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Background: Identification of laboratory parameter clinical safety signals depends on the

terminology and scoring criteria. Grade 1 scoring criteria in the Common Terminology

Criteria for Adverse Events (CTCAE) is typically based on the healthy volunteer reference

range (HVRR). The objectives of this study were to determine 1) what laboratory parameters

in individuals with diabetes are potentially different from the HVRR and 2) what fold change

from baseline should be expected in this population.

Materials and Methods: Baseline data from the individuals with diabetes clinical trial data

(TransCelerate dataset) were compared to the HVRR using a 10% threshold above HVRR to

classify laboratory parameters as potentially different from the HVRR. These parameters

were then evaluated longitudinally to determine the expected x-baseline values for indivi-

duals with diabetes for potential use in identifying drug-induced changes.

Results: The baseline data determined that 28% of the laboratory parameters evaluated were

potentially different from the HVRR. Longitudinal data analysis determined 1) thresholds for

13 of these laboratory parameters with the subjects above the threshold having greater

variability than those below the threshold, and 2) the expected upper limits (x-baseline)

were calculated for the laboratory parameters. For example, a 1.8–2.6 x-baseline value for

alanine aminotransferase, depending on how the baseline is calculated, is expected in

individuals with diabetes.

Conclusion: It is not uncommon for laboratory parameters in individuals with diabetes

clinical trials to be potentially different from the HVRR, and the x-baseline criteria for 13 of

these laboratory biomarkers was determined for this population. This suggests consideration

in modifying the current CTCAE grade 1 criteria of >1.5–3.0 x-baseline should be further

investigated as to if the current criteria detects too many false-positive signals in this

population.

Keywords: diabetes, biomarkers, reference range, laboratory parameter, pharmacovigilance

Introduction
Identification of potential clinical safety signals (adverse event: AE) is imperative

during the clinical development of investigational new drugs/molecules to ensure

the safety of the individuals and to determine the risk–benefit balance of the

molecule. Safety signals are typically recorded using Medical Dictionary for

Regulatory Activities (MedDRA) terms with laboratory parameters under the

System Organ Classification of “Investigational” and each AE is based on

a laboratory parameter being the preferred term (PT). For example, activated partial
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thromboplastin time prolonged, alanine aminotransferase

increased, cholesterol high and CPK increased are the PT

AE terms for some laboratory parameters.

The severity score for the laboratory parameters is based

on the Common Terminology Criteria for Adverse Event

(CTCAE) or similar scoring criteria. The lowest CTCAE

severity is grade 1 with the definition of “mild; asymptomatic

or mild symptoms; clinical or diagnostic observations only;

intervention not indicated”. Table 1 shows the CTCAE grade

1 criteria differences for some of the laboratory parameters

between version 4.03 and version 5.0.1,2 In version 4.03 the

grade 1 criteria were based solely on the healthy volunteer

reference range (HVRR) upper limits of normal (ULN).

However, these definitions were modified in CTCAE version

5.0 for the liver function laboratory parameters to also

include fold change from baseline, if the baseline value

(prior to subject getting the drug) was above the HVRR

ULN. This change in the grade 1 criteria was to help identify

potential clinical safety signals in individuals that had ele-

vated liver function tests at baseline, such as patients with

NASH or liver metastases. However, based on a pilot study

recently reported, we know that liver function laboratory

parameters are not the only laboratory parameters above the

HVRRULN at baseline, but rather approximately 25% of the

laboratory parameters across various patient populations

evaluated were above the HVRR ULN.3

Based on general medical knowledge it is already

known that liver function tests and pancreatic enzymes

are abnormal in individuals with diabetes: alanine amino-

transferase, aspartate aminotransferase, alkaline phospha-

tase, amylase, gamma-glutamyl transferase, and lipase are

elevated in 9–18%, 3–10%, 3–9%, 3–12%, 6–19% and

11–20% of the individuals, respectively.4–7

Determining if a change in CTCAE grade 1 criteria was

needed for laboratory parameters, in addition to the liver

function parameters and pancreatic enzymes, a large dataset

of longitudinal data points was necessary. The objective of

this study was to use the individuals with diabetes dataset

from the TransCelerate Placebo Standard of Care (PSoC)

project to determine if laboratory parameters are potentially

different from the HVRR and based on the within-subject

variability, what fold change from baseline should be

expected in PSoC individuals with diabetes.

