsch SM, Bradley LA, Palomaki GE, et al. The Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) initiative : methods of the EGAPP Working Group. Genet Med 2009;11(1):3-14.

68 Sawaya 2007.
6 Furberg BD, Furberg CD. What are the strengths of observational studies? In: Evaluating clinical research. New
York: Springer, 2007.
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E. Strengthening the Contribution of Laboratory Testing Data to CER

As described above, administrative and clinical data from laboratory testing have significant
potential to contribute to CER. Laboratory results provide objective, scientific, patient-specific
data for accurate diagnosis, treatment, and management of disease. Laboratory data enable risk-
stratification of populations to identify patients at different levels of risk for case management and
disease management interventions. They provide the ability to track and improve clinical
outcomes that can translate into cost savings through avoided hospital admissions, fewer adverse
events, and a reduction in morbidity related to chronic illnesses.” Laboratory data also support
assessments that link clinical interventions to evidence-based guidelines.

Although claims data analyses have a prominent role in CER, there are limitations in the
presence and consistency of laboratory data in claims data. Claims usually have data on
diagnoses, treatments (medical and surgical procedures, drugs, device implants, etc.), and
certain types of events and outcomes. However, claims data typically lack detailed information
on laboratory test results and other clinical variables such as lifestyle factors and other
physiological measures. As noted above, analyses that can link claims data, registries, and
other data sources will be a key element of CER. The ability to do so depends on patient
identifiers that enable matching data across these sources. However, as noted in the IOM
priorities report, linking of laboratory data this way presents greater challenges:

“Patient identifiers in pharmaceutical dispensing, hospital discharges, and diagnosis and procedure
codes are standardized across most systems. However, information from laboratory results,
enrollment, and utilization data usually require significant harmonization of patient identifiers to
link the information from multiple sources into an analyzable, single patient record.””!

Greater standardization in EHR systems and expansion of integrated health information
networks will contribute to more consistent and reliable use of laboratory data for CER.

Evidence requirements and grading approaches that are applied to laboratory testing are
gradually changing and are being affected by trends in generation of primary data and analyses
of observational data. While RCTs will remain the preferred study design for generating direct
evidence of causal effects of interventions on patient outcomes, strengthening of other study
designs and emergence of others are helping to supplement and, in some instances, substitute
for RCTs. Included are evolving variations in traditional clinical trial designs (e.g., practical
clinical trials and adaptive and Bayesian trial designs) and “mining” and other analyses of
clinical data sources (e.g., electronic medical records, patient registries) to evaluate populations,
interventions, and outcomes. New methods also may involve studies by clinical laboratories
that can link de-identified patient samples gathered for testing purposes to patient outcomes.
New methods and tools for developing and evaluating evidence are necessary to adequately
address the effectiveness of interventions on risks, the changing disease patterns of
comorbidities, and heterogeneity of treatment effects based on individuals” genetic variations.”

70 Mennemeyer 2000.

71 1IOM 2009.

72 Institute of Medicine Roundtable on Evidence-based Medicine. The Learning Health System. Washington, DC: The
National Academies, 2004.
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The importance of the contribution of laboratory medicine to CER has been highlighted with
the increased focus on gene-based laboratory testing. AHRQ has recognized that “data are
needed for public health surveillance of the utilization of gene-based tests to be able to monitor
trends in use, appropriateness of use, and potential disparities in utilization.” AHRQ
commissioned one of its Evidence-based Practice Centers to assess existing databases in the U.S.
to monitor utilization and outcomes of gene-based applications. AHRQ found limited
information on the use of gene-based tests over time, the extent to which patients and families
are aware of these tests and their benefits and harms, and longitudinal evidence on the impact
of these tests on clinical decisions and patient outcomes (Box 8). Inadequate information on
gene-based tests will limit the ability to demonstrate the value of these tests to clinicians,
patients, and payers, especially to the extent that these decision-makers seek information about
clinical utility of these tests. AHRQ'’s recommendations include improving coding of gene-
based tests, adopting standards for collecting and storing genetic testing data from laboratories,
and other data collection on the availability and adequacy of services related to genetic testing.
Clearly, there is an opportunity for the laboratory medicine sector to make contributions to the
national capacity for CER and to increase its role in CER priority setting, study design, and
conduct of studies by leveraging an improved infrastructure for laboratory data.

