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Editorial

Standardization and Advances in a Global Network! Looking for YOUR
Ideas!

Patricia Tille Ph.D MLS(ASCP) AHI (AMT) FASCs
IJBLS Editor in Chief

There are numerous workforce and educational challenges
worldwide when it comes to health care and in particular the
laboratory workforce. Various groups and organizations are
discussing how to standardize practice in order to improve
global health care. But can it be done? | challenge you to
consider the possibilities and if you have any insight, why not
write an article for the International Journal of Biomedical
Laboratory Science about your findings?

This edition of the journal provides an overview of peer review in laboratory science
education and how it can improve student outcomes. Critical thinking and new experiences
in how professionals are taught is important! Laboratory professionals are vital in many
areas including clinical practice, education and research as noted by Dr. Tveten, in her
editorial.

Also, in this issue you will see articles that highlight some of the technological advances that
are evident in the use of molecular diagnostics and the challenges associated with
standardizing common laboratory diagnostic tests. As laboratory medicine continues to
evolve, consider submitting a narrative review, or even an editorial on a new technique.

Sincerely, IJBLS Editor in Chief,
A D

N~ "

Patricia Tille Ph.D. MLS(ASCP) AHI(AMT) FACSc
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Editorial

Biomedical Laboratory Scientists in Cross Disciplinary Research

Ann-Kristin Tveten, Ph.D.

After graduation biomedical laboratory scientists have many
choices when it comes to employment. Biomedical
laboratory scientists (BLS) work in medical laboratories in
hospitals, in various specialty laboratories, and some choose

to continue with their education, or pursue research. While
most BLS work in medical laboratories, they are highly
attractive to other industries as well, like pharmaceutical
laboratories, quality control in food production and research. BLS
have many skills that are important to maintain high quality and reproducibility and include
training in microbiology, pathology and clinical chemistry enables them to contribute to
research and development in the perspective of “One health.”

The World Health Organization (WHO) has defined the term “One health” as “an integrated,
unifying approach to balance and optimize the health of people, animals and the
environment.” The goal is to raise awareness on how production of food and animal health
impacts the human population, especially within infectious diseases and biosafety in food
production. Biosafety in food production is highly regulated, and there is extensive on-going
research to ensure a high level of biosafety, but also to provide high quality food products
to consumers.

Among the various research and development projects we find projects that target novel
approaches to disinfection strategies to prevent infectious diseases and reduce the use of
antimicrobials in aquaculture and agriculture. The use of antimicrobials in aquaculture and
agriculture contribute to antimicrobial resistance among food borne pathogens. The “one
health” strategy is to reduce the use of antimicrobials in food production. The perspectives
from BLS staff in these research projects link medical microbiology and health perspectivse
with the knowledge from both veterinary medicine and industrial production, thus giving the
project outcome a broader audience.

As a BLS researcher, | contribute to one of these projects called “RAS health” - a project
that targets biosecurity in land-based aquaculture with the aim to improve water treatment
methods using ozone (03) and peracetic acid (PAA) and increase biosecurity by adopting
disinfection strategies that consider the disease vectors and reservoirs of pathogens. This
technology enables large-scale food production in an environment where biosafety can easily
be monitored.
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Norway is one of the largest producers of salmonid fish served in a global market. The use
of antibiotics in Norwegian aquaculture are very low, but the global aquaculture industry
consumes large quantities of antibiotics annually. New approaches to biosafety in food
production will help fulfill the United Nations (2015) sustainability goal 2; End hunger,
achieve food security and improved nutrition and promote sustainable agriculture.

The RAS health project is a cross-disciplinary research project and includes researchers from
the Norwegian Food Research Institute (NOFIMA), and the universities, Norwegian University
of Sciences and Technology, Norwegian University of Life Sciences and Danish Technical
University. Three perspectives are included: animal health, chemical analysis, and
microbiology. From the microbiology perspective both pathogen detection and microbiome
analysis are used to study the role of commensal microbiome in pathogen outbreaks and
understand how novel disinfection strategies affect microbiome resilience and pathogen
dynamics. This is crucial when the microbiome serves a critical function in maintaining water
quality and for the health and wellbeing of the animals. Biosafety and microbiome resilience
has been investigated in two different settings, one in a high technology production system
with modern sensor- and water disinfection systems. The other is aquaculture ponds, with
low technology solutions. This is much like aquaculture sites in developing countries, which
makes this study relevant to provide recommendation for biosafety strategies beyond high
technology solutions. This could provide a long-term solution, enable the reduction of
antimicrobials globally, and potentially provide solutions for safe food production on a small
scale.

From a biomedical laboratory scientist perspective, | highly recommend other BLS with
research interests to get involved in research projects that will put our BLS knowledge and
expertise into new contexts. It is both challenging and educational to participate in cross-
disciplinary research. Many topics that impact human health can benefit from the high
standards of BLS knowledge and BLS have many skills needed to achieve the goals of “One
health”.

Ann-Kristin Tveten Ph.D.

Associate professor

Department of Biological Sciences

Norwegian University of Science and Technology (NTNU), Aalesund.
Email: ann-kristin.tveten@ntnu.no
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Research article

Evaluation of Laboratory Test Ordering Practices for Patients Suspected
of anti-Glomerular Basement Membrane Disease

Clare Shea', Julie Soder', Juan U Rojo', Janet Enderle', Rajkumar Rajendran"

Department of Clinical Laboratory Sciences, University of Texas Medical Branch,
Galveston, Texas, USA'

Background: The objective of this study was to evaluate the laboratory test
ordering practices for patients suspected of anti-glomerular basement membrane
(anti-GBM) disease at an academic teaching hospital.

Methods: A retrospective cross-sectional study was conducted using data from EPIC
electronic medical records (EMR) system from January of 2013 to January of 2022
on patients suspected of anti-GBM disease. Data collected include patient
demographics, medical history, and laboratory test results. Patient data was
stratified and analyzed using SPSS statistical software version 28.

Results: From the total 110 patients analyzed in this study; 42.7% (n=47) patients
did not have an anti-GBM test ordered appropriately. Analysis of patient
demographics revealed most of the patients were female (54.5%, (n=60)) and white
(73.6%, (n=81)) non-Hispanic or Latino (69.1%, n=76)). Regarding type of anti-GBM
serology tests, in the appropriate group, 41.3% (n=26 out of 63) of patients had
both an enzyme-linked immunosorbent assay (ELISA) and indirect fluorescent
antibody (IFA) test performed, while the inappropriate group 57.4% (n=27 out of
47) of patients had only an ELISA test ordered. There was a significant difference
observed in serum creatinine (p= 0.003) and estimated glomerular filtration rate
(eGFR) (p=0.011) for patients who had an anti-GBM test ordered appropriately.

Conclusions: The opportunities for quality improvement identified in this study can
be used to implement a test ordering algorithm for anti-GBM to eliminate
unnecessary diagnostic procedures and reduce hospital costs to improve patient
outcomes.

Keywords: Anti-glomerular basement membrane (anti-GBM), ANCA (anti-neutrophil
cytoplasmic antibodies), autoimmune, serology, laboratory testing

Accepted: August 6, 2023
*Corresponding author: Rajkumar Rajendran. E-mail: rarajend@utmb.edu
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Introduction

Self-tolerance, which is the ability to
differentiate self from non-self, is one of the
most important characteristics of the immune
system. Loss of self-tolerance can lead to
autoimmune diseases which are characterized
by the production of autoantibodies that bind
to self-molecules leading to antigen-antibody
deposits, cellular destruction, and tissue
damage.! Anti-glomerular basement membr-
ane (anti-GBM) disease, also referred to as
Goodpasture syndrome, is an organ-specific
autoimmune disorder marked by the prod-
uction of autoantibodies against the glom-
erular and/or the alveolar basement
membrane.? Specifically, the autoantibodies
recognize and bind to the alpha-3 chain of type
IV collagen, which activates the complement
cascade and leads to tissue destruction.3
Although basement membranes are found
throughout the body, the basement mem-
branes of the kidneys and lungs are pre-
dominately affected due to the structure of
the alpha-3 collagen chains in the membranes
are more exposed to antibodies.? Anti-GBM
antibodies are not always associated with
disease and can be present in healthy
individuals. However, in patients with anti-
GBM disease, the antibodies are potent and
target two epitopes of type IV collagen leading
to tissue destruction.*

Disease Incidence

Anti-GBM disease is considered rare with an
incidence of 1-2 cases per million indi-
viduals.#> A genetic predisposition for this
disease is associated with human leukocyte
antigen (HLA) allele, HLA-DR15, which is a
common finding in other autoimmune diseases.
Most patients with anti-GBM disease present
with signs of progressive glomerulonephritis, in
which most of the glomeruli have crescentic
lesions.® Roughly, 40% to 60% of patients will
also present with lung hemorrhage, and a small
percentage will present with an isolated case
of pulmonary disease.” Progressive glomerulo-
nephritis in anti-GBM patients consists of renal

damage, proteinuria, and glomerular hematu-
ria. Lung hemorrhage or pulmonary disease
presents as dyspnea or hemoptysis.®

Diagnosis of Anti-GBM Disease

Anti-GBM disease is primarily diagnosed by the
detection of anti-GBM antibodies in serum or
tissue.” Kidney biopsy is needed to confirm the
diagnosis. However, biopsy is an invasive
procedure and may not be possible in patients
with severe cases of anti-GBM disease.3
Guidelines published by Rovin et al, for the
management of glomerular diseases conclude
that treatment can start before biopsy, but
biopsy confirms diagnosis.® In cases where
kidney biopsy is not feasible, serum detection
of anti-GBM antibodies is used. However,
serological tests can produce false results and
should only be ordered in patients with clinical
suspicion of autoimmune disease.'® Further-
more, due to difficulties in test result inter-
pretation and insufficient knowledge among
healthcare professionals regarding proper use
of serology laboratory tests, autoantibody
tests are often ordered unnecessarily."

The prognosis of patients diagnosed with
anti-GBM disease has improved over the last
few vyears. However, most patients have
limited renal survival and are dialysis
dependent.' Thus, early diagnosis and treat-
ment are essential for patients suspected of
disease to prevent renal failure and death in
severe cases.

Purpose of Study

The lack of studies evaluating the efficient use
of laboratory tests for patients suspected of
anti-GBM disease led to the hypothesis that
patients suspected of anti-GBM disease
undergo unnecessary laboratory testing during
the preliminary diagnostic process. In this
study, individuals suspected of anti-GBM
disease were defined as patients who
presented clinically with glomerulonephritis
and/or pulmonary hemorrhage. Laboratory
test results investigated include serum
albumin, creatinine, eGFR (estimated
glomerular filtration rate), hemoglobin, hema-
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tocrit, anti-GBM titer, antineutrophil cytoplas-
mic antibodies (ANCA), and urinalysis (urine
dipstick and urine microscopy). The predictors
of anti-GBM disease were identified using
patient demographics, medical history, and
laboratory test results. The objective of this
project was to evaluate the current practices
of test ordering for patients suspected of anti-
GBM disease. The results from the study can
aid in decreasing irrelevant testing, thus
reducing costs for both the patient and the
hospital.

Methods

This investigation consisted of a retrospective
cross-sectional study using patients’ EMR from
January 2013 to January 2022 at an 800-bed
academic teaching hospital. The study popu-
lation included patients who clinically prese-
nted with glomerulonephritis and/or pul-
monary hemorrhage suspected of having anti-

GBM disease. Glomerulonephritis was defined
by the International Classification of Diseases
(ICD)10 and ICD9 codes, NOO, NO1, NO2, NO3,
NO4, NO5, NO6, NO7, NO8, 580, 581, 582, 583,
584, 585, 586, 587, 588, 589. Pulmonary
hemorrhage was defined by the ICD10 and ICD9
codes, R04, 786.3, 786.0. Anti-GBM disease
was defined by ICD10 and ICD9 codes, M31.0
and 446.21. Analysis of the type of anti-GBM
serology tests ordered included ELISA and IFA.
Test results were interpreted as positive,
negative, or indeterminate by the established
reference standard of the specific test used.
Patients less than 18 years of age, pregnant
individuals, and prisoners were excluded from
the study. The study was reviewed by the
Institutional Review Board (IRB) and
considered to be a quality assessment/quality
improvement study that did not require
approval or oversight.

Patient presents with rapid decline in
kidney function

((¢GFR)) < 60 mL/min per 1.73 m?)

Perfarm Urinalysis

Urine dipstick
(+) Blood and/or (+) Protein

Urine microscopy

(+) hematuria and/or (+) pyuria without
infection

(Presence of RBCs. WBCs and bacteria)

~
Urine dipstick
(-) Blood and/or (-) Protein
- /

Evaluate for possible non-
glomerular etiology of acute
kidney injury

N

Evaluate for extrarenal signs/symptoms/obtain
autoimmune serologies

(ANCA, ANA, anti-GBM antibodies, complement)
(Exclude infection and confirm with kidney biopsy)

Is A
Negative urine microscopy ﬁ
pN J

Note. eGFR = Estimated glomerular filtration rate; RBC = Red blood cells; WBC = White blood cells; ANCA =
Antineutrophil cytoplasmic antibodies; ANA = Antinuclear antibody

Figure 1. Determination of Appropriate Utilization of Laboratory Tests. Algorithm adapted from Rovin BH, Adler SG,
Barratt J, et al. Executive summary of the KDIGO 2021 Guideline for the Management of Glomerular Diseases. Kidney

Int. Oct 2021;100(4):753-779. doi:10.1016/j.kint.2021.05.015
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During the chart review process, data
collected included patient demographics (age,
sex, ethnicity, race), patient medical history
for pre-existing comorbidities (diabetes,
dyslipidemia, smoking, hypertension), labora-
tory test results (urinalysis, creatinine,
hematocrit, hemoglobin, eGFR) and type of
anti-GBM test ordered (ELISA, IFA, or both).
Assessment of appropriate laboratory test
utilization in the anti-GBM disease diagnosis
was accomplished by evaluating patient charts
using the algorithm outlined in Figure 1.°
Patients included in the study were divided
into two groups, appropriate or inappropriate,
based on the results of the algorithm
evaluation.

Statistical Analysis

The statistical analyses were performed using
IBM SPSS software version 28. Descriptive
statistics were used to provide an overview of
the patient population. Frequencies were
determined for categorical variables including
race/ethnicity and gender. Mean, median, and
standard deviation were determined for
continuous variables including age and labora-
tory test results. A Mann-Whitney U test was
performed to compare laboratory test results
between patients in the appropriate group and
inappropriate group. P values < 0.05 were
considered statistically significant.