Materials and Methods
Dataset
Individuals with diabetes data were selected from batch 6

of the TransCelerate BioPharma PSoC products. A full

description of the PSoC dataset is contained in the White

Paper published by the collaborative8 Briefly, companies

within the consortium contribute data from PSoC arms of

their studies in the standard format. All subjects were

deidentified. Institutional review board (IRB) or ethics

committee review was done by each individual company

before initiating their clinical trial and so no additional

IRB or ethics committee review was necessary for this

specific manuscript. All consortia member companies

have access to the full dataset, but it is not freely acces-

sible to the scientific community.

Therefore, the PSoC database incorporates a large

volume of Good Clinical Practices (GCP)-compliant clinical

trial data (comprised of both placebo and standard of care) to

facilitate the development of innovative drug products. There

were 15 clinical trials in the individuals with diabetes

TransCelerate database, batch 6 (Table 2). The protocols for

each clinical trial were reviewed in ClinTrials.gov to ensure

only data from similar populations were evaluated. Study

000001 consisted of patients with anemia in chronic kidney

disease and study 12450048 were individuals with diabetes

and hypertensive disorder and were thereby excluded from

further analysis. In addition, the data from study 12180036

were excluded from further analysis due to technical issues.

The total number of subjects analyzed with laboratory para-

meter values were 2825.

Table 1 Common Terminology Criteria for Adverse Event

(CTCAE Grade 1 Scoring Definitions)

Adverse Event Grade 1 Grade Criteria

CTCAE v4.031 CTCAE v5.02

Activated partial

thromboplastin

time prolonged

>ULN - 1.5 x ULN >1.5–2.5 x ULN

Alanine

aminotransferase

increased

>ULN - 3.0 x ULN >ULN - 3.0 x ULN if

baseline was normal;

1.5–3.0 x baseline if

baseline was abnormal

Aspartate

aminotransferase

increased

>ULN - 3.0 x ULN >ULN - 3.0 x ULN if

baseline was normal;

1.5–3.0 x baseline if

baseline was abnormal

Cholesterol high >ULN - 300 mg/dL;

>ULN - 7.75 mmol/L

>ULN - 300 mg/dL;

>ULN - 7.75 mmol/L

CPK increased >ULN - 2.5 x ULN >ULN - 2.5 x ULN

Creatinine

increased

>1–1.5 x baseline;

>ULN - 1.5 x ULN

>ULN - 1.5 x ULN

Lipase >ULN - 1.5 x ULN >ULN - 1.5 x ULN
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Table 2 Studies

Study Population Study ID Subject

Number

Title Study

Duration

Anemia in chronic

kidney disease

000001 2026

Type 2 diabetes

mellitus

12180015 130 A Randomised, Double-Blind, Placebo Controlled, Parallel Group 24 Week

Study to Assess the Efficacy and Safety of BI 1356 (5 mg) in Combination

With 30 mg Pioglitazone (Both Administered Orally Once Daily),

Compared to 30 mg Pioglitazone Plus Placebo in Drug Naive or Previously

Treated Type 2 Diabetic Patients with Insufficient Glycaemic Control

24 weeks

Type 2 diabetes

mellitus

12180016 167 A Randomised, Double-Blind, Placebo-Controlled Parallel Group Efficacy

and Safety Study of BI 1356 (5 mg Administered Orally Once Daily) Over

24 Weeks, in Drug Naive or Previously Treated (6 Weeks Washout) Type 2

Diabetic Patients with Insufficient Glycemic Control

24 weeks

Type 2 diabetes

mellitus

12180017 177 A Randomised, Double-Blind, Placebo-Controlled Parallel Group Efficacy