Box 8
Infrastructure to Monitor Utilization and Outcomes of Gene-Based Applications

Findings:
®  Only limited, sporadic information is available on the utilization of gene-based tests over time.

®  Some research and surveys suggest that knowledge on the part of some providers about the availability and
utility of tests may be reasonably widespread and accurate.

® Little or nothing is known about the extent to which patients and their families are aware of tests and
knowledgeable about their benefits and harms.

®  There are few longitudinal data to indicate the benefits and risks of using genetic tests to guide interventions and
medical decisions, such as in the selection of therapies, and their short- or long-term outcomes.

Recommendations:

" |mprove the coding of gene-based tests in many of the relevant databases so that the test types, reason for
test, and test results can be readily determined.

= Develop or adopt standards for the proper collection and storage of data from genetic testing laboratories
for archiving the tests performed and facilitating interoperability between databases.

®  Explore the possibility of adding questions to ongoing surveys or developing new surveys to monitor the
availability of genetic testing centers, adequate counseling, and barriers to accessing counseling services.

®  Consider establishing survey of genetic testing laboratories similar to National Ambulatory Medical Care
Survey for medical clinics and the National Hospital Discharge Survey for hospitals

" Develop pilot studies for a small set of diseases and tests.
Source: DeStefano F, Whitehead N, Lux LJ, Lohr KN. Infrastructure to Monitor Utilization and Outcomes of

Gene-Based Applications: an Assessment. (Prepared by RTI International DEcIDE Center, Contract No.
HSA2902200500361.) AHRQ Publication No. 08-EHCO12. Rockville, MD: AHRQ. May 2008.
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F. Accounting for Personalized Medicine

The increasing prominence of personalized medicine (PM) presents important considerations
for CER of laboratory testing. Among the various definitions of PM is the following;:

“Personalized medicine” refers to the tailoring of medical treatment to the individual characteristics
of each patient. It does not literally mean the creation of drugs or medical devices that are unique to a
patient but rather the ability to classify individuals into subpopulations that differ in their
susceptibility to a particular disease or their response to a specific treatment. Preventive or
therapeutic interventions can then be concentrated on those who will benefit, sparing expense and
side effects for those who will not. — President’s Council of Advisors on Science and Technology’3

The ability to deliver PM depends in large part on laboratory testing, particularly genetic and
genomic testing, to distinguish such patient traits as ability to metabolize certain medications.
Examples include genetic/genomic testing for: tamoxifen therapy for early stage breast cancer,
selective serotonin-reuptake inhibitors (SSRI) treatment for adult depression, warfarin
anticoagulation response, and epidermal growth factor receptor (EGFR) inhibitor (e.g.,
cetuximab and panitumumab) treatment for metastatic colorectal cancer. The information from
test results is incorporated into the tailoring of medical treatments to patients” individual
characteristics and other aspects of their care.

Although the purpose of CER is to determine which health care intervention works best for a
given health care problem, the purpose of PM is to ensure that health care delivers “the right
treatment to the right patient at the right time.” Like most other forms of evaluation of health
care interventions, CER is usually oriented toward evaluating the impact of therapies and other
interventions across study populations, while PM focuses on using individuals” genomic
information and other personal traits to inform decisions about their health care. This
distinction has implications for applying CER findings to PM. Interventions that have a
statistically significant treatment effect across a population on average do not necessarily work
for all treated patients; they may be ineffective for some patients and harmful for others.
Interventions that do not have a statistically significant treatment effect across a study
population—and that may be dismissed as ineffective—may work for certain subgroups.