Results

Between January 2013 and January 2022, 110
patients were evaluated for anti-GBM disease.
Patients assessed for anti-GBM disease were
primarily female (54.5%, (n=60)), white
(73.6%, (n=81)), non-Hispanic or Latino (69.1%,
n=76)) with a mean age of 52 years as seen in
Table 1. Regarding frequency of comorbidities,
hypertension (50.9%, (n=56)) was the most
common condition, followed by smoking
(37.3%, (n=41)) as listed in Table 2.

Following Rovin et al. algorithm, of the 110
patients suspected of anti-GBM disease, 63
(57.3%) patients had an anti-GBM test ordered
appropriately, while 47 (42.7%) patients had
tests ordered inappropriately as seen in Table
3.

Table 1. Frequency of sex, ethnicity, and race for
patients suspected of anti-GBM disease.

Demographic N
(%)[n=110]

Age
> 40 years 78 (70.9)
<40 years 32 (29.1)
Sex
Male 50 (45.5)
Female 60 (54.5)
Ethnicity
Not Hispanic or Latino 76 (69.1)
Hispanic or Latino 33 (30)
Unknown 1(0.9)
Race
White 81 (73.6)
Black or African American 24 (21.8)
Asian 4 (3.6)
American Indian or Alaskan Native 1(0.9)

Table 2. Frequency of comorbidities for patients
suspected of anti-GBM disease.
Condition N
(%)[n=110]

Diabetes
Present 23 (20.9)
Absent 87 (79.1)
Dyslipidemia
Present 9 (8.2)
Absent 101 (91.8)
Smoking
Present 41 (37.3)
Absent 69 (62.7)
Hypertension
Present 56 (50.9)
Absent 54 (49.1)

Table 3. Frequency of appropriate and inappropriate
ordering for anti-GBM tests.

Appropriate N
(%)[n=110]
Yes 63 (57.3)
No, No UA done 9 (8.2)
No, UA neg for protein 11 (10)
No, UA neg for blood 12 (10.9)
No UA neg for protein and blood 15 (13.6)

Note. UA = urinalysis; neg = negative

When assessing the frequency of the type of
anti-GBM test ordered, the study identified, in
the appropriate group, 26 of 63 (41.3%), had
both an ELISA and an IFA test ordered. In the
inappropriate group, 27 of 47 (57.4%), had only
an ELISA test ordered as listed in Table 4.
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Table 4. Type of anti-GBM serology test ordered.

Serology Test Group
Ordered Appropriate Inappropriate

Group (n=63) Group (n=47)
Only ELISA 23 27
Only IFA 14 11
Both ELISA and IFA 26 9

Note. ELISA = Enzyme-linked immunosorbent assay;
IFA = Indirect fluorescent antibody

When comparing laboratory tests between
appropriate and inappropriate patient groups,
the study found a statistically significant
difference for serum creatinine (p = 0.003) and
eGFR rate (p = 0.011). No statistically
significant difference was seen for hematocrit
(p = 0.059), hemoglobin (p = 0.67) and albumin
(p = 0.131) as listed in Table 5.
Table 5. Comparison of laboratory tests between
patients who had an anti-GBM test ordered

appropriately and patients who had an anti-GBM test
ordered inappropriately.

Variable Mean for Mean for p-Value

Appropriate Inappropriate

Group Group

Creatinine 4.41 (n=66) 2.81 (n=37) 0.003*
(mg/dL)
Hematocrit 34 (n=63) 33.7 (n=30) 0.059
(%)
Albumin 3.47 (n=62) 3.69 (n=29) 0.131
(g/dL)
eGFR 3.34 (n=57) 58.7 (n=34) 0.011*
(mL/min/1,73m2)
Hemoglobin 10.1 (n=63) 11.1 (n=30) 0.67
(g/dL)

Note. eGFR = Estimated glomerular filtration rate

Discussion

The findings of this study indicate that 42.7%
(n = 47) of patients suspected of having anti-
GBM disease have inappropriate laboratory
tests ordered according to the guidelines
published by Rovin and colleagues.’ The
analysis of laboratory tests ordered (Table 3)
showed that providers order anti-GBM serology
tests without fully utilizing the results from
patient’s urinalysis. Unnecessary testing can
be harmful to patients since it leads to
diagnostic errors associated with inappropriate
test results.'®" In patients suspected of anti-
GMB disease, serology tests should only be
ordered after assessment of clinical symptoms,

comorbidities, and preliminary laboratory
tests such as albumin, creatinine, eGFR, hemo-
globin, hematocrit, and urinalysis.

Although, the patients included in the study
were not diagnosed with anti-GBM disease, the
demographics of the patients were found to be
similar to other documented studies in which
most patients were female, white not Hispanic
or Latino.”-' Most patients in this study were
female, but the study by Shen and others
observed a male predominance in anti-GBM
patients.’

In this study, the dominant comorbidity
seen in patients was hypertension followed by
smoking. This is in agreement with several
other studies in which 34% of anti-GBM patients
had hypertension or a history of hypertension
and 58.3% of anti-GBM patients had hyper-
tension or a history of hypertension.'>™
Hypertension is the most common comorbidity
that is associated with anti-GBM disease. This
can be the result of early glomerular lesions
associated with fibrin deposition and formation
of epithelial crescents that narrow the blood
vessels leading to kidney damage presenting
initially as hypertension. Also, environmental
factors, mainly smoking, increases the risk of
developing anti-GBM disease as smoke damage
to the pulmonary membranes leads to
exposure of the alveolar capillaries to anti-
GBM antibodies.? It is important to note that
anti-GBM tests performed in this study’s
population (n=110) were all negative and anti-
GBM disease was not the final diagnosis.
However, when considering initial evaluation
of a patient suspected of anti-GBM, patient
demographics and comorbidities identified are
variables that should be considered. For
example, a multicenter French study that had
a total of 201 patients diagnosed with anti-GBM
disease identified 57% of the study population
was male and the two common comorbidities
were chronic arterial hypertension and
tobacco use.'® Patient demographics and more
importantly, existing comorbidities, can be
informative to healthcare professionals in the
initial evaluation of patients suspected of anti-
GBM disease.
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In terms of laboratory testing, ELISA and IFA
were the two types of anti-GBM tests utilized
and these tests were ordered either as a panel
or individually. The anti-GBM tests were
performed by a reference laboratory, it is
possible that ordering providers overlooked
Rovin et al testing algorithm in order to
attempt faster turnaround time on test
results.’ This practice could have contributed
to the inappropriate test ordering for the 47
patients in this study. Additionally, because
the tests are offered as a panel, ordering
providers could be prompted to order the
panel rather than individual tests, especially if
the provider is unfamiliar with the listed test.

Furthermore, when the test order recom-
mendations listed in the reference laboratory
website were reviewed, the guidelines for
ordering a type of anti-GBM serology test
(ELISA, IFA, or both) was unclear. For example,
for the anti-GBM IFA tests, the reference
laboratory recommends that this test may be
useful in detecting GBM antibodies. However,
the anti-GBM ELISA and IFA combo is listed as
the preferred panel for detecting GBM
antibodies in suspected or established anti-
GBM disease. Interestingly, the result
interpretations provided by the reference
laboratory regarding anti-GBM IFA or ELISA and
combo, are identical. This confusion could be
a reason providers decide to order both tests.
There was not a clear ordering pattern for
disease diagnosis as indicated by the variation
in ELISA and IFA test ordering for patients in
both the appropriate group and the inappro-
priate as seen in Table 4. Errors in test ordering
could be related to the ambiguous information
presented in the reference laboratory website,
especially if the result interpretation provided
is similar for all anti-GBM test types.

The comparison of laboratory tests comple-
ted between patients in the appropriate group
and patients in the inappropriate group
demonstrated a significant difference for crea-
tinine and eGFR. The average creatinine for
patients in the appropriate group was 4.41
mg/dL, while the average creatinine for pati-
ents in the inappropriate group was 2.81

mg/dL (Table 6). The average eGFR for pati-
ents in the appropriate group was 34.3
mL/min/1.73m?, while the average eGFR for
patients in the inappropriate group was 58.7
mL/min/1.73m? (Table 6). The average results
for creatinine and eGFR for patients in the
appropriate group and patients in the inappro-
priate group were abnormal. However, pati-
ents in the appropriate group had drastic
abnormal results than patients in the inappro-
priate group. This is significant, as anti-GBM
disease is associated with severe kidney injury
as many patients with delayed diagnosis
require permanent renal replacement thera-
py."7

The findings from the study indicate that
patients who had an anti-GBM test ordered
appropriately were experiencing more severe
kidney disease as observed by the mean eGFR
which would place them in moderate (3b) to
severe chronic kidney disease (CKD) stage.
Patients who had an anti-GBM test ordered
inappropriately had an eGFR mean that would
indicate mild to moderate (3a) CKD stage.
These results may be useful in establishing cut
off values for anti-GBM test ordering, as
patients who had more abnormal values for
creatinine and eGFR had an anti-GBM test
ordered appropriately.

The contribution of this study notes a high
volume of tests ordered inappropriately for
patients suspected of anti-GBM disease despite
a low prevalence of disease. Leaf et al,
evaluated 4,903 patients with 5,731 acute kid-
ney injury (AKI) episodes and identified that
anti-GBM antibodies were tested in 1% of AKI
episodes and all were found to be negative.'®
Since the prevalence for anti-GBM disease is
low, greater emphasis should be placed on
patient signs and symptoms, comorbidities,
and routine laboratory tests such as urinalysis,
creatinine and eGFR before performing auto-
antibody testing.

While the preferred testing for initial
diagnosis in patients suspected of anti-GMB
disease include GBM antibody testing by IgG by
multiplex bead assay and immunofluore-
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scence, it should be noted that other labora-
tory tests along with renal biopsy must be
included for proper diagnosis. This is of
particular interest as extremely rare cases of
anti-GBM can present with seronegative anti-
GBM antibodies." Hospitals should consider
newly developed methodologies, such as anti-
GBM IgG chemiluminescence immunoassay as
part of the anti-GBM workflow. When imple-
mented appropriately, these assays have
shown increased detection of GBM antibodies
in addition to traditional ELISA testing.?’
Additionally, novel interventions could include
educational seminars, built in test ordering
sets within EMR, and dissemination of
educational pamphlets detailing anti-GBM
laboratory workup along with test costs to
various departments of a hospital. Lastly, as
part of on-going quality improvement,
institutions should evaluate implemented
interventions with a follow-up period of 3-6
months to assess the effectiveness of an
intervention and modify as needed to
continually improve patient outcomes while
reducing hospital costs.
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The Clinical Utility of CYP2D6 Molecular Methods for
Personalized Pain Management
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As the world faces the persisting opioid epidemic ravaging the globe, one of the
ways to combat the overuse and misuse of opioids will be through a personalized
approach to pain management. The clinical implementation of pharmacogenetic
testing is essential to creating patient-centered drug therapies for the safe and
effective treatment of pain. Opioids are used for pain management, but the
analgesic affect is different on every individual due to genetic variation and the
ability to metabolize the drugs. The highly polymorphic CYP2D6 gene is responsible
for the metabolism of the commonly prescribed opioids. Genotype and copy
number variation of CYP2Dé play a critical role in how affectively the body
metabolizes opioids. A wide variety of molecular methodologies are available for
the genotype and copy number analysis of CYP2D6 including real-time polymerase
chain reaction, sequencing, microarray, and matrix-assisted laser
desorption/ionization-time of flight mass spectroscopy. While these technologies
have advanced significantly, there are still limitations and challenges associated
with integrating pharmacogenetic testing into routine clinical practice. Further
research is needed to establish standardized pharmaceutical recommendation
guidelines based on CYP2Dé6 analysis. However, there is compelling evidence that
suggests CYP2Dé6 testing is useful when considering prescribing opioids for pain
management. Implementing pharmacogenetic testing for CYP2D6é may reduce
aggressive prescription practices of opioids which, in time, will diminish the
devastating effects of the opioid crisis.
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Introduction

With recent advancements in genetics,
medicine is shifting from a “one size fits all”
approach to a customized method based on
each individual patient’s genetic profile. This
emerging practice, called precision medicine,
is also known as personalized medicine.! One
of the ways clinicians can personalize medical
treatment is through the use of pharmacoge-
netic testing. Pharmacogenetic testing allows
medical providers to make informed decisions
about drug therapies based on how an
individual patient will metabolize the medi-
cation.

Genetics play a crucial role in how the body
metabolizes medications. Variations in meta-
bolism can result in a drug having a wide range
of different effects on people. This is parti-
cularly important within the context of pres-
cribing medications to control pain manage-
ment. There are specific genes that play a
particularly significant role in the drug
metabolism process. Cytochrome P450, also
referred to as CYP, represents a large heme-
containing enzyme superfamily:' CYP enzymes
are abundant in the liver and are responsible
for the metabolism of various molecules such
as drugs, chemicals, and fatty acids." Among
the several genes that encode these CYP
members is the highly polymorphic CYP2Dé
gene located on chromosome 22q13.1.2 It is
estimated that CYP2Dé6 actively metabolizes
around 25 percent of all drugs including
antidepressants, antiarrhythmics, antipsycho-
tics, B-blockers, and opioid analgesics used to
treat pain.’3

Due to the variation in CYP2D6, individuals
metabolize opioids at different rates.
Identification of the genetic variation in the
CYP2D6 of each patient by implementing
pharmacogenetic testing in routine clinical
practice allows providers to take a persona-
lized approach to pain management, leading to
safer and more effective treatment. In
addition, the clinical practice of genotyping
CYP2D6 may reduce the over prescribing of
opioids and indirectly assist in the manage-
ment and reduction of the opioid crisis
worldwide.

Pain Management and the Opioid Crisis
Safe and effective pain therapies require a
personalized approach to treatment. Pain is
subjective and can be difficult to treat.
Individual patients can have a wide range of
responses to pain medications based on their
genetic profiles. Implementing pharmaco-
genetic testing in clinical pain management
and the prescribing of narcotics is particularly
important.