and Safety Study of BI 1356 (One Dose, eg 5 mg), Administered Orally

Once Daily Over 24 Weeks, With an Open Label Extension to 80 Weeks

(Placebo Patients Switched to BI 1356), in Type 2 Diabetic Patients with

Insufficient Glycaemic Control Despite Metformin Therapy

80 weeks

Type 2 diabetes

mellitus

12180018 263 A Randomised, Double-Blind, Placebo-Controlled Parallel Group Efficacy

and Safety Study of BI 1356 (5 mg) Administered Orally Once Daily Over

24 Weeks, With an Open-Label Extension to One Year (Placebo Patients

Switched to BI 1356), in Type 2 Diabetic Patients with Insufficient

Glycaemic Control Despite a Therapy of Metformin in Combination with

a Sulphonylurea

24 weeks

Type 2 diabetes

mellitus

12180036

NCT00954447

627 A Phase III Randomised, double-blind, placebo-controlled, parallel group

efficacy and safety study of linagliptin (5mg), administered orally once daily

for at least 52 weeks in type 2 diabetic patients in combination with basal

insulin therapy

52 weeks

Type 2 diabetes

mellitus

12450019

NCT01210001

165 A randomized, double-blind, placebo controlled, parallel group efficacy and

safety study of BI 10773 (10 and 25 mg administered orally once daily) over

24 weeks in type 2 diabetic patients with insufficient glycaemic control

despite background therapy with Pioglitazone alone or in combination with

metformin

24 weeks

Type 2 diabetes

mellitus

12450023

NCT01159600

437 A Phase III randomized, double-blind, placebo-controlled, parallel group,

efficacy and safety study of BI 10773 (10 mg, 25 mg) administered orally,

once daily over 24 weeks in patients with type 2 diabetes mellitus with

insufficient glycaemic control despite treatment with metformin alone on

metformin in combination with a sulfonylurea

24 weeks

Type 2 diabetes

mellitus

12450036

NCT01164501

319 A Phase III, randomized, double-blind, placebo-controlled, parallel group,

efficacy and safety study of BI 10773 (10 mg and 25 mg administered once

daily) as add on to pre-existing antidiabetic therapy over 52 weeks in

patients with type 2 diabetes mellitus and renal impairment and insufficient

glycaemic control C-SCADE-5

52 weeks

Type 2 diabetes

mellitus:hypertensive

disorder

12450048

NCT01370005

271 A Phase III randomized, double-blind, placebo-controlled, parallel group,

efficacy and safety study of BI 10773 (10 mg, 25 mf) administered orally,

once daily over 12 weeks in hypertensive patients with type 2 diabetes

mellitus

12 weeks

(Continued)
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Baseline data was defined as the minimum

laboratory day (lbdy) in a study data tabulation model

(SDTM). If an individual had more than one value for

a specific test on the baseline date, one of the values was

randomly selected by assigning a random number from

a uniform distribution and choosing the minimum random

number.

Longitudinal data was all lbdy in the study tabulation

model (SDTM) and all laboratory parameter values were

analyzed for each subject.

Data Analysis
Data for this paper comes from two SDTM tables: LB

(laboratory) and DM (demographics). The healthy volun-

teer reference ranges may be different within and between

studies as they are determined at the laboratory doing the

sample analysis. To eliminate the influence of different

reference ranges, all laboratory values were normalized

to the ULN by dividing the value by the ULN, on an

individual sample basis. Most data processing was done

in SAS Enterprise Guide Version 7.15 on the AZ SAS

Grid installation.

Laboratory parameters with at least 400 subjects were

analyzed and interpreted, based on the average number

(between 300 and 500) of subjects recommended for

a reference interval.9

A laboratory parameter in a population was deemed

potentially different from the HVRR if greater than 10% of

the laboratory values from the population were above the

ULN. The 10% threshold is four times higher than the

expected percentage (2.5%), based on the definition of

HVRR and was selected as a clinically meaningful differ-

ence to minimize the risk of false positives (classifying

a laboratory parameter as different from the HVRR).