For CER to contribute to PM, it must account for individual patient and subgroup differences
that influence the impact of interventions on health outcomes. These characteristics can include
severity of disease, comorbidities and risk factors, genetic characteristics, sociodemographic
characteristics, health-related behaviors, environmental factors, and more. The variable impacts
on patient outcomes, including health benefits and harmful side effects that can arise from these
different characteristics, are sometimes known as “heterogeneity of treatment effects” (HTEs).

CER must draw from its broad methods portfolio to address the needs of PM. Different
methods may be required, for example, to assess short- and long-term comparative
effectiveness of alternative therapies, identify subgroups with variable treatment responses,
identify short-term as well as rare or delayed adverse effects, and compare alternative tests for
accuracy and ultimate impact on health outcomes. Of key relevance to PM is the extent to
which one or a combination of these methods can generate clinically and statistically significant

73 President’s Council of Advisors on Science and Technology. Priorities for Personalized Medicine. September 2008.
Accessed August 15, 2009. http:/ / www.ostp.gov/ galleries/PCAST/ pcast_report_v2.pdf.
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findings at sufficiently discrete levels to inform decisions about using interventions whose
outcomes are sensitive to individual differences. Certainly, the need for subgroup-specific CER
findings varies for different health care problems and interventions. The strengths and
limitations of CER findings and other evidence, including whether it accounts for HTEs as
opposed to an average effect across a population, must be accurately reflected in product
labeling, guidelines, payment policies, utilization management, and other gatekeeping policies.

There are encouraging signs for the recognition of PM in CER. The IOM and FCCCER priority
setting reports, as well as pending health reform legislation, emphasize the need for subgroup
analyses. In describing the purpose of CER, the IOM includes “improve health care at both the
individual and population level” and “describing results at the subgroup level.”7# The FCCCER
definition states that CER “must assess a comprehensive array of health-related outcomes for
diverse patient populations and subgroups.””> Recognizing the importance of documenting the
extent to which CER accounts for PM and identifying ways to further this capacity, AHRQ is
sponsoring an analysis of how well comparative effectiveness studies conducted by CER
agencies in the U.S. and abroad have accounted for HTEs.70

VI. Main Implications for the Laboratory Testing Sector

The increased focus on CER in the U.S. and related global developments have significant
implications for the laboratory testing sector, including makers of laboratory test kits and systems
regulated by FDA and clinical laboratories providing laboratory testing subject to CLIA.

CER evidence expectations pertaining to head-to-head comparisons, routine practice settings,
diverse patient groups, and health outcome measures are augmenting, and may modify,
existing evidence requirements for regulation, reimbursement, and quality assessment of
laboratory testing. Evidence requirements are generally increasing, although there are some
flexibility and diversity of approaches. In particular, it is difficult to demonstrate causal
connections between laboratory tests and health outcomes. Innovators and makers of
laboratory tests should anticipate evidence requirements of gatekeepers and other decision-
makers throughout technology lifecycle. Who will want what evidence when?

In developing and validating new tests, innovators should plan how to demonstrate to relevant
decision-makers the impact of tests, including their comparative effectiveness on patient
outcomes, where appropriate. This may entail determining the feasibility and value of
demonstrating impact using one or more approaches. One may be indirectly, through chains of
existing or new evidence from a test to a therapeutic decision or to surrogate outcomes or to
patient outcomes. Another approach may be to generate new evidence that establishes a direct
link between a test and patient outcomes. Various types of modeling may be used to simulate
these determinations. Whether in the U.S. or abroad, the approach to demonstrating value may

74 TOM 2009.

75 FCCCER 2009.

76 For more about CER and PM, see: Lewin Group Center for Comparative Effectiveness Research. Comparative
Effectiveness Research and Personalized Medicine: From Contradiction to Synergy. Prepared for the Personalized
Medicine Coalition, October 2009; Garber AM, Tunis SR. Does comparative-effectiveness research threaten
personalized medicine? N Engl ] Med 2009;360(19):1925-7; Khoury M]J, Rich EC, Randhawa G, et al. Comparative
effectiveness research and genomic medicine: an evolving partnership for 21st century medicine. Genet Med
2009;11(10):707-11.
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be informed by preliminary communications with such groups as health professional
organizations, regulatory agencies, government and private payers, health technology
assessment organizations, or other entities. Demonstrating one or more of analytic validity,
clinical validity, or clinical validity will call for particular data sources and study designs, and
related resource requirements.