Narcotics or opioids are a class of drugs
commonly prescribed for long- and short-term
pain management. As a result, opioid addiction
has become an increasingly prevalent issue
which has led to the opioid epidemic or opioid
crisis. In the United States, opioid use has risen
by 10 to 14 times in the past two decades.* The
rate of opioid prescription more than doubled
worldwide between 2001 and 2013, largely
affecting the United States, Canada, Australia,
and the United Kingdom.®> The increase in
opioid prescriptions, misuse and abuse of the
drugs has led to the subsequent rise in opioid-
related overdoses and deaths. This s
attributed to multiple factors including the
increased use of prescription opioids by the
growing geriatric population as well as efforts
to resolve the previous under-treatment of
chronic pain.> However, evidence suggests that
the main contributor to the opioid crisis is the
overaggressive prescription practices encour-
aged by pharmaceutical manufacturers.>%7

Opioids
Opioids are a class of medication prescribed
for the treatment and management of pain.
Opioids create an analgesic effect which
simply refers to pain relief.® The commonly
used opioids include oxycodone, hydrocodone,
methadone, morphine, codeine, tramadol, and
the synthetic opioid, fentanyl.®

Opioids produce analgesic effects by acting
on the presynaptic and postsynaptic terminals
of the body’s neurons by binding to cell
membrane receptors. The presynaptic binding
blocks calcium channels to prevent the release
of neurotransmitters that contribute to
nociception or the sensation of pain.® The
postsynaptic binding of opioids opens
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potassium channels, increasing the required
action potential to generate nociceptive
transmission.® The released neurotransmitters
stifle the sensation of pain and create a sense
of wellbeing. When the effects of the drug
wear off, the body can crave the same feeling
of pleasure and wellbeing, generating the
potential for addiction.®

Pharmacogenetic Testing

Clinically integrating pharmacogenetic testing
into pain management practices may help to
combat the current opioid crisis by reducing
the over-prescription and misuse of opioids.
Pharmacogenetics investigates how a specific
gene influences the body’s response to a given
drug. Genetic polymorphisms contribute to the
high variability in pharmacokinetics and
pharmacodynamics which describe how the
body processes and responds to various drugs. !
Pharmacogenetic testing involves assessing an
individual’s genetic profile to determine how
the individual will respond to drug therapy.

CYP2D6
The Role of CYP2Dé6 in Drug Metabolism
CYP2D6 is one of the most important
pharmacogenes. Cytochrome P450 2D6 is an
enzyme encoded by the CYP2D6 gene sequence
which is primarily expressed in the liver.® CYP
enzymes facilitate reactions during phase |
metabolism, the process of adding or exposing
a polar functional group such as -NH? or -OH on
a lipophilic drug to increase the hydrophilic
nature of the molecule.' The reaction creates
metabolites transforming a prodrug into an
active therapeutic form.'? If the CYP450
system is inhibited in any way it will lead to a
decrease in metabolism and an increase in the
drug level, whereas if the system is induced, it
will cause metabolism to increase and the drug
level to decrease.™

Significant variability in interindividual
CYP2Dé6 metabolism occurs because the gene is
highly polymorphic. More than one hundred
CYP2Dé6 genetic variants have been identified
resulting from point mutations, duplications,
insertions, and deletions.! The genetic variants
contribute to the high variability in opioid

metabolism by different individuals.
Determining one’s genotype for CYP2D6 would
insure prescribing the correct dose and type of
opioid for effective pain management.

CYP2D6 Genotypes and Metabolizer Pheno-
types

Determining an individual’s CYP2D6 genotype
enables healthcare providers to make informed
decisions regarding drug choices and doses
based on the patient’s CYP2D6 metabolizer
phenotype. CYP2Dé6 allelic variants correspond
with specific phenotypes categorized as either
a poor metabolizer (PM), intermediate
metabolizer (IM), ultrarapid metabolizer (UM),
or normal metabolizer (NM). NM and IM are the
most common phenotypes comprising an
estimated 43% to 67% and 10% to 44% of the
general population, respectively.? NMs provide
the baseline for how most individuals are able
to process compounds metabolized by CYP2D6
enzymes. IMs may express slightly less CYP2D6
metabolism than NMs but are not considered to
be at substantial risk for adverse reactions or
failed treatments when prescribed a
compound that is metabolized by CYP2D6. In
contrast, PMs are typically at higher risk for
failed treatments and adverse drug reactions
because these individuals exhibit no CYP2D6
enzyme activity and are therefore more likely
to experience diminished analgesic effects
from opioids due to the inhibited metabolism
of the drug.>'>' UMs are often at high risk of
adverse reactions when prescribed compounds
metabolized by CYP2D6 because these
individuals exhibit increased CYP2Dé6 enzyme
activity which can lead to toxic concentrations
of the drug even at low doses.™'> While PMs
and UMs are less common than NMs and IMs,
drug choices and doses for these individuals
must be carefully considered to minimize risks
of dangerous or ineffective treatments.

The CYP2D6 metabolizer phenotype is
determined based on the individual’s activity
score calculated by adding assigned values of
each of the alleles.? There are five functional
allele types for CYP2D6: normal (also known as
wild type), decreased function, severely
decreased function, no function, and increased
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function. Normal function alleles include *7,
*2, and *35 which are all assigned an activity
score of 1.3 Decreased function alleles
include *9, *17, *29, and *41 and are assigned
a value of 0.5.3 The Clinical Pharmacogenetics
Implementation Consortium (CPIC) guidelines
also group CYP2D6*10 in with the decreased
function allele type. It is the only decreased
function allele with an activity score of 0.25
rather than 0.5."° Due to this distinction, the
allele can be categorized separately from the
rest of the decreased function alleles to
highlight the difference in activity values.
CYP2D6 alleles that are considered to have no
function are given a score of 0 and these
include *3, *4, *5, *6, and *40.>'® Increased
function alleles, which are *71x2 and *2x2, are
assigned twice the value of a normal allele,
contributing a value of 2 to the activity score.?
An activity score of 0 indicates a PM
phenotype, 0.25 to 1 indicates an IM, 1.25 to
2.25 indicates a NM, and activity scores greater
than 2.25 indicate a UM phenotype.>' For
example, an individual with a CYP2D6*1/*2
diplotype has an activity score or 2 making
them a NM, whereas an individual with a
CYP2D6*4/*5 diplotype has an activity score of
0 making them a PM.

The frequencies of the alleles and
phenotypes vary by population and ethnic
groups. No function CYP2D6*3, *4, *5, and *6
alleles are common among individuals of
European descent.® Compared to other
biogeographical groups, Europeans exhibit the
highest frequency of poor metabolizers.' In
contrast, Sub-Saharan African populations
have the highest prevalence of activity scores
of 3.0 and higher."® The severely decreased
function CYP2D6*10 allele is common among
Asian populations. East Asian populations have
the highest rate of 0.25 activity scores relative
to other biogeographical groups.®'® The
frequency of the alleles in a given population
affects the chances of an individual in that
population being a PM or UM for CYP2D6.

CYP2D6 Copy Number Variation
In addition to genotype, copy number variation
(CNV) in CYP2D6 resulting from gene

duplications or deletions can also influence
metabolism. Two copies of an allele are
normally inherited, one from the mother and
one from the father."” In cases where CNV
occurs, two or more copies of a gene may be
inherited from one of the parents, or the gene
may be deleted altogether.'” When there is a
duplication of the CYP2D6 gene, the additional
copy is also factored into the activity score.
Therefore, the more copies of CYP2D6 present,
the more likely that individual will have
increased CYP2D6 function.>' The increased
CYP2D6 function causes the individual to
metabolize compounds much faster than a
person with only one copy of the gene." In
contrast, reduced CYP2D6 function resulting
from a deletion will inhibit the individual’s
ability to metabolize the compound, which will
reduce or eliminate the intended analgesic
effect of the opioid.

Over 12 percent of the United States
population has a CNV in the CYP2Dé gene."
The total copy number of CYP2D6 can range
from zero copies to as high as ten copies.'” This
additional factor of genetic variation can
significantly influence the expected
metabolism type hindering the process of
translating data into patient-specific out-
comes. Scientists have previously overlooked
the impact of CNV on drug response.’
Additionally, some researchers have criticized
the under-utilization of CYP2Dé CNV testing,
particularly in laboratory-developed tests,
stating that many of these tests only identify
the single nucleotide polymorphisms and do
not account for CYP2D6 CNVs."® The
prevalence of CYP2D6 CNVs combined with the
significant contribution to metabolizer pheno-
types suggests that CYP2Dé6 CNV testing should
be used alongside genotype analysis for the
most accurate and clinically useful results in
pharmacogenetic testing.'®

CYP2D6 Molecular Methods

There are a variety of molecular test methods
used for CYP2D6 testing. The methods include
real-time polymerase chain reaction (PCR),
sequencing, microarrays, and matrix-assisted
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laser desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS). Each of the
methods come with benefits and limitations
when implementing them in a clinical setting.

Real-time PCR
PCR is a commonly used method for CYP2D6é
genotype analysis in clinical laboratories.
There are a variety of PCR tests available for
genotyping CYP2D6, however, only a couple
are Food and Drug Administration (FDA)
approved.” The quality and usefulness of
CYP2D6 PCR assays depend heavily on the
design of the PCR primers specific to the
intended target.?°

A wide variety of PCR chemistries use a
direct detection method for genotyping
CYP2D6, one being TagMan chemistry. TagMan
chemistry utilizes two oligonucleotide probes
with a fluorescent molecule attached at the 5’
end and a quencher located on the 3’ end. In
TagMan assays designed for the detection of
SNPs, one allele is detected by the fluorescein
adamites (FAM) probe and the other by the
aequorea victoria (VIC) probe.2"22 The primers,
probes, and master mix containing DNA
polymerase, deoxynucleotide triphosphates
(dNTPs), cofactor, and buffer are combined
with the sample.? Then a thermal cycling
protocol is performed on a PCR detection
instrument such as the Applied Biosystems
7500 where the DNA is amplified and the
fluorescence is measured.?* The endpoint read
of the fluorescence is used for genotype
analysis.?* Software programs such as TagMan
Genotyper Software analyze the amplification
to generate allele plots in which distinct
clusters should form.?* One axis of the allele
plot represents the allele detected by FAM and
the other axis represents the allele detected
by VIC. Clusters that are formed along the FAM
axis represent the samples that are
homozygous for the FAM-detected allele and
those along the VIC axis are homozygous for
the VIC-detected allele. A cluster that forms in
the middle of the plot equidistant from both
axes marks the samples that are heterozygous,
meaning both alleles were detected in the

samples.?* TagMan PCR is a fast and reliable
method for CYP2D6 genotyping that is simple
to perform compared to other methods.2°

In addition to genotyping, PCR tests are also
available for CNV identification for CYP2D6.
The assays typically use TagMan chemistry
with real-time quantitative PCR methods." In
TagMan CNV assays for CYP2D6, one probe
labeled with FAM targets the CYP2D6 sequence
while another probe labeled with VIC targets a
reference gene with a known copy number,
such as Ribonuclease P.* Both sequences are
amplified in the same well simultaneously, and
at the end of the PCR, a cycle threshold (Ct)
value is determined for both targets. The Ct
value is the number of PCR cycles it takes for
the target to cross the threshold where it
eventually exceeds background amplificat-
ion.?

To determine the number of copies of
CYP2Dé6 in a sample, the difference between
the FAM and VIC Ct values are measured for the
tested sample and compared to the difference
in Ct values measured in a calibrator sample
with a known copy number for CYP2D6. Special
software automatically performs the calcu-
lations and determines a predicted copy
number using a data file exported from the
PCR instrument. An example of the technology
is the CopyCaller 2.1 software created by
Thermo Fisher Scientific (Waltham, MA).2* The
software also provides statistics to assess the
confidence of each copy number call and
assigns each sample a score. One of the
limitations of the technology is that it requires
a minimum of seven samples with the same
predicted copy number in a single PCR run in
order to accurately generate confidence scores
for each sample’s predicted copy number.?*

Sequencing

Various sequencing techniques are available
for CYP2D6 analysis. In fact, the use of Sanger
sequencing actually led to the discovery of the
CYP2D6 gene and pseudogenes.? Eventually,
long-range PCR enabled Sanger sequencing of
targeted exons across full-length CYP2D6
amplicons, leading to the identification of the
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initial CYP2D6 star alleles.?2 As innovative
technologies emerge, Sanger sequencing
remains the gold-standard for many molecular
methods including genotyping applications.
However, it is rapidly being replaced in clinical
laboratories with higher throughput methods
such as targeted next generation sequencing
(NGS).?

Targeted NGS includes a step where
specific gene regions are selectively amplified
through PCR using a gene panel. A gene panel
is a pool of oligonucleotide primer pairs used
to amplify the target region during PCR,
creating a sequencing-ready library of DNA
amplicons.?® The DNA is denatured and added
to a small plate, sometimes referred to as a
flow cell containing oligonucleotides that
match the adapter sequences of the library.
The adapter sequences on the DNA fragments
hybridize with the targets on the plate. PCR
synthesizes a complementary DNA (cDNA)
sequence. Fragments that fail to hybridize to a
complementary sequence are removed in a
subsequent washing. The free end of the cDNA
sequence then hybridizes to a secondary
oligonucleotide on the plate in a process
known as bridge building.”” The bridge is
amplified and denatured again, and the
process is repeated, creating multiple copies
of forward and reverse strands. A primer then
binds to the oligonucleotide to start the
sequencing process using fluorescently labeled
nucleotides. As the nucleotides bind to the
sequence, they are excited by a laser to obtain
a color-coded signal until the sequencing is
complete, generating millions of reads in the
process.?’

While NGS offers a rapid and reliable
method for detecting SNPs in CYP2D6, the
massive amount of data produced by the
millions of reads requires extraordinarily
complex bioinformatic systems to analyze the
results. Another limitation of this method for
CYP2Dé6 testing is the challenge associated
with detection of CNVs which typically requires
the use of quantitative real-time PCR.%>%8 The
challenges are caused by the variances in
coverage depth often associated with NGS

methods. The variances are due to the amount
of GC content in the target regions and
biochemical properties of the kits used in the
initial enrichment steps prior to sequencing.?®

Microarrays
A substantial portion of all pharmacogenomic
tests use microarray method. Microarrays use
a grid that contains small wells, each of which
contains multiple copies of a probe fixed to a
solid surface in the well. Each well represents
a different gene or region of interest. The
sample DNA is denatured and cut into smaller,
more manageable fragments.?’ The small
fragments are labeled by attaching a
fluorescent dye. The labeled sample DNA is
inserted into the wells where it hybridizes with
complementary probes.?’ Any unbound DNA is
then washed away, and the bound DNA
fluoresces resulting in the identification of a
specific gene arrangement or variation.
Microarrays are commonly used for pharma-
cogenomic applications because the techno-
logy can analyze thousands of genetic variants
simultaneously, including CNV.3 Other advant-
ages of microarray technology include rapid
output, affordability, and availability of the
technology as well as high accuracy and
relatively simple analysis and variant calling
compared to other methods.?' - 33 Microarray
panels can be customized to include specific
genes of interest to create pharmacogenomic
panels to identify the variants important in
pain management, cardiac, and psych
disorders.3"3* The main limitation associated
with microarray technology is that it cannot
detect novel variants. However, genome-wide
array technology can detect virtually all SNPs
of known clinical importance making it suitable
for clinical applications.?' In fact, multiple
assays that detect drug metabolizing enzymes
that have been granted FDA approval utilize
microarray technology."

