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Research Objective

To evaluate potential renal transporter biomarkers, 

such as pyridoxic acid (PDA) and homovanillic acid 

(HVA), identified in prior in vitro and in vivo studies for 

their relevance to OAT1/3 transporters. This review 

focuses on the effects of intrinsic and extrinsic 

factors, including disease state impacts, on 

biomarker baseline level variations in humans

Background story (aka. Introduction)

Literature search & review 
strategy (aka. Method)

Abbreviations
AAAD Aromatic amino acid decarboxylase ADHD attention 

deficit hyperactivity disorder ALP alkaline phosphatase 

AO aldehyde oxidase COMT catechol-O-

methyltransferase CYP cytochrome P450 enzymes DDI 

drug drug interaction ESRD end stage renal disease HVA 

homovanillic acid MAO monoamine oxidase PDA pyridoxic 

acid RA rheumatoid arthritis TH tyrosine hydroxylase 
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Example 1: Pyridoxic acid4*

Thought Process Schematic: How & What To Consider During 
Biomarker Level Measurement In The Context Of Renal Transporter 
Mediated Drug Interaction Assessment4*

Key messages
• Complexities of Renal Transporter-Mediated Drug Interactions: Our research identifies key intrinsic, extrinsic, and disease-state factors 

impacting baseline biomarker levels, crucial for accurate biomarker-based assessments.

• Implications for Oncology: Findings highlight the need to understand how conditions like cancer affect biomarker levels in oncology trials, 
which involve patients with pre-existing conditions, contrasting with non-oncology trials that mostly involve healthy volunteers.

Example 2: Homovanillic acid

Drug Interaction Assessment in 
Clinical Drug Development1-3

Transporter

CYP enzyme

Concomitant 
medication(s)

Mediated Drug 
interaction

DDI risk 
Assessment

What if,

Utilizing endogenous biomarkers3 to assess 
transporter mediated drug interaction in early 
phase I studies potentially circumventing the 

need for standalone clinical DDI studies?

Potential benefits Potential challenges

• Safe
• Saving time
• Saving cost

• Baseline level measurements
• The influence of intrinsic 

and extrinsic factors, and 
the impact of disease state 
on the baseline

Then,

How to overcome challenges?

Extrinsic factors

Intrinsic factors

Disease impact

Endogenous 
biomarker

Disease Impact Examples
Malignancy type, e.g. colorectal, breast
Inflammatory disorders, e.g. RA
Renal/hepatic impairment
Neurological disorders e.g. ADHD, 
Schizophrenia, Psychosis, Drug addiction

Synthesis

Food Drug

Renal Transporters

Metabolomics

Genetic variation

Pharmacogenomics

AgeEthnicity

Environmental/social factors

Clinical  Development

In vitro 
study

Early Phase I 
studya

DDI study

Labeling & 
medication therapy 

managementb 

Metabolism

aRefers to phase I clinical trials (in healthy volunteers or in cancer
patients in oncology clinical trials) conducted prior to a phase I DDI 
study. 
bOnce the drug label (package insert) is approved and available, 
pharmacists and/or healthcare providers use it to manage 
medication therapy (pharmacotherapy). The drug label functions as 
the written rule, with medication therapy being the actual execution 
of that rule. Together, these two components ensure safe and 
effective treatment.

CYP enzymes

Multiple factors impacting biomarker levels Results

Intrinsic factor Synthesis5
Proportional ↑ of plasma biomarker level, to vitamin 

B6 catabolism

Extrinsic factor
Vitamin B supplement intake5,6 2.39-fold change of plasma baseline level

Drug – oral contraceptive5,7 1.54-3.00-fold change of plasma baseline level

Diseases

Colorectal malignancy8,9 Up to 0.946-fold change of plasma baseline level

Rheumatoid arthritis10 0.727-fold change in urine; no change in plasma

ADHD11
• Untreated: 1.24-fold change in plasma

• Treated with methylphenidate:1.02-fold change

ESRD12, chronic liver disease13

• ↑ in plasma baseline in ESRD patient (inclusive of 

hemodialysis and chronic renal impairment)12,c ;

• 0.697-fold change in plasma baseline in chronic 

liver disease13

If so, what are the potential benefits and 
challenges of integrating this approach4*?

In vitro

In vivo/clinical

Risk 
characterization

Risk management & 
continuous 
monitoring

• This review utilized the PubMed database. A keyword search was conducted 
using the following terms: (“selected biomarker-PDA/ HVA”) AND ((food) OR 
(drug) OR (renal impairment OR hepatic impairment OR cancer OR pediatric 
OR special population OR transplant))

• Retrieved literature was categorized into intrinsic factors, extrinsic factors, 
and disease state impact after reviewing titles and abstracts, with the 
framework refined iteratively

Sequence for connecting available information 

Indication for potential information inter-connection

Vitamin B6
pyridoxine

Pyridoxine 5’-
phosphate

Pyridoxal 5’-
phosphate

Pyridoxal Pyridoxic acid

Figure 1: Conversion of Vitamin B6 to Pyridoxic acid5

Table 1. Impact of Intrinsic & Extrinsic Factors and Disease States on PDA Baseline Levels4*

*: Note on Publication

The core content of this poster was submitted for abstract consideration before it was 
accepted for manuscript publication on June 13, 2024. Since the abstract submission on 
April 09, 2024, a portion of this work has been published in Clinical Pharmacokinetics, 
Volume 63. This poster expands upon the published research by including additional data 
and insights not covered in the original publication, with no concerns regarding copyright.

ALP TH

Tyrosine

Figure 2: Conversion of Tyrosine to Homovanillic acid14

DOPA Dopamine

3,4,-Dihydroxy
phenylacetic acid

3-Methyl
tyramine

Homovanillic 
acid

AO AAAD

Table 2. Impact of Intrinsic & Extrinsic Factors and Disease States on HVA Baseline Levels

c: As of September 2nd, 2024, only abstract was accessible; therefore, no numerical value is reported in the Table 1 &2. 
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