Drawing upon its considerable scientific and technical expertise, experience, and perspectives,
the laboratory medicine sector can make important contributions to CER. This sector should
continue to monitor and participate in developments pertaining to building national CER
capacity and the conduct of CER. This includes matters of CER priority setting, study design,
and data sources, as well as the transparency and accountability of the conduct, reporting, and
use of the findings of CER. Given the special scientific, medical, and public emphasis on the
emerging field of PM, it will be especially important to ensure that CER study design and data
collection account for HTEs.

The laboratory medicine sector should carefully consider, anticipate, and act upon the
opportunities and risks that CER poses to innovation. CER is influencing innovation, posing
opportunities for development of some new tests and diminishing prospects for others that are
less likely to fare well in a market informed by head-to-head comparisons. With that emphasis
on head-to-head comparisons as well as impact on patient outcomes and utility in usual or
routine practice settings, CER can help to orient innovation toward greater value. Technologies
that achieve prevailing evidence requirements and demonstrate superior effectiveness or
comparable effectiveness at lower cost will gain market advantages. Federal funding and other
support for CER and related analytical tools and methods, databases, and training will augment
and complement industry R&D and could reduce development costs of some tests, including
those used in PM. As is occurring in the global pharmaceutical and biotechnology sectors, the
laboratory testing sector should incorporate these considerations into strategies for R&D.

VII. Key Findings and Conclusions

Owerarching conclusion:

CER presents distinct challenges and opportunities to laboratory medicine, which has multiple integral
roles in the national CER agenda. CER of laboratory testing requires informed selection of study designs,
outcome measures, and other research characteristics that are suitable for assessing the typically indirect,
though often substantial, contribution of laboratory testing to patient health.

1. Laboratory testing has multiple roles in CER, including as:

e An indicator of intermediate and long-term patient outcomes in CER focusing on
therapies and other interventions.

e The subject intervention in CER, e.g., in head-to-head comparisons involving alternative
laboratory tests or comparisons of a laboratory test to another type of test for a particular
health care condition, or as part of broader protocols (e.g., involving alternative sets of
tests and therapies) being compared for managing particular health risks or diseases.

2. CER evidence expectations for head-to-head comparisons, routine practice settings, diverse
patient groups, and health outcome measures are adding to, and may otherwise modify,
existing evidence requirements for regulation and reimbursement of laboratory testing.
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The currently available evidence base for most laboratory tests generally does not extend to
the types of evidence sought for CER. Evidence presented to FDA for meeting applicable
requirements for market approval or clearance of laboratory tests, and provisions for quality
requirements for laboratory-developed tests subject to CLIA, typically do not address
comparative effectiveness or other attributes of CER, such as head-to-head comparisons
versus a standard of care provided to diverse patient populations under routine rather than
ideal conditions, and emphasizing the impact on patient outcomes rather than surrogate or
other intermediate measures.

In contrast to the typically direct relationship between a therapy and health outcomes such
as survival, morbidity, and quality of life, the relationship between a laboratory test and
health outcomes is usually indirect.

o It is essential to recognize this difference when planning and conducting CER, including
in setting priorities and selection of study design, outcome measures, and other aspects.

e Where validated surrogate outcomes exist, it may not be necessary to follow patients
long enough to detect differences in health outcomes.