MALDI-TOF Mass Spectrometry

One of the less commonly used methodologies
for CYP2D6 genotyping is MALDI-TOF MS. In this
method, forward and reverse primers are
created for the target SNP and a PCR step is
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performed to amplify the region of DNA
containing the SNPs.3435 An extension step is
then performed during which an extension
primer anneals to the polymorphic base and a
terminator extends the fragment by a single
additional base.3* The product of the reaction
is added to a chip containing matrix solution.
The matrix assists in the ionization process by
absorbing energy from a laser.3*3 Electro-
static potential accelerates the ionized DNA
molecules through a tube toward a detector
which measures the relative time of flight of
each molecule.3* The mass of the DNA
fragment is calculated. The modified ter-
minator bases enable detection of mass
differences between fragments differing by
only one base.?* This method is used to detect
SNPs based on the mass of the variant
sequence.3*-3¢

Tests using MALDI-TOF MS are proving to be
a competitive analytical method due to the
many benefits including rapid high throughput,
ability to customize, relatively easy setup
protocols, and low cost per test.336 Additi-
onally, MALDI-TOF MS technology has demon-
strated high accuracy, sensitivity, and specifi-
city for pharmacogenetic testing.3>3¢ There is
currently only one MALDI-TOF MS-based
genotyping assay approved for clinical use in
the United States, however it is not for CYP2D6
genotyping.’

Discussion

Pharmacogenetic testing for CYP2D6 s
essential to determine a patient's ability to
metabolize a compound appropriately and
predict the response to CYP2D6-metabolized
drugs such as opioids. Both genotype and copy
number variation analyses provide critical
information that can help health care
providers prescribe appropriate treatments
and dosages based on the genetic profile of the
patient.

Understanding the clinical utility of CYP2Dé
testing for personalized pain management is
more important than ever given the current
opioid crisis. Opioid use has increased by more
than 10 times in the last 20 years, and it has

been predicted that 480,000 people in the
United States could die from opioid overdose
in the next 10 years.>3” The recent COVID-19
pandemic may have contributed to the severity
of the worldwide opioid problem due to
intense social isolation, increased experiences
of grief and trauma, and limited access to an
already low number of in-person treatment
centers for people struggling with opioid
abuse.¥

Also contributing to the high use of opioids
is the prevalence of opioids like oxycodone as
a postoperative treatment for pain. Of the 3.9
million surgeries undergone by children each
year in the United States, oxycodone is
prescribed for 2,116 out of every 100,000
patients.3® Despite the high variability in
response to the medication and the increased
risk for opioid dependence, oxycodone is the
most commonly prescribed oral opioid for
children.3®

The immense threat that the overuse and
misuse of opioids poses to the population
highlights the urgent need for an increased
awareness and understanding of the utilization
of CYP2D6 testing to aid in prescribing safe and
effective treatment for pain. Evidence
suggests that in addition to oxycodone dosage
requirements, CYP2D6 genotypes may also
affect a patient’s risk for opioid side-effects
like respiratory depression.3® This contradicts
current information provided by the CPIC
which stated that “there is insufficient
evidence and confidence to provide a
recommendation to guide clinical practice at
this time for oxycodone” based on CYP2D6
genotype.’

While the current research available may
be “insufficient” at this time, there is enough
substantial evidence to warrant further
investigation and consideration for clinical
implementation. Studies have shown that
genotype availability and guidance in a clinical
setting influences postoperative prescriptions
of opioids. These effects include a decrease in
the prescription of a medication due to high
variability in response to the drug as well as a
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lower rate of oxycodone prescriptions for PMs
and UMs.383°

One of the major challenges of integrating
CYP2Dé6 testing into routine clinical practice is
the lack of standardization of activity scores,
associated phenotypes, and the clinical recom-
mendations for each phenotype. Translating
CYP2D6 genotype to phenotype has posed a
significant challenge to the scientific
community.*® CPIC guidelines on converting
CYP2D6 activity scores to metabolizer pheno-
type have been modified in recent years,
primarily changing the activity score ranges
that constitute an IM, NM, and UM.#"%2 A recent
study found that the metabolic ratio (the ratio
of parent drug to metabolite after 3 hours) of
three different CYP2D6 genotype groups was
significantly different, even though all three
groups would be classified as NMs according to
CPIC guidelines.”® The clinical implications of
these differences need to be carefully
considered when establishing or modifying the
activity score translation system. To produce
sufficient comparable data to aid in
establishing guidelines for prescription recom-
mendations for each phenotype, it would be
beneficial to adopt one standard CYP2Dé
genotype-to-phenotype translation system.

One of the factors that is improving the
ability to implement pharmacogenetic testing
in clinical laboratories is that the same
molecular methodologies used for CYP2D6 can
also be used for a variety of other important
pharmacogenes, including other members of
the Cytochrome P450 superfamily such as
CYP2C9 and CYP2C19.¥ Once a molecular
method for a gene such as CYP2D6 has been
implemented, it can be a relatively
straightforward process to continue implemen-
ting additional assays to monitor other genes,
as most principles and procedures are trans-
ferable to other pharmacogenes, apart from
the unique primer designs.

There are a variety of molecular
methodologies currently available for pharma-
cogenetic testing including PCR, sequencing,
microarray, and MALDI-TOF MS. While mole-

cular methods for genetic testing have impro-
ved, leading to more sensitive and less labor-
intensive tests, there are still limitations
associated with these methods that remain a
challenge for clinical laboratories. One of the
current limitations of copy number analysis is
that most CNV assays do not identify which
alleles have multiple copies.' The main chall-
enge associated with genotype analysis across
all molecular methods is the risk of incorrect
variant calling.** For instance, rare and de
novo variants will not be detected by most
assays and may be falsely reported as a
functional allele by default.' Regardless of the
diagnostic tool being used, laboratorians
should be especially cautious when analyzing
variants in homologous regions to reduce the
chance of an incorrect call.** In some cases,
incorrect variant calls can in turn be translated
into incorrect phenotypes, which may have
significant negative outcomes for the patient.
Ambiguous results and variants in highly
homologous regions require confirmation with
an independent methodology to help avoid this
risk.

Conclusion

In order to continue developing and refining
strategies for personalized medical treatment
it is necessary to assess the clinical utility and
challenges associated with current practices.
Pharmacogenetic testing is a valuable tool in
personalized medicine due to the influence
that genetic variation has on the diversity of
drug metabolism within and between
populations. In addition to pain management,
pharmacogenetic testing has other useful
clinical applications. Gene sequences are
grouped to create different test panels
including cardiovascular, psychiatric, cancer
and immunosuppression, and endocrine and
metabolic panels.

CYP2D6 testing has proven to be a valuable
way to predict an individual’s response to
opioids as well as other CYP2D6-metabolized
drugs. Aside from pain medications, CYP2D6
testing may be clinically useful for the
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prescription of antidepressants, antiarrhyth-
mics, antipsychotics, and B-blockers. In the
new era of personalized medicine, CYP2Dé6
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Harmonization of Thyroid Hormone Testing; A Complex Challenge to
Improve Patient Outcomes

David Hamilton', Demetra Castillo', and Patricia Tille"”

Medical Laboratory Sciences Program, College of Allied Health Science,
University of Cincinnati, Cincinnati, Ohio, USA'

Thyroid diseases are extraordinarily complex endocrine conditions.
Hyperthyroidism, hypothyroidism, and thyroid cancer is diagnosed and monitored
using thyroid hormone (TH) laboratory testing. Treatment decisions adhere to
published clinical practice guidelines that rely heavily upon laboratory
measurements such as thyroid stimulating hormone (TSH), thyroxine (T4), free
thyroxine (FT4), and thyroglobulin (TG). The immunoassays for TH testing utilize
various methodologies dependent upon specific reagent manufacturers. This
presents a challenge for laboratories to provide TH measurements that are
dependable and consistent. This challenge has led to initiatives for the
standardizations and harmonization of TH testing. TH immunoassays are complex
methods that are highly susceptible to interferences such as heterophile
antibodies, binding proteins, and anti-reagent antibodies. In addition, there is a
lack of appropriately established reference intervals (RI) for TH laboratory values.
Factors such as pregnancy, age, sex, and geographical location complicate the
standardization of TH RIs. Harmonization and standardization for TH testing is
challenging, however, it is clear that patients with thyroid disease would benefit
from these initiatives.
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Introduction

Thyroid testing is among the highest volume
assays utilized across the global healthcare
network.! Medicare costs for thyroid
stimulating hormone (TSH) have been reported
at $469 million per year. Approximately 59
million TSH and 18 million free thyroxine (FT4)
tests performed are performed annually with
TSH among the top 25 laboratory tests
performed in four out of five hospitals."? FT4,
TSH, along with thyroglobulin (TG) immune-
assays play an important role in the diagnosis
and management of thyroid diseases.® The
availability of numerous testing platforms and
diagnostic methods for TH testing creates a
complex challenge in establishing
harmonization across manufacturer’s and sta-
ndardizing reference intervals. In laboratory
medicine, harmonization of laboratory testing
refers to achieving equivalent results with the
same interpretation irrespective of the
procedure used, the unit or reference interval
applied, and when and/or where a measure-
ment is made* Additionally, standardization
involves the attainment of harmonization
through traceable methods of laboratory
values to primary reference material.?

Over the last decade, organizations such as
the American Association for Clinical Chem-
istry (AACC) and the College of American
Pathologists (CAP) have led the effort to
harmonize laboratory results by establishing
the International Consortium for Harmoni-
zation of Clinical Laboratory Results (ICHCLR).*
In addition to the work for ICHCLR, thyroid-
specific organizations such as the Partnership
for the Accurate Testing of Hormones (PATH)
are attempting to improve standardization and
harmonization among thyroid immunoassays.>
The lack of standardization and harmonization
prevents clinical laboratories from assessing
the accuracy and reliability of reference
materials.> Additionally, systemic bias or
disparity in interferences among the different
immunoassays has been observed when a single
patient is analyzed with multiple methodol-
ogies leading to misinterpretations.® Thyroid
immunoassays are among the many laboratory

tests that are lacking uniformity through
standardization and harmonization. Harmon-
izing results for thyroid tests would lead to the
development of standardized treatment guide-
lines, improve the accuracy of clinical diagno-
stics, and reduce the number of medical errors
improving patient outcomes.

Thyroid Hormones and Disease
THs regulate cellular differentiation, growth,
and metabolism in every tissue in the body.”
The hypothalamic-pituitary-thyroid axis regu-
lates thyroid hormone levels. The pituitary
gland produces TSH, which stimulates the
production of T4 and 3,3’5-triiodothyronine
(T3).7-8Given the importance of THs in cellular
growth and metabolism, TH testing, specifica-
lly TSH, FT4, and TG levels are important for
the diagnosis and management of thyroid
diseases such as hyperthyroidism (excessive
thyroid hormone production), hypothyroidism
(reduction in thyroid hormone production),
and thyroid cancer. Studies have shown 4.6% of
individuals in the United State (U.S.) aged 12
years or older have hypothyroidism while 1.2 %
have hyperthyroidism.® Despite the prevalence
of thyroid disease, the U.S. Preventative Task
Force recommends thyroid testing only in the
presence of symptoms and risk factors and
advises against using it as a screening
method. "0

Patient’s presenting with symptoms of
hypothyroidism include hair loss, weight gain,
dry skin, constipation, fatigue, and depre-
ssion.!” Hashimoto’s thyroiditis is an auto-
immune form of hypothyroidism that restricts
FT4 production, resulting in an increased
production of TSH.'%'"! Hyperthyroidism sympt-
oms include weight loss, palpitations, heat
intolerance, fatigue, tremors, and exoph-
thalmos."? Graves’ disease (GD), toxic multi-
nodular goiter (TMNG), and toxic adenoma
(TA) are examples of hyperthyroidism. The
excess production of thyroid hormone inhibits
the release of TSH.' It is also important to
note that conditions such as GD produce auto-
antibodies that can complicate the
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interpretation of TH values. Symptoms associ-
ated with hyperthyroidism and hypothyroidism
mimic other conditions resulting in patients
failing to recognize the symptoms of thyroid
disease. This can delay the diagnosis and
treatment for serious conditions such as thyro-
id cancer.

Thyroid cancer prevalence has increased
substantially accounting for approximately
2.1% of all cancer diagnoses and ranked as the
9t leading cancer in 2020, worldwide.'>"
Common types of thyroid cancer include
papillary, follicular, and medullary, with mort-
ality rates at 20 years averaging 1% - 2%, 10% -
20%, and 25% - 50% respectively.' Over 90% of
endocrine malignancies include a thyroid
cancer diagnosis.'® Thyroid cancer is the most
common diagnosis among adolescents and
adults, and is the seventh most common in
females.'® Studies have shown an increased
risk of thyroid cancer in individuals who are
diagnosed with benign thyroid nodules,
adenoma, and goiter."”” While TSH and FT4
immunoassays provide information for diagno-
sing hyperthyroidism and hypothyroidism,
thyroid cancers are detected through imaging
of suspected nodules or goiters and confirmed
with fine needle aspiration cytology.” TG is
secreted in small amounts by the thyroid gland
in healthy individuals but is often elevated in
papillary and follicular thyroid cancer.'® TG
immunoassays become an important piece for
monitoring and treating thyroid cancer. With
the increasing incidence of thyroid cancer, it is
important to educate patients on the impor-
tance of routine preventative care, which
includes routine TH testing.

Routine care and treatment for thyroid
disease is important because TH regulates the
metabolism throughout the body. Treatment
of hypothyroidism has historically been thro-
ugh prescribing the synthetically produced
exogenous form of T4, levothyroxine.'® While
the U.S. Food and Drug Administration has
approved the use of generic versions of
levothyroxine, the brand-name drug is the
treatment of choice for endocrinologists and
professional organizations.’® Hyperthyroidism

disorders such as GD, TMNG, and TA can lead
to a condition called thyrotoxicosis. Treatment
for each of the disorders is dependent on the
diagnosis and include thyroidectomy, B-
blockers, radioactive iodine, or antithyroid
drugs.'® Thyroid cancer treatment for most
low-risk cancers involves surgical removal
including lobectomy and total thyroidecto-
my. "> Active surveillance is a viable alternative
to traditional surgical treatment options for
low-risk differentiated thyroid cancer.®

Monitoring thyroid disease is difficult and
often specific to the patient or the stage of the
disease. Factors such as, sex, and pregnancy
can dictate need and frequency for thyroid
laboratory testing. For example, monitoring
non-pregnant patients with hyperthyroidism
requires testing TSH levels at intervals of six to
eight weeks until within the reference range,
then every six to twelve months, pending no
change in clinical status.'®' This is signify-
cantly different than monitoring thyroid
cancer.