Longitudinal data analysis was based on the normal-

ization of the data at each time point to the first (baseline)

value for that subject and reported as x-baseline. An esti-

mate of the maximum x-baseline expected for PSoC indi-

viduals with diabetes was determined using the following

formula with the 95%upper limits (UL) of coefficient of

variation (CV) being the mean within-subject percent

coefficient of variation plus two times the standard error

of the mean: (baseline value + (baseline values * 95%UL

of STD * z))/baseline with z = 1.96. This formula assumed

Table 2 (Continued).

Study Population Study ID Subject

Number

Title Study

Duration

Type 2 diabetes

mellitus

D1680c00001 264 A 52-Week International, Multi-centre, Randomized, Parallel-group,

Double-blind, Active-controlled, Phase III Study With a 52-Week Extension

Period to Evaluate the Safety and Efficacy of Saxagliptin in Combination with

Metformin Compared with Sulphonylurea in Combination with Metformin

in Adult Patients with Type 2 Diabetes Who Have Inadequate Glycaemic

Control on Metformin Therapy Alone

52 weeks

Type 2 diabetes

mellitus

D1680c00005 258 A 24-Week International, Multi-Centre, Randomized, Parallel-Group,

Double-Blind, Placebo-Controlled, Phase III Study to Evaluate the Efficacy

and Safety of Saxagliptin in Adult Patients with Type 2 Diabetes Who Have

Inadequate Glycaemic Control with Diet and Exercise

24 weeks

Type 2 diabetes

mellitus

H9XMCGBDA 141 A Randomized, Placebo-Controlled Comparison of the Effects of Two

Doses of LY2189265 or Exenatide on Glycemic Control in Patients with

Type 2 Diabetes on Stable Doses of Metformin and Pioglitazone (AWARD-

1: Assessment of Weekly Administration of LY2189265 in Diabetes-1)

52 weeks

Type 2 diabetes

mellitus

H9XMCGBDC

NCT01149421

268 The effect of LY2189265 on blood pressure and heart rate, as assessed by

ambulatory blood pressure monitoring, in patients with type 2 diabetes

mellitus

16 weeks

Type 2 diabetes

mellitus

H9XMCGBDN

NCT01126580

250 The impact of LY2189265 versus metformin on glycemic control in early

type 2 diabetes mellitus (AWARD-3) assessment of weekly administration

of LY2189265 in diabetes-3

52 weeks

Notes: All 15 studies within the database are listed in this table although only 12 studies were analyzed. Studies 000001, 12450048 and 12180036 were excluded from

further analysis.
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the baseline value was roughly the mean for the subject,

which would be accurate if using multiple values for

determining the baseline. However, when only one base-

line value was measured, this baseline value could be the

minimal expected value and so for single baseline mea-

surements the following formula was used to determine

the x-baseline upper limit: (baseline value + (baseline

value * 95%UL of CV * 1.96 * 2))/baseline, since the

minimum value would be two standard deviations below

the actual mean value.

Results
Studies
The distribution of sample numbers across the remaining

studies ranged from 130 to 437 individuals in each study.

Therefore, it is unlikely that data in one clinical trial should

have a disproportionate impact on the final data interpretation.

Demographics
Demographics of the 12 studies being evaluated from the

individuals with diabetes dataset shows some differences

between studies (Table 3). Subject age cannot be evaluated

as this demographic is missing from most studies, prob-

ably due to the method used by companies for de-

identification. As expected, individuals with diabetes

were roughly 50% female (35% to 55%). Of interest, the

ethnicity varied greatly between the studies: most studies

were majority white (n=6 studies), two studies were split

between white and other, and four studies had higher

levels of Asian (36% to 100%).