Although an RCT is the most rigorous study design to use when the object of an
investigation is to establish whether a test has a direct impact on health outcomes, RCTs
should not be the default study design for CER of laboratory tests.

e Given the multiple intervening steps between accurate test results and improved health
outcomes, conducting RCTs on laboratory tests for direct evidence on patient outcomes
can be time-consuming, complex, costly, and, in certain instances, infeasible.

e The need for an RCT is diminished when the therapeutic decision based on accurate test
information is well established and when there is strong evidence pertaining to the
impact of the therapy on patient outcomes or on a validated surrogate outcome.

e  Whether the test result has an impact on patient management and outcomes might
involve decision analysis based on available evidence pertaining to clinician decision-
making and other evidence (especially from RCTs) of the impact of the relevant
therapies on patient outcomes.

New methods and analytical tools are emerging for demonstrating the comparative
effectiveness of laboratory testing. While RCTs remain the preferred study design for
establishing causal effects of interventions on patient outcomes, strengthening and
emergence of other study designs are helping to supplement and, in some instances, may
substitute for traditional RCTs. Included are variations in traditional clinical trial designs;
“data mining” of claims data, patient registries, and EHRs; retrospective studies of specimen
remnants; and analyses of linked data sets of laboratory data and patient outcomes.

CER of laboratory testing should draw on the full portfolio of evolving CER methods in
order to answer different types of evidence questions.

e Certain types of observational studies, particularly linked analyses of claims data,
patient registries, and de-identified EHR data, can provide useful evidence for clinical
validity and clinical utility of laboratory tests.
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10.

11.

e The prospect of linking administrative and clinical data from laboratory testing has
significant potential to contribute to CER. However, in contrast to other health care
services, far more effort is needed to harmonize patient identifiers to enable linking
information from laboratory results, enrollment, and utilization into a set of analyzable
patient records. Greater standardization in EHRs and expansion of integrated health
information networks will contribute to achieving this potential.

Innovation in gene-based laboratory testing, including in pharmacogenomic testing to
inform targeted use of drugs, is focusing greater attention on evidence requirements for
these tests. Currently inadequate information on many gene-based tests limits the ability to
demonstrate their value to clinicians, patients, and payers.

¢ Evidence needs, and corresponding study designs and data sources, will vary across these
tests for demonstrating analytic validity, clinical validity, and clinical utility.

e Improved coding of gene-based tests, adopting standards for collecting and storing
genetic testing data from laboratories, and other data collection on the availability and
adequacy of services for genetic testing are needed. Such improvements would improve
the contribution of the laboratory medicine sector to the national capacity for CER.

Few comparative effectiveness reviews focusing on laboratory tests have been conducted,
largely because CER priorities to date have included few laboratory tests and due to the lack
of primary studies of the comparative effectiveness of laboratory tests. Those that have been
completed to date by AHRQ and other organizations call attention to the need for more
evidence of the impact of testing on health outcomes and for more resources to monitor use
and impact of gene-based testing on health outcomes.

Laboratory testing has prominent roles in the national agenda for CER that provides
opportunities for broad demonstration of value in “real-world” health care.

e National CER priorities recommended by the IOM and FCCCER, along with large CER-
related grants of NIH, include those with laboratory testing as the subject technology
and many others for which laboratory testing would be integral to conducting the CER.

¢ Included among the IOM's top tier of recommended national CER priorities are
screening for methicillin resistant S. aureus (MRSA) and genetic and biomarker testing
for five major types of cancer and “possibly other clinical conditions.”

¢ Many laboratory tests have well-established clinical value, are not associated with high
clinical uncertainty, and are unlikely to be priority topics for CER.

Along with related evidence requirements of health care decision-makers, CER is
influencing innovation in laboratory testing. CER can steer innovation toward greater value;
technologies that achieve prevailing evidence requirements and demonstrate superior
effectiveness or comparable effectiveness at lower cost will gain market advantages.

e Federal funding and other support for CER and related methods, infrastructure, and
training could reduce development costs of some tests, including those used in PM.

e Asis so for the global pharmaceutical and biotechnology sectors, the laboratory testing
sector should incorporate these considerations into strategies for R&D.
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