Thyroid cancer, like other cancers, has a
possibility of recurrence. Monitoring the dise-
ase is an essential step for managing patient
care. Imaging and laboratory testing methods
are used to monitor disease following partial or
complete removal of the thyroid. The presence
of or increase in TG post-surgery may be
evidence of the recurrence of thyroid cancer.?’
To reduce recurrence and improve monitoring
of TG levels, post-surgical radioactive iodine
ablation of residual thyroid tissue is an
option.?° Regardless of what TH is measured,
the monitoring of each analyte plays a signi-
ficant role in determining the type of patient
care required.

Clinical Utility of Thyroid Immuno-

assays

TSH Immunoassays

TSH immunoassays are extremely sensitive and
specific, making it the most utilized laboratory
test for the initial diagnosis of thyroid
disease.?*> TSH immunoassays are classified as
first to third generation according to the limit
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of detection or improvement in the sensi-
tivity.®24 Historically, competitive, and non-
competitive immunoassays are utilized for
TSH. Competitive first-generation immuno-
assays use polyclonal antibodies while non-
competitive second and third-generation
immunoassays utilize monoclonal antibodies.?
The third-generation immunoassays are avail-
able on various automated laboratory analy-
zers. The automated methods are primarily
two-site sandwich immunoassays that detect
labeled antibodies specific to TSH epitopes.?¢
In addition to improving sensitivity (0.01-0.02
pIU/mL) for TSH testing, the evolution to third-
generation immunoassays can differentiate
hyperthyroid, euthyroid, and hypothyroid con-
ditions.2426

Despite the progress made with improving
sensitivities in newer-generation testing,
comparability between different manufacturer
methods exist. The International Federation of
Clinical Chemistry (IFCC) Working Group on
Thyroid hormones demonstrated that method-
related variations exist in thyroid immune-
assays.” The variations indicate potential
issues with Rls in TSH testing. As defined by the
Clinical Laboratory Standards Institute (CLSI),
RIs are ranges derived from healthy individuals
within a definitive percentage measurement of
95%. The RIs for TSH are calculated within a
percentage of measurements from between
the 2.5% - 97.5" percentile.?®?° Most labora-
tories follow this recommendation for all
diagnostic assays.

While following CLSI recommendations for
establishing RIs through analysis of healthy
individuals, there are additional factors to
consider. Factors such as additional patient
conditions, age, sex, ethnicity, and regional
iodine intake should all be included when
establishing valid Rls for thyroid testing.3° For
example, the 2017 American Thyroid Associ-
ation (ATA) guidelines recommend using Rls of
population and trimester-specific TSH based
on a population without known thyroid disease
and in an area with premium iodine distri-
bution.3' More recent developments in establi-

shing RIs utilize a patient-personalized appro-
ach. Personalized RIs are established by
comparing the patient’s laboratory test results
with their individual RIls as opposed to
population-based methods.3? Regardless of the
method utilized, the need for consistent and
dependable TSH results and RIs remains to
accurately diagnose and treat thyroid disease.

In addition to the RI challenges, limitations
associated with TSH immunoassay methodolo-
gies include non-analyte-specific interferences
and analyte-specific interferences.?3 Non-anal-
yte interferences include heterophile antibod-
ies (HAb), anti-reagent antibodies, and strept-
avidin-biotin.3*3* HAb present in individuals
can falsely elevate TSH values. Anti-reagent
antibodies (ARA) and streptavidin-biotin found
in patient serum can block the functionality of
assay-specific reagents, interfering with TSH
results. Analyte interferences include TSH
autoantibodies which can falsely elevate test
results and TSH variants, including nine sepa-
rate variants detected by TSH immunoassays.3*
Additional limitations include medications
such as steroids, the timing of administering
levothyroxine as well as season and diurnal TSH
variations.** Immunoassay manufacturers con-
tinue to develop methods to limit the effect of
interfering substances and understand the
fluctuation in hormones that can alter the
accuracy of TSH results.

FT4 Immunoassays
In addition to TSH, FT4 laboratory testing plays
a significant role in the diagnosis and
treatment of thyroid disease. Approximately
98.98% of T4 is protein bound, leaving 0.02% of
FT4 for detection and quantification in
immunoassays.?® The testing methods for FT4
have similar characteristics as TSH immune-
assays. Diagnostic screening for thyroid disease
commonly includes TSH and FT4 in tandem,
contributing to laboratory test utilization
problems. FT4 testing is recommended only as
a follow-up to abnormal TSH values.

FT4 testing methods also vary in design.
While direct method liquid chromatography-
tandem mass spectrometry (LC-MS/MS) assays
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are available, automated indirect competitive
immunoassays are the most popular for measu-
ring FT4.3> These methods deploy either one-
step, labeled antibody, or two-step principles.
One-step methods are easily automated and
are competitive immunoassays using labeled
hormone analogs. This limits interaction with
binding protein thyroid hormones and horm-
ones found in a patient’s sample for a solid-
phase anti-hormone antibody. The FT4 in a
patient’s sample competes with solid-phase
hormone for the labeled antibody creating a
measurement from a function of the fractional
occupancy of hormone-antibody binding sites
in the reaction mixture. A final washing step in
the procedure creates an inversely propor-
tional measurement of the FT4.: The two-step
method, also known as back-titration, harn-
esses immobilized T4 to isolate a portion of
total T4 from a diluted patient sample follow-
ed by a washing step, allowing for an inversely
proportional calculation of FT4,343%

Like TSH, RIs for FT4 are method dependent
because of calibration biases and rely heavily
on population-specific statistics such as
patient conditions, ethnicity, age, and sex.30:3
Guidelines for RI calculation methods are
published by international organizations such
as the ATA. However, data indicates that most
laboratories do not follow the recommend-
dations.3

FT4 immunoassays are affected by non-
analyte-specific limitations in testing which
include protein interferences, thyroxine-
binding globulin (TBG) excess or deficiency,
pregnancy, familial dysalbuminemic hypothyr-
oxinemia (FDH), transthyretin-associate hypot-
hyroxinemia (TAH), HAb, and ARA. Protein int-
erferences include the presence of parapro-
teins and abnormal immunoglobulins. Congen-
ital TBG excess or deficient quantities can also
cause interference with FT4 immunoassays.3

FT4 is monitored closely in patients who are
pregnant due to the prevalence of thyroid
disease. Evidence has shown that the thyroid
gland becomes stressed during pregnancy.
Thyroid disease, because of pregnancy, is
incredibly more complicated than hypo or

hyperthyroidism. Pregnancy interferences are
method-related due to existing standardi-
zation differences and method sensitivity to
the decreasing amounts of albumin present
during gestation.3* However, protein-specific
FT4 immunoassay interferences are not unique
to patients who are pregnant.

Additional interfering proteins include
binding proteins thyroxine-binding globulin,
transthyretin, and serum albumin. Each of the
binding proteins are important in the proper
storage and transport of TH. Presence of these
proteins maintains appropriate levels of availa-
ble TH to prevent a deficiency in the accessible
substrate, loss of iodine, and other thyroid-
related clinical factors.? Additionally, the
autosomal mutation caused by FDH and TAH
alters the structure of the binding proteins
resulting in falsely elevated FT4.3* This is due
to the immunoassay’s reliance upon the
binding proteins present in human serum.
Comparably, FT4 immunoassays also depend
upon antibodies to perform measurements.

HAb, specifically autoimmune antibodies
such as rheumatoid factor can interfere with
FT4 immunoassays. Capture antibodies for me-
asuring FT4 are unsuccessful because the assay
is unable to differentiate them from HAb. This
type of interference is reduced from 2 - 5 % by
adding a HAb blocker reagent.3* While this
reduction improves performance, interference
from HAb remains clinically significant.

In addition to HAb, human serum can also
contain interfering ARA that target frequently
used FT4 immunoassay reagents such as ruth-
enium or streptavidin.3* For example, exposure
to the bacterium Streptomyces avidinii prod-
uces an antibody that competes with
streptavidin reagent, leading to falsely eleva-
ted FT4 levels.®® There is a likelihood that
human serum contains interfering ARA not yet
discovered. These unknown factors complicate
the diagnosis of thyroid diseases.

TG Immunoassays

TG immunoassays have evolved much like the
methodologies used for detecting TSH and FT4.
Improving sensitivity for TG is of particular
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importance for the treatment and monitoring
of thyroid cancer in patients following a
thyroidectomy. The quest for sensitive
detection methods with limited interferences
for TG is essential. This has led to multiple
testing methodologies that include chemi-
luminescent immunoassay (CLMIA), radioimm-
unoassay (RIA), and immunometric (IMA) tech-
nology.¥

CLMIA methodologies utilize a luminescent
labeled molecule that produces detectable
radiation of light. This method performs
measurements on analytes such as albumin and
TG.“ TG CLMIA methodologies are available in
clinical laboratories.

RIA utilizes radioisotope-labeled antigens
that compete with TG in a patient’s sample for
binding to a high-affinity TG antibody.™
Although TG-RIA are standardized against
BCR®457 certified reference material (Merck
KGaA, Darmstadt Germany) from the European
Commission Institute for Reference Materials,
the method demonstrates unacceptable sensi-
tivity. TG-RIA does however offer improved
performance in the presence of interfering
polyclonal antibodies.3’

Similar to TSH and FT4 testing, first-
generation LC-MS/MS provides reliable and
consistent test results but due to expensive
equipment accompanied by the need for highly
trained laboratory personnel has limited avail-
ability.3? In comparison, IMA is a sandwich or
two-site methodology that uses two binding
antibodies termed capture and detection
antibodies. First, the highly specific binding
antibodies are added to the patient sample,
attaching to TG epitopes, followed by the
detection antibodies to form a ‘sandwich’
where the automated process can detect and
measure TG.4! This methodology is highly pop-
ular internationally among testing laboratories
as a tool for monitoring patients with thyroid
cancer.

TG is primarily monitored as a tumor
marker for differentiated thyroid cancer
patients post-thyroidectomy, making the pro-
cess for establishing Rls different from other
THs.#? As previously indicated, the production

of TG occurs in response to the stimulation of
the TSH receptor by TSH.'™ After two years of
age, TG levels fall in the same range as adults
but because most testing occurs post
thyroidectomy or lobectomy, RIs become irre-
levant. Individualized RIs based on thyroid-
ectomy versus lobectomy procedures are
preferred for determining appropriate TG
levels.

Immunoassays for TG measurements
present several limitations which include
heterophile and autoantibody interference. As
previously mentioned with TSH and FT4
immunoassays, heterophile antibodies cause
interferences, even in the presence of a low
quantity of heterophile antibodies. The
prevalence of autoantibodies represents a sig-
nificant amount of the interferences associ-
ated with TG immunoassays. Most interest-
ingly, elevated levels of autoantibodies may
not interfere while low levels have a remark-
able effect.3*% To limit interferences caused
by autoantibodies, testing laboratories imple-
ment tandem testing to include TG antibody
(TGAb) immunoassay. For example, in some
laboratories, TG testing begins with an assay
for TGAb via IMA. When the TGAb measure-
ment is below the detectable limit, then TG
testing is performed by a sensitive second-
generation IMA. If TGAb is detected, specimens
are assayed by RIA or LC-MS/MS because each
is resistant to TGAb. However, some studies
indicate that there is no diagnostic advantage
to using TG LC-MS/MS versus an immunoassay
methodology.3*

Harmonization and Standardization

Challenges

Improving and providing high quality patient
care is essential for healthcare organizations.
Laboratory services are essential to the deli-
very of high-quality patient care. There is an
overwhelming consensus that the harmoni-
zation of laboratory results can play a
significant role in improving patient out-
comes.* The prevalence of thyroid disease is
significant and oftentimes is accompanied by
signs and symptoms that can be difficult to
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detect.?' Laboratory testing utilized by
physicians and endocrinologists for the dete-
ction and management of thyroid disease
should be accurate and reliable.* In the pres-
ence of harmonization, clinical practice
guidelines would become more uniform, allow-
ing for more consistent and appropriate
healthcare decisions for the treatment of
patients with thyroid disease.*

An additional consideration that affects the
harmonization of a laboratory test is the varia-
bility of reference intervals (RIs) which are
impacted by the patient population, test
methodology, and the laboratory performing
the assay. Clinical laboratories establish RIs for
each thyroid immunoassay. However, there are
circumstances where laboratories solely dep-
end on manufacturer Rls. Manufacturer Ris are
established by gathering data on populations
either regionally or nationally.?? This poses a
problem for providers because of the varia-
bility that exists between patient populations
in distinct locations. This can compromise a
health care provider’s ability to make sound
clinical decisions regarding a patient’s diag-
nosis and treatment options.

When considering the massive effort
required to accomplish standardization and
harmonization, the implications for manufact-
urers, governing bodies, and clinical labora-
tories are significant. For example, before
implementation of standardization in labor-
atory practice, considerations are necessary to
meet applicable regulatory requirements.
Thyroid disease is prevalent worldwide, and
many countries have clinical practice stand-
ards for disease diagnosis and management.
Standardization will require newly published
guidelines and provider buy-in for thyroid
hormone testing. International laboratory
organizations, general and specialty health-
care providers, laboratory professionals, nurs-
ing professionals, and patient-centered orga-
nizations will require substantial educational
time to prepare for any standardization
efforts.®

Large-scale initiatives for change require a
tremendous amount of time for planning

before implementation. Standardization and
harmonization initiatives are designed to
improve patient outcomes but there are
concerns about the potential increased risks
for patient safety during a change in laboratory
test values and RIs.?> Laboratory reports are a
vital resource for assisting providers with
interpreting laboratory values. During the
transition to standardized thyroid immune-
assays, laboratory administrators in the
clinical laboratories performing tests will need
to design laboratory reports in a manner that
prevents confusion. For example, administra-
tors could provide customized patient reports
including pre- and post-standardization results
and RIs.* Quality management systems in the
laboratory are designed to assess pre-analytic,
analytic, and post-analytic processes in the
laboratory, including changes in laboratory
operations that may lead to non-conforming
events.®? Like other healthcare services, clini-
cal laboratories are looking for ways to
mitigate costs in the services provided.
Standardization and harmonization for each
clinical laboratory must be evaluated to
determine the most cost-effective way to
implement the processes. Keeping in mind not
only reagent costs but also the time contri-
buted to the planning, implementation, and
monitoring of the change.

Discussion

Thyroid diseases are complex conditions that
require a tremendous amount of endocrine
scientific expertise to treat patients. This
expertise includes interpreting TH laboratory
test values. What is clear about TSH, FTA and
TG immunoassays is that there is a multitude
of methods commercially available. For exam-
ple, RIA and IMA for TG are performed in
clinical laboratories worldwide. The develop-
ment of numerous different testing methodol-
ogies has improved analytical sensitivities and
limited interferences. While developing new
methods provides accurate and reliable labora-
tory values, there are additional implications
to consider.
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The overwhelming consensus suggests that
TH testing lack of standardization and
harmonization of the immunoassays contri-
butes to inconsistencies in the diagnosis and
monitoring of thyroid disease.* It is important
to understand that while standardization and
harmonization terms are often used inter-
changeably, each is uniquely different. It is not
always the case that standardizing thyroid
immunoassays will lead to harmonized thyroid
test results and standardized reference meth-
ods are not always necessary for harmonization
of thyroid test results.” The paramount
objective in thyroid immunoassay testing
standardization is the harmonization of test
results so laboratory values from the same
sample are interchangeable no matter the
testing personnel, laboratory, or methodol-
ogy.*4 Experts have recommended three
steps for the standardization and harmoni-
zation to achieve equivalent results between
methods including 1) the use of reference
methods and materials for creating a reference
system, 2) utilizing the reference system for
the development of calibrating measurement
procedures, and 3) evaluate the correlation of
laboratory values throughout each method to
verify the uniformity of patient results from
patient care and research settings.# Overall
benefits for reaching this objective include
improved monitoring of disease progression,
proper utilization of TH testing, and
development of evidence-based practice gui-
delines.*

There are limitations associated with
achieving standardization and harmonization
in the laboratory. First, standards with known
International System of Units (S| units) are not
available for TSH and FT4 immunoassays. The
IFCC approved an international conventional
reference measurement procedure for FT4.
However, because of the intricacies associated
with TSH immunoassays, reference measure-
ment procedures have not been developed.*
This further emphasizes the need to harmonize
thyroid hormone testing.

Second, establishing standardized RIs for
FT4 and TSH immunoassays is a complex issue.

As mentioned previously, laboratories are
inconsistent in establishing dependable RlIs,
making it extremely difficult for providers to
correctly interpret laboratory values. While an
FT4 Rl procedure exists, an attempt to esta-
blish a procedure for TSH is seen as unlikely.?
The IFCC Committee for Standardization of
Thyroid Function Tests (C-STFT) considered
the more logical approach to harmonization as
opposed to standardization. The C-STFT follo-
ws the International Organization for Standard-
ization process for traceability. The C-STFT
completed a multi-assay comparison with
untreated and clinical specimens concluding
that harmonization was feasible.> Harmoni-
zation is possible when immunoassay manu-
facturers are allowed to individually adjust
calibrators using previously established target
means from another method of comparison
with similar sample types. The C-STFT believes
this may allow manufacturers the ability to
develop consistent Rls.>

Third, there is a wide variety of inter-
ferences associated with TH immunoassays
including autoantibodies, reagent antibodies,
and binding proteins. For example, due to the
high prevalence of autoantibodies present in
patients treated for differentiated thyroid
cancer, experts recommend that all TG testing
be performed with an TG antibody measure-
ment."* Considering these interferences, along
with the absence of known SI units and the
complexity with establishing Rls, it is under-
standable why initiatives for reaching harmoni-
zation have yet to be accomplished.

Conclusion

Thyroid disease is prevalent worldwide. Hyper-
thyroidism, hypothyroidism, and thyroid can-
cer diagnosis relies heavily upon TH testing
that is sensitive, accurate and precise. Accu-
racy or trueness of laboratory values means
results produced are close to values derived
from referenced methods. Precision or repeat-
ability means the degree to which a laboratory
can produce the same values.* Considering the
definitions along with the wide variety of
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methodologies available for TH testing empha-
sizes the importance of standardization and
harmonization. RIA, IMA, and LC-MS/MS meth-
ods are all subject to interferences that can be
further complicated by the nature of the
thyroid disease.

Professional groups such as the ATA and C-
TFT recognize the limitations associated with
thyroid testing and are guiding efforts for
standardization and harmonization.>3' While
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Benefits of Implementing Oral Fluid Testing for Opioid Pain Management

Compliance
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An increasing number of adults are treated for chronic pain, making the risk of
opioid misuse much greater. One of the primary compliance strategies in pain
management is drug testing. Drug testing ensures that patients properly take
prescribed medications and can identify aberrant behaviors such as illicit drug use.
Urine is the preferred matrix for drug testing in pain management compliance but
has many drawbacks. Patient care is often negatively impacted due to the
collection process and the difficulties that can occur in the elderly and disabled.
Although new test methods for urine drug testing have advanced, preparation
methods can still be lengthy, and sample tampering is a common element that
continues to affect the accuracy of results.

Oral fluid testing is a viable method with several advantages when compared to
urine testing. Results are easier to interpret, collection methods remove barriers
and avoid sample tampering, and technical procedures are less cumbersome.
Despite the few limitations associated with oral fluid testing, laboratories
implementing oral fluid testing can offer better results using a streamlined
preparation method, with the most significant impact being the elimination of
sample tampering. Implementing oral fluid testing can be considered a positive
contribution to compliance monitoring in pain management.
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Introduction
Pain management compliance measures have
increased exponential concurrently with the
global opioid crisis. According to the Centers
for Disease Control and Prevention (CDC) an
increasing number of adults are being treated
for chronic pain." Common opioids prescribed
for chronic pain include morphine, hydromor-
phone, hydrocodone, oxycodone, methadone,
fentanyl, and buprenorphine. The misuse of
these opioids is more prevalent in chronic pain
patients putting them at an increased risk of
developing opioid use disorder (OUD).% 3 Drug
testing is a valuable component for monitoring
the compliance of prescribed medications.
While drug testing supports compliance meas-
ures, it can also identify therapeutic failures
and detect potential drug interactions. Since
patients are at high risk of misuse, illicit drugs
such as heroin, methamphetamine, cocaine,
and ecstasy are often considered for testing.
Traditionally, urine has been the matrix of
choice for detecting opioids and illicit drugs.
However, oral fluid has emerged as an
alternative matrix. Physiological differences
between urine and saliva allow laboratories to
improve efficiency using preparation methods
requiring a small sample size.? In addition, oral
fluid presents a practical option for stream-
lining the laboratory's drug testing workflow.®
7 Oral fluid provides an additional advantage by
solving the challenge of adulteration common-
ly seen with urine samples. Compared to urine,
oral fluid offers better patient care by
providing a safer and less invasive collection
method. Implementing oral fluid to detect
opioids for pain management compliance imp-
roves sample integrity, simplifies workflow,
and improves patient care.

Urine Testing

Hepatic and Renal Physiology in Drug
Metabolism

Drug metabolism and excretion occur primarily
in the liver and kidneys. There are two general
ways drugs are metabolized and excreted. One
way is the excretion of the drug in the intact

form, and another is metabolism by biotrans-
formation, followed by excretion.® The method
of metabolizing drugs depends on whether the
drug is hydrophilic or hydrophobic. Hydrophilic
drugs are directly excreted through the renal
pathway, while hydrophobic drugs must
undergo metabolic modification through the
liver before excretion.® °

The opioids commonly prescribed for pain
are a combination of hydrophilic and hydro-
phobic drugs, including morphine, hydromor-
phone, hydrocodone, oxycodone, methadone,
fentanyl, and buprenorphine. While the
opioids are tested for compliance, illicit drugs
such as 6-acetylmorphine, d-methamphet-
amine, cocaine, and 3, 4-Methylenedioxy-me-
thamphetamine are often tested since chronic
pain patients have been known to use them in
conjunction with prescribed medication.? In
addition to detecting the parent drug, drug
metabolites are highly concentrated in the
urine and are often measured to ensure the
ingestion of the appropriate dose of medi-
cation.'® Table 1 summarizes the parent drugs,
associated metabolites, and commonly tested
illicit drugs. When including the detection for
metabolites, the half-life of most opioids is one
to four days, except buprenorphine, which can
be detected up to 10 days."

Table 1. Commonly Prescribed Opioids and Associ-
ated Metabolites

Drug Metabolites
Morphine Hydromorphone
Hydromorphone,
Hydrocodone Norhydrocodone &

Dihydrocodeine

Noroxycodone &

Oxycodone Oxymorphone
Methadone EDDP
Fentanyl Norfentanyl &
Hydroxynorfentanyl

Buprenorphine Nobuprenorphine

6-MAM Morphine
Methamphetamine None
Cocaine Benzoylecgonine
MDMA MDA
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Sample Collection, Transport, and Storage
Sample collection, transport and storage
requirements are essential components for the
proper detection of opioids and drug metabo-
lites. The collection of the urine sample does
not require a unique device. Urine samples are
typically collected in a single-use plastic cont-
ainer with the option of a temperature gauge
on the outside of the cup or container.'> 3 The
minimum sample volume can be up to 30mL
and stored for a limited time, depending on
the laboratory's established stability require-
ments." The collection is generally unobser-
ved in a restroom facility within the clinic, and
can create additional patient challenges.
Challenges for urine collection are notable in
elderly or disabled patients. Physical and
mental disabilities should be considered when
initiating collection from patients with
cognitive impairment who may be at risk for
falling due to gait instability.' 13

Instrumentation
Gas chromatography-mass spectrometry (GC-
MS) or liquid chromatography-mass spectro-
metry (LC-MS) are commonly used for urine
confirmation testing.” '° Both instruments sep-
arate and identify molecules based on the
structure and chemical properties.'® ¢ GC sep-
arates the molecules in the gas or vapor phase.
LC separates molecules based on affinity,
absorption, partition, ion exchange, or size
exclusion while in solution.' Although GC-MS
is considered the gold standard in confirmatory
testing, LC-MS is typically preferred due to its
high selectivity, sensitivity, and decreased
drug interferences.'% 7

Despite the preferred qualities of LC-MS,
sample hydrolysis pretreatment is required to
remove matrix interferences and extract drug
targets."”” Hydrolysis of the sample breaks-
down drug-glucuronide conjugates, extending
the detection window of quickly metabolized
drugs.'® Hydrophobic opioids, such as morph-
ine, undergo glucuronidation. As such, this is
an essential step in identifying the metabolism
of the parent compound. Quality control is
required to verify the hydrolysis activity using

control samples containing known amounts of
drug-glucuronide conjugates. Laboratories can
produce a control material by purchasing the
drug-glucuronide conjugates, morphine-68-D-
glucuronide, and buprenorphine-3B-D-glucuro-
nide from manufacturers such as Cerilliant
(Round Rock, TX) or Lipomed (Cambridge, MA).
These standards come in either 1.0 mg/mL or
100 pg/mL. Each standard requires dilution
with a certified negative urine matrix until the
desired target concentration is achieved. Lab-
oratories may also purchase control material
from vendors such as Utak (Valencia, CA).
Custom-made control material can be designed
to meet a desired concentration and comes
ready to use.

Additional considerations in confirmatory
urine testing includes limitations and inter-
ferences that can complicate the inter-
pretation of results. The variation in the enz-
yme activity of cytochrome P450 (CYP450) in
some patients may reduce or increase drug
metabolism.® Since CYP450 enzymes are he-
avily responsible for metabolizing opioids,
gene mutations or drug interferences may
prohibit accurate interpretations. One exam-
ple of drug interference is the commonly
prescribed anti-depressant fluoxetine. Fluoxe-
tine inhibits CYP450 enzymes responsible for
the metabolic process of opioids.'

Workflow

Although the laboratory may select a robust
LC-MS system, the turn-around time of the
testing largely depends on the steps in sample
preparation and the LC-MS method design to
achieve sensitivity and good peak perfor-
mance. Glucuronide metabolism requires
enzymatic hydrolysis in the sample preparation
affecting time from sample collection to result
or turn-around time. There are different ways
to hydrolyze the sample. One way is to
purchase a genetically modified enzyme, such
as IMCSzyme® (IMCS, Inc., Irmo, SC), marketed
to hydrolyze the sample faster than traditional
methods. Laboratories may hydrolyze the
sample using B-glucuronidase from different
sources such as Patella vulgate, Helix pomatia,
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Escherichia coli, bovine liver, or abalone.? In
addition to the hydrolysis method, different
extraction techniques in sample preparation
are also available, such as solid-phase
extraction (SPE) or liquid-to-liquid extraction
(LLE). SPE is considered a simple process with
a short extraction time and uses less solvent,
while LLE demonstrates a high recovery rate
for opioids such as buprenorphine.'”

Validity Testing
In addition to sample hydrolysis and sample
preparation methods in mind, the laboratory
must consider the validity of the sample.
Patients use adulteration techniques to conc-
eal aberrant medication-taking behaviors.? 2!
There are various sample tampering methods,
such as diluting, and substituting using
manufactured and household products.
"Spiking” is another form of adulteration in
which individuals dissolve prescribed medi-
cation into the sample to simulate a positive
result.?? Dilution is accomplished by over-
hydrating to reduce the chance of detecting
targeted drugs, while substitution replaces the
sample with synthetic urine or one obtained
from another person.2" 2324 Although some pa-
tients aim to alter the sample to hide drug
misuse, some patients may unintentionally
dilute the urine by drinking excessive water to
stimulate urination. The chemicals from manu-
factured and household products used to
adulterate the sample interfere with drug
detection and are commonly made up of acids,
alkalis, oxidizing agents, or surfactants.?*

Automated chemistry methods are used to
determine the validity of urine specimens.
Validity tests can include urine creatinine,
specific gravity, and pH. Assays that detect
invalidity are assessed by observing the acc-
eptability criteria expected in human urine.
Urine creatinine concentrations should be
between 80-200 mg/dL, specific gravity in the
range of 1.003-1.035, and pH within 4.7-7.8.%
Validity assay methods use colorimetric reac-
tions measured by absorbance.

Validity results indicate if a urine sample is
clean or adulterated. The Substance Abuse and

Mental Health Services Administration
(SAMHSA) offers guidelines for acceptability
parameters for validity testing based on
creatinine and specific gravity, as summarized
in Table 2. SAMHSA is a sector of the U.S.
Department of Health and Human Services that
develops measures to support overdose
prevention. Forensic laboratories use SAMHSA's
acceptability parameters for validity testing
and can be implemented in clinical lab-
oratories.

Table 2. SAMHSA Classifications of Validity

Classification Creatinine Specific Gravity
Dilute >2and < 20 > 1.0010 and <1.0030

Substituted <2 <1.0010

Substituted <2 >1.020
Invalid <2 > 1.0010 and < 1.020
Invalid 22 < 1.0010

An additional measure to aid in determining
validity or to rule out "spiking" is to observe the
drug metabolites. For example, the confirm-
atory results of patients taking buprenorphine
as prescribed should indicate hepatic
metabolism from the parent drug, buprenor-
phine, to the metabolite, norbuprenorphine.
The presence of norbuprenorphine suggests
that the patient did not "spike" the sample with
the medication at collection. Alternatively,
the metabolite would be absent if the patient
did "spike" the sample. Therefore, it can be
helpful to monitor the concentration of
norbuprenorphine in patients prescribed bup-
renorphine.?% 26

Further, observing the presence of nalox-
one has been used to confirm the ingestion of
buprenorphine. Some buprenorphine formulas,
such as the medication branded Suboxone®
(Indivior, Inc., North Chesterfield, VA) or
Zubsolv® (Orexo US, Inc., Morristown, NJ),
contain naloxone. Naloxone is an opioid anta-
gonist used to reverse opioid overdose.
Naloxone could be considered a validity meas-
ure that ensures the patient has ingested the
medication as directed. Although this may be
a helpful aid in validating the sample, it is not
reliable. Other drugs, such as naloxegol (brand
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name Movantik™), commonly prescribed for
opioid-induced constipation, may cause a false
positive. A false positive could occur since
naloxol is a derivative of naloxone, and the
drug's manufacturing process can leave imp-
urities.?”

When considering validity testing of urine
samples, the cost per test increases. While the
cost for urine confirmation testing may be
similar to the testing of other matrixes,
validity testing should be added to the total
cost per test.

Oral Fluid

Oral Physiology and Drug Metabolism

Saliva is a filtrate of plasma by way of
diffusion. Saliva contains cellular debris,
secretions, and other residues expressed from
the salivary glands in the oral cavity.?? The
passive diffusion of drugs from the blood
through the salivary glands depends mainly on
the pH of the saliva. Other factors include
whether the drug is lipid-soluble, the
percentage of the bound proteins, and the
method by which the drug is administered.® 28
Opioids are weakly basic in pKa and have a low
percentage of bound protein. Opioids also have
a lower molecular weight which causes the
parent drug to be present at higher concen-
trations in the oral fluid. Since oral fluid does
not require the drug to undergo metabolism
before excretion, the detection window or
half-life is shorter, ranging from less than 1
hour to 48 hours.> The sample collection time
should be relatively close to when the patient
was administered the drug.

Sample Collection, Transport, and Storage

The collection of oral fluid can be performed
by passive drool, expectoration, and
commercial devices.?® 2 The passive drool
collection technique is the non-stimulated po-
oling of saliva collected into a container.
Expectoration is a collection method in which
the patient spits into the container. The
passive drool and expectoration collection
methods provide an initial also referred to as a
neat sample free of diluents.?® One benefit of
collecting neat fluid is the ability to split a

single collection into two samples if needed.?
Commercial devices generally use a swab to
absorb the saliva from the oral cavity, and a
transport container with a buffer that stabi-
lizes and preserves the sample for testing.
Swab with transport containers are available
from many manufacturers and are more
popular with patients and collectors due to the
ease of handling. Commercial swabs are more
sanitary than passive and expectoration
collection methods.

One of the main advantages of oral fluid is
the ease of collection and provides improved
patient care. All patients have a safer and
more private experience and significantly
easier for the elderly and disabled populations.
Medical personnel collect the oral fluid in a
safe, controlled environment such as the exam
room or designated collection area. Further-
more, the sample volume requirement is
typically only 1 mL, adding to the benefits of
an oral collection.?® The small sample volume
requirement is beneficial for patients with
kidney dysfunction that are not unable to prod-
uce a sample size to meet that of urine.

Although there are benefits to oral
collection, there are limitations for some
patients. An attempt to collect saliva may be
difficult for those suffering from conditions
causing xerostomia.?’ Xerostomia, or hypo-
salivation or "dry mouth," is when the salivary
gland fails to produce adequate saliva. The
condition is common in patients with
autoimmune disorders such as Sjogren’'s synd-
rome. Additionally, medications and anxiety
can also cause hyposalivation.?*® Though the
sample volume required is low, patients with
the condition may still have difficulty
collecting the minimum saliva volume.

Collecting the sample is vital to achieving
accurate results. With commercial devices, the
procedure must be performed according to the
manufacturer's instructions. Pre-analytical
failures such as not allowing the volume-
adequacy indicator to change color or insuring
the patient's mouth is free of foreign debris can
contribute to test and result interferences.?®
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Instrumentation

The instrumentation for oral fluid testing is
GC-MS or LC-MS.” 0 QOral fluid requires high-
sensitivity instrumentation to detect low
concentrations making the LC-MS the preferred
instrumentation. Compared to GC-MS, LC-MS
methods have high specificity and the
robustness necessary for oral fluid testing.?®
When developing a preparation method, pre-
treatment of the sample may be necessary for
commercial devices that contain a buffer.
However, since oral fluid captures larger
concentrations of the parent drug in the free
fraction form, the sample does not require a
hydrolysis phase eliminating the need for
quality control materials containing drug-
glucuronide conjugates.

Despite the robustness associated with GC-
MS, some limitations and interferences remain
including the pH of patient saliva, improper
collection procedures, and environmental
exposures. The normal range of pH in saliva is
between 5.8 and 6.8.3' Patients with increased
saliva pH due to stimulation of the salivary
flow can decrease the drug concentrations.” 3
One of the methods utilized to stimulate
salivary flow is sucking on citric-acid candy.
This method can increase the salivary pH more
than other methods, such as chewing on
paraffin. Since there is no consensus on
whether pH can be normalized, paraffin is
preferred if salivary flow must be stimulated
for collection.

Workflow
An additional pre-analytical consideration is
the sample preparation method. While SPE or
LLE methods are successful preparation
techniques for oral fluid testing, laboratory
workflow can be reduced with an effective
dilute-and-shoot (DnS) sample preparation me-
thod. The DnS approach is a simple dilution of
the oral fluid by adding LC/MS-grade water
(1:4, v:v) before injecting it into the
instrument for analysis.33 34

Another consideration in the workflow and
the absence of extensive drug metabolism in
oral fluid is that many metabolites may not be

required for testing. Since the parent drug is
most concentrated in oral fluid, laboratories
can consider eliminating metabolite testing
from the method. With fewer drug analytes
requiring analysis, run time is reduced,
decreasing the turn-around time for the
method.

Validity Testing

Validity testing is traditionally a consideration
in drug testing but is not necessary when
testing oral fluid for the clinical setting.
SAMHSA recognizes Immunoglobulin G (IgG)
and albumin as validity test markers. The
antibody, 1gG, and albumin, a polypeptide, are
present in normal human saliva. The normal
range for IgG is 0.1-1.0 mg/L, and the normal
range for albumin is 0.2-0.3 mg/mL.32 3 If the
concentrations fall below the laboratory's
established limit of detection or are absent, it
is an invalid sample." In addition, collections
are performed by clinical staff and observed
and it is unlikely the sample can be mani-
pulated or adulterated.

Another consideration is the utilization of
metabolites and other compounds to support
medication compliance. As with buprenor-
phine-prescribed patients, the parent drug can
be observed independently to monitor patient
compliance and adherence to the prescribed
medication regime. The observation of norbu-
prenorphine or naloxone is unnecessary.

Discussion

The use of oral fluid in clinical toxicology is
gaining momentum. In comparing oral fluid and
urine testing, oral fluid is more useful to
laboratories and provides a better resource for
providers to treat chronic pain patients. The
comparison of the physiological characteristics
of urine and oral fluid is important. In oral
fluid, the passive diffusion of lower-weighted
opioid molecules allows the observation of the
parent drug to determine drug compliance.
Oral fluid is optimal for chronic pain patients
because they are typically in a steady state of
prescribed medications.? Consistent capture of
the parent drug from saliva is a strong
determinant of compliance.
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Although the lower weight of opioid
molecules improves parent drug detection,
oral fluid still requires a high-sensitive instru-
ment to measure small concentrations. GC-MS
and LC-MS can be used, but LC-MS is most
prevalent due to the robustness, sensitivity,
and specificity required for oral fluid.?® In
addition, oral fluid does not require a
hydrolysis step, a DnS preparation is the ideal
method. A quick preparation method such as
DnS decreases laboratory turn-around time,
reducing the amount of solvents and
technician time needed compared to SPE or
LLE.

Despite the preferred qualities of LC-MS
and effective sample preparation methods, the
most significant impact of oral fluid testing is
the improvement in the integrity of the sample
due to preanalytical processes. Urine can be
easily adulterated, but oral fluid collection
ensures that the sample presented for testing
is without impairment. The collection of oral
fluid can be observed without interfering with
a patient’s privacy and significantly reduces or
eliminates adulteration. It also removes the
limitations associated with collecting urine
specimens for patients with physical disabil-
ities. Oral fluid does not need a particular
collection environment and can be obtained
using a manufactured swab and transport
device.

Patient care is improved by testing oral
fluid because providers are able to interpret
the results more easily. The provider's ability
to correctly interpret the results is essential in
determining compliance. Whether providers
can accurately interpret results, especially
those exhibiting adulterated characteristics, is
questionable. Twenty-eight percent of provi-
ders report contrasting interpretations to the
laboratory.* Providers may assume aberrant
medication-taking behaviors if the metabolite
is missing and fail to consider the possibility of
a CYP450 gene mutation that reduces or inc-
reases drug metabolism. The characteristics of

oral fluid and the ability to eliminate adultery-
ation also removes providers' errors in inter-
pretation. Oral fluid identifies the parent drug
and indicates to the providers that a patient is
taking the medication as prescribed.

Despite the many benefits of oral fluid
testing, some limitations should be high-
lighted. Although determining compliance
based on the parent drug is easier to interpret,
it could result in the provider overlooking the
potential identification of a CYP450 mutation.
If the provider is knowledgeable about phar-
macogenomics, the routine absence of the
drug metabolite in urine would lead to further
clinical diagnostics and potentially alter the
patient's treatment plan. A second limitation
of oral fluid testing is the collection from
patients with xerostomia. Patients unable to
produce saliva may have difficulty producing
the minimum volume needed for testing.
Salivary stimulation techniques can affect the
saliva's pH, which may impact the test results.

Conclusion

The misuse of opioids is prevalent in chronic
pain patients and has increased pain manage-
ment compliance measures. A compliance
measure such as drug testing is an element
necessary in proper pain management. Oral
fluid testing improves patient care due to the
ability to capture the presence of prescribed,
non-prescribed, and illicit drugs, and poten-
tially aiding in reducing opioid use disorder.
Oral fluid testing could be useful in testing
other classes of medications, such as
benzodiazepines, that are commonly pre-
scribed in chronic pain patients. More research
is needed to determine whether screening an
oral fluid sample would be beneficial before
definitive drug testing is required. The need
for pain management compliance continues to
grow, and implementing oral fluid testing
provides better sample integrity, streamlined
testing, and better patient care.
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Review article

A Systematic Review of Peer Feedback in Biomedical Laboratory Science
Education: An Effective Tool for Growth, Collaboration and Professional
Development

Filis Necip" and Camilla Christine Qvist’

Department of Pathology, Rigshospitalet, Denmark’

Introduction: Peer feedback is widely recognized and an effective pedagogical
approach that promotes active learning, student engagement and develops
analytical and communication skills. This can provide value in biomedical
laboratory science education where the teaching and training of students in
laboratory techniques, research methodologies, and scientific principles foster
professional development. The objective of this systematic review was to examine
feasible utilization, effectiveness, and quality of peer feedback in biomedical
laboratory science education.

Methods: To guide the systematic approach conducting this review the PRISMA
statement for reporting was used. Cochrane PICO (patient, population, or problem)
method was used to support the comprehensive search strategy to identify
relevant studies. The data extraction process was conducted by one reviewer and
verified by a second to ensure accuracy and consistency. The quality and risk of
bias was assessed using the Cochrane Risk of Bias Tool for randomized controlled
trials. This assessment provided an evaluation of the methodological rigor and
potential sources of bias. Thematic analysis was performed to identify common
themes and patterns.

Results: The final review included 6 studies. Oral and written peer feedback were
the most common evaluated. Several studies did not provide detailed description
of the introduction of the peer feedback activities for the student as well as the
frameset, criteria, or assessment focus. All articles had full focus on the outcomes,
effects, or the students’ opinion of the conducted peer feedback activity. No
studies assessed the quality of the peer feedback.

Conclusion: Peer feedback in biomedical laboratory science education holds
significant potential for enhancing student learning outcomes, professional
development, and preparation for real-world practice. Through an iterative
feedback loop, students develop a deeper understanding of laboratory techniques,
scientific reasoning, and critical thinking skills.
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Introduction

Peer feedback is a widely recognized and
effective pedagogical approach that promotes
active learning and student engagement in
various educational contexts.'3 In the field of
biomedical laboratory science education,
where practical skills and critical thinking are
paramount, the use of peer feedback has
gained increasing attention to enhance
learning outcomes and professional
development.* This systematic review aims to
examine the existing literature on peer
feedback in biomedical laboratory science
education or other related areas, synthesizing
the findings to gain a comprehensive
understanding of the impact, implementation
strategies, and associated benefits and
challenges.

Biomedical laboratory science education
encompasses the teaching and training of
students in laboratory techniques, research
methodologies, and scientific principles
relevant to the biomedical laboratory
sciences. It plays a crucial role in preparing
students for careers in clinical laboratories,
research institutions, and healthcare settings.
Traditionally, biomedical laboratory science
education has relied heavily on instructor-led
assessments and feedback. However, peer
feedback introduces a collaborative and
interactive dimension to the learning process,
allowing students to provide feedback to
peers, learn from each other's experiences,
and develop analytical and communication
skills. 3

The use of peer feedback in biomedical
laboratory science education aligns with the
principles of constructivist learning theory,
which posits that knowledge is actively
constructed through social interactions and
collaboration. By engaging in the process of
peer feedback, students become active part-
icipants in learning, analyzing, and evaluating
their peers' work, and reflecting on individual
practices.® Through this iterative feedback
loop, students develop a deeper understanding
of laboratory techniques, scientific reasoning,
and critical thinking skills.

While peer feedback has been widely
studied in various educational domains, the
specific application and impact in biomedical
laboratory science education requires further
investigation. This systematic review aims to
fill this gap by synthesizing the existing
literature and exploring the research questions
related to peer feedback in an educational
context. The review addresses the following
key aspects:

e Impact on learning outcomes: Examine the
effects of peer feedback on student
learning  outcomes in biomedical
laboratory science education and explore
the extent to which peer feedback
contributes to knowledge acquisition, skill
development, and critical thinking
abilities.

¢ Implementation strategies: Analyze the
different approaches and strategies
employed to implement peer feedback in
biomedical laboratory science education
including the examination of the methods
used to structure feedback sessions,
establish assessment criteria, and facili-
tate student engagement.

e Benefits and challenges: Identify the
benefits and challenges associated with
the use of peer feedback in biomedical
laboratory science education and explore
the advantages of peer feedback, such as
promoting student engagement, fostering
a collaborative learning environment, and
preparing students for teamwork and
professional practice. Additionally, evalu-
ate the challenges related to variability in
student expertise, biases in feedback
provision, time constraints, and emotional
impact.

Systematically synthesizing the existing
literature through evidence-based practices
provides  educators, researchers, and
policymakers with a comprehensive under-
standing of the role and effectiveness that
peer feedback can enhance and improve
learning strategies in biomedical laboratory
science education.
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Methods

Data Sources and Search Strategy
A comprehensive search strategy was
developed to identify relevant studies.
Electronic databases such as PubMed,
Electronic Registration Information Center
(ERIC), and Google Scholar were searched
using a combination of keywords related to
peer feedback, biomedical laboratory science
education, and related terms using Cochrane
PICO.7

Combination of keywords, use of Boolean
operators and truncation (*): "biomedic*
laboratory science” OR bioanal* OR medic*
laboratory students OR “health education” OR
“clinical education” AND Peer feedback OR
peer assessment AND "biomedical laboratory
science education” OR "Collaborative learning”
OR ‘"peer assessment” AND "biomedical
education.” The search was limited to articles
published in English and Danish.

Inclusion and Exclusion Criteria

Inclusion criteria for the studies was
established based on the research question and
the scope of the review. The primary focus was
on empirical research studies investigating the
impact of peer feedback on learning outcomes
in biomedical laboratory science education.
Studies involving undergraduate or graduate
students, as well as conducted in different
educational settings (e.g., universities,
colleges, training programs) and non-peer
reviewed publications were considered.
Studies  exploring the implementation
strategies, benefits, challenges, and student
perspectives related to peer feedback were
also included. Only research articles were
included.

Study Selection

Two reviewers screened the titles and
abstracts of the identified articles to
determine the relevance to the research
question using the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis
Statement (PRISMA). ® Full-text articles
meeting the inclusion criteria were retrieved
for further evaluation. Any disagreements

between the reviewers were resolved through
discussion and consensus. A flowchart was
created to illustrate the study selection
process. (Figure 1).
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Figure 1. Flowchart of study selection process with
number of search results (n) presented as a
decreasing selection process.

Data Extraction and quality assessment

Data extraction involved systematically
extracting relevant information from the
studies. A standardized data extraction form
was developed, including fields such as study
characteristics (e.g., authors, publication
year, study design), participant charac-
teristics, intervention details (e.g., type of
peer feedback, assessment criteria), outcome
measures, and key findings. The data
extraction process was conducted by one
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reviewer and verified by a second to ensure
accuracy and consistency.

The quality and risk of bias of the studies
was assessed using the Cochrane Risk of Bias
Tool for randomized controlled trials. ° The
assessment provides an evaluation of the
methodological rigor and potential sources of
bias.

Data Synthesis and Analysis

A narrative synthesis was conducted to
summarize and analyze the findings from the
studies. The synthesis involved thematic
analysis, identification of common themes and
patterns across the studies. Quantitative data,
such as effect sizes or statistical outcomes,
was summarized and assessed. A meta-analysis
was conducted to provide a summary of the
overall effects of peer feedback.

Limitations

The limitations of the studies, such as sample
size, study design, and potential biases, are
acknowledged.

Results

The majority of the studies included were
conducted in the Nordics countries. Other
studies are from Singapore and Australia. The
sample size of the studies ranged from 77-575
students. All studies included undergraduate
student and bachelor level programs in
biomedical or health education. One study also
included 43 instructors or educators. The
research methodology of peer feedback
assessment included 1 quantitative, 1
qualitative and 4 mixed methods. The
quantitative methodology included questi-
onnaires or grading whereas the qualitative
data conducted narrative comments, focus
groups interviews, semi structured interviews,
and open discussions. Several studies did not
provide a detailed description of the peer
feedback process for the student or the peer
feedback frameset, criteria, and assessment
focus. Two studies provided a detailed
description of the peer feedback process to the
students, the course/feedback setup, and
criteria. No studies assessed the quality of the

peer feedback. All articles included outcomes,
effects, or the students’ opinion of the peer
feedback activity (Table 1).

Discussion
Peer feedback in biomedical science education
is a valuable tool for enhancing student
learning, promoting critical thinking, and
fostering collaboration within the field. '° One
of the prominent findings across the studies is
that peer feedback has a positive impact on
student learning outcomes.'!"'* By engaging in
the process of providing and receiving
feedback from peers, students gain multiple
perspectives on their performance, leading to
a deeper understanding of the subject matter.
Through this iterative feedback loop, students
identify areas for improvement, refine
experimental methodologies, and enhance the
quality of research findings.'® This aligns with
the constructivist approach to learning, where
students actively participate in knowledge
construction through social interactions and
engagement with their peers.®

Peer feedback plays a significant role in the
development of critical thinking skills in
biomedical laboratory science education.* "4
> Through the process of analyzing and
evaluating a peers’' work, students are exposed
to diverse research approaches, methodlogies,
and scientific reasoning.’® The exposure
broadens a student’s perspectives and challe-
nges assumptions, fostering a more robust and
analytical mindset. Furthermore, by providing
constructive criticism and suggestions for
improvement, students refine the ability to
evaluate scientific work objectively and
communicate ideas effectively.'® The develop-
ment of critical thinking skills is essential for
success in the biomedical laboratory science
field, where evidence-based decision-making
and problem-solving are paramount.

Collaboration is another key aspect that
emerges regarding effective peer feedback. In
the clinical setting, collaboration is integral to
the health professions.'* Peer feedback facili-
tates collaboration among students and
prepares them for collaborative work. Through

International Journal of Biomedical Laboratory Science (IJBLS) 2023 Vol.12 No.2: 106 - 113 109



Table 1. Student peer feedback and outcomes in different context of course and feedback activity.

Author  Country Type of Partici- Sample Type of peer Outcome of peer feedback Coch-
(year) course pants size feedback evaluation rane
activity Risk of
Bias
Tool
Colt- Australia Molecular Bachelor of 77 Written Students give extensive, rich, and 2
horpe and cellular  Science students (anonymous) detailed feedback. Improvement
(2014)™ physiology Students peer feedback of student learning outcome was
and feedback greater with peer feedback than
from academics with feedback from academics
alone.
Elle- Denmark, Didactics, Under- 575 Written through Placing students as both receivers 1
gaard Finland, Physics, graduate students electronic and givers of feedback results in
(2022)"  Sweden Microbio- Post- platform, oral or  high student activity. Using
logy, Urban  graduate combination of feedback as a process where
develop- written and oral effect and output is returned to
ment, peer feedback modify next step (feedback loop)
Science (Both anonymous  can support students to drive
projects, and not) their own learning process.
Teachers
Jacob- Denmark  Molecular Biomedical 224 Individual Peer feedback supports students 2
sen Biology and  Laboratory  students written feedback learning and enhances the
(2017)" genetic Science in portfolio and student independency, hours used
analysis students general plenum studying, professionally
feedback from challenged, and combining theory
teachers and practice. Highlights the
significance of thorough
introduction and guidance
implementation peer feedback,
clear frameset of the feedback
and focus on establishing
formative feedback. Yet, the
students demand more individual
feedback from teacher.
Liika- Denmark, All the Biomedical 142 Peer feedback Use information and 2
nen Finland biomedical  Laboratory  students through communication technology results
(2018)"3 laboratory Science 43 information and in more prompt and timely
science students teachers communication feedback. The agency supports
courses technology the peer feedback by document
sharing and voice comments as
feedback option
Yoong Singapore  Not Nursing 164 first Video and Improvement of student 2
(2023)" described students year verbal, peer and  reflective abilities and clinical
students faculty feedback, competence in technical nursing
69 senior  peer tutors skill when using video and verbal
students peer feedback compared to
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control group with only faculty
feedback. Peer video feedback
can be time-consuming and
stressful to the students. An
increase in sense of
empowerment was shown. Peer
feedback was beneficial for both
first year and senior students.
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peer feedback, students learn to communicate
ideas, provide constructive feedback, and
work collectively towards shared goals. The
collaborative learning environment created by
peer feedback nurtures teamwork skills,
interpersonal communication, and the ability
to engage in scientific discourse.' These skills
are crucial for biomedical laboratory scientists
who often work in interdisciplinary teams to
tackle complex scientific challenges.

The effectiveness of peer feedback in
biomedical laboratory science education is
contingent upon several factors. Clear
guidelines and assessment criteria provided by
instructors is essential for ensuring the quality
and relevance of feedback.'" 41> Guidelines
help students provide specific, constructive,
and actionable feedback supporting the growth
and improvement of their peers.'%"" Moreover,
a supportive and respectful learning environ-
ment is crucial for effective peer feedback.
Students should feel comfortable offering and
receiving feedback, and instructors play a vital
role in fostering this atmosphere. Regular
monitoring and feedback from instructors
ensures the accuracy and effectiveness of peer
feedback, providing guidance and direction to
students as they navigate the process. '°

While peer feedback offers numerous
benefits, it is important to acknowledge the
limitations. Variability in student expertise
and experience impacts the quality and depth
of the feedback. Instructors should guide
students in providing feedback that is both
helpful and meaningful. Additionally, time
constraints and workload considerations pose
challenges to the implementation of peer
feedback, especially in large laboratory
science classes.! Balancing the workload and
ensuring sufficient time for students to provide
thoughtful feedback is crucial to maintain the
effectiveness of the process. Some of the key
limitations to consider include:

e Variability in expertise and knowledge:
Students in biomedical laboratory science
education may have different levels of
knowledge and expertise. This variability
impacts the quality and depth of the

feedback. Students with limited under-
standing of the subject matter may
struggle to provide insightful feedback,
while those with greater expertise may
find it challenging to provide feedback at
an appropriate level." Instructors must be
mindful of the differences and provide
support and guidance to ensure that
feedback is meaningful and helpful.

Lack of training: Students may not have
received specific training on how to
provide effective feedback. Without
proper training and guidance, students
may struggle to deliver feedback that is
constructive, specific, and actionable.'®"
This  should be considered when
incorporating training sessions or work-
shops to provide the students with the
skills necessary for giving and receiving
feedback effectively.'

Potential for bias: Peer feedback is subject
to biases, both conscious and unconscious.
Students may have personal biases, such as
favoritism or prejudice, that can influence
the feedback they provide.® Biases can
undermine the objectivity and fairness of
the feedback process. Instructors should
be aware of this potential bias and monitor
the feedback process to ensure its
integrity.

Time constraints: Implementing peer
feedback requires additional time and
resources." In busy laboratory science
courses, time constraints make it
challenging to allocate sufficient time for
students to provide thoughtful feedback.*
Students have commitments that compete
for their time and attention, making it
difficult to dedicate the necessary effort
to provide comprehensive feedback.'
Strategies to manage time effectively and
strike a balance between the benefits of
peer feedback and the demands of the
curriculum should be considered.
Emotional impact: Receiving feedback,
particularly constructive criticism, can
have an emotional impact on students.
Some students may feel discouraged or
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demotivated by feedback that highlights
areas for improvement." It is crucial for
instructors to create a supportive and safe
learning environment where students feel
comfortable receiving feedback and are
encouraged to use it as an opportunity for
growth and development.3®

e Reliability and consistency: Ensuring the
reliability and consistency of peer
feedback can be challenging. Different
students may interpret assessment criteria
differently, leading to inconsistencies in
the feedback.>#'%" |t is important for
educators to establish clear assessment
criteria and guidelines to minimize
subjectivity and promote consistency in
the feedback.

e Limited perspectives: Peer feedback
provides insights from the perspective of
fellow students but may lack the expertise
and experience of instructors or edu-
cational professionals in the field.'® While
peer feedback can be valuable, it should
be supplemented with input from
instructors who can provide expert guid-
ance and ensure the accuracy and depth of
feedback.

Addressing the limitations requires careful
planning, training, and ongoing evaluation of
the peer feedback process. Instructors must
provide clear guidelines, training, and support
to students, monitor the feedback process for
fairness and objectivity, and ensure a support-
ive learning environment where feedback is
viewed as a constructive tool for growth.

Conclusion

Peer feedback in biomedical laboratory
science education, specifically in the context
of clinical education, holds significant poten-
tial for enhancing student learning outcomes,
professional development, and preparation for
real-world practice.* Despite the potential
benefits of peer feedback in clinical education
within the field of biomedical laboratory
science, there is a notable lack of research
specifically focused on this area. While peer

feedback has been widely studied in other
educational contexts, such as general
healthcare education or medical education,
limited attention has been given to the
application and effectiveness in the context of
biomedical laboratory science clinical
education.

The lack of research can be attributed to
several factors. Clinical education in bio-
medical laboratory science often receives less
emphasis compared to other healthcare
professions, such as medicine or nursing. As a
result, research funding and resources may be
directed towards other areas, leading to a
dearth of studies specifically investigating the
use of peer feedback in clinical education
within the field. Given the limited research
conducted on peer feedback in clinical
education within biomedical laboratory scien-
ce, there is a need for further investigation to
explore the potential benefits and challenges.

Collaboration between instructors, edu-
cators, and teaching practitioners from the
clinical environment and the universities is
essential to address the research gap in this
area.* By conducting rigorous studies and
sharing best practices, the biomedical lab-
oratory science community can generate
evidence to inform educational strategies and
optimize the integration of peer feedback in
clinical education. Such research endeavors
will contribute to enhancing the quality of
biomedical laboratory science education and
preparing students for successful careers in the
field.
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