Baseline
All of the laboratory parameters evaluated for each of the

twelve studies are listed in Tables 4 and 5. The results for

the laboratory parameters with baseline values in less than

400 subjects or any results evaluated in just one study are

shown in Table 4 but due to the limited datapoints were

not interpreted as to a laboratory parameter being poten-

tially different from the HVRR.

The list and results of the laboratory parameters eval-

uated in at least 400 individuals and in at least two studies

are in Table 5. As expected, the glucose levels in most

individuals with diabetes (72.5%) were above the HVRR

ULN. In total, approximately 28% of these laboratory

parameters (Glucose along with 17 others) were poten-

tially different from the HVRR.

Longitudinal
All laboratory parameters that were evaluated in at least

400 subjects, at a minimum of two timepoints per subject

and in at least two studies were evaluated longitudinally to

determine the number of laboratory values (tests) that were

above the HVRR ULN (Table 6). There were 32 labora-

tory parameters in which none of the studies had more

than 10% of the values above the HVRR ULN (Table 6

footnote). The other 32 laboratory parameters evaluated

had greater than 10% of the tests above the HVRR ULN in

at least one of the studies. Evaluating the total tests,

approximately 33% (21 out of 64) of the laboratory para-

meters were potentially different from the HVRR.

The 21 laboratory parameters that were potentially

different from the HVRR based on longitudinal analysis

Table 3 Demographics of the Subject in the Twelve Studies

Study Age (yr;

Mean)

%

Female

%

Asian

% Black or African

American

%

Multiple

%

Other

%

White

% Race Not

Specified

12180015 ND 35 24.6 0.0 0.0 0.8 74.6 0.0

12180016 ND 53 45.5 0.0 0.0 0.0 53.9 0.6

12180017 ND 43 17.5 0.0 0.0 1.1 78.0 3.4

12180018 ND 52 53.2 0.4 0.0 0.4 43.3 2.7

12450019 ND 55 0.0 0.0 0.0 59.4 35.2 5.5

12450023 ND 47 0.0 0.0 0.0 52.2 46.0 1.8

12450036 ND 43 36.4 1.3 0.0 0.0 58.3 4.1

D1680C00001 ND 39 22.0 0.0 0.0 0.0 78.0 0.0

D1680C00005 ND 46 100.0 0.0 0.0 0.0 0.0 0.0

H9XMCGBDA 54.58 41 4.3 7.1 1.4 14.2 73.0 0.0

H9XMCGBDC 55.28 55 7.5 5.2 1.5 10.8 75.0 0.0

H9XMCGBDN 56.48 48 9.2 8.8 0.4 0.4 81.2 0.0

Notes: ND – not determined, the information was not in the database. Other = “American Indian or Alaska Native”, “Native Hawaiian or other Pacific Islander” or “Non-

White”.
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were plotted to determine if there was a difference in the

natural variability between tests/subjects that were above

the HVRR ULN versus those that were not (Figure 1).

Thirteen of the 21 had a cutoff that was visibly distin-

guishable: Alanine aminotransferase = 1.5xULN,

C-peptide = 1.5xULN, chemistry Creatinine =1.0xULN,

Gamma Glutamyl Transferase = 1.5xULN, Glucagon =

1.0xULN, Lipase = 1.5xULN, Proinsulin = 2.0xULN,

Triglycerides = 1.5xULN, Urate = 1.2xULN, Insulin =

2.0xULN, Hemoglobin A1C/Hemoglobin = 1.0xULN,

Albumin = 10.0xULN, and Urea = 1.5x ULN. Cutoffs

could not be determined for the other eight laboratory

parameters.

The mean within-subject variability as measured by

the percent coefficient of variation (%CV) was calculated

for the 13 laboratory parameters that had a cutoff. It was

calculated per study and for the total population in the

twelve evaluated studies (Table 7). For all laboratory

parameters, the within-subject variability was higher in

the group above the cutoff than in the group below the

cutoff.

The upper 95% confidence interval (95% CI) limit of the

within-subject variability from the total population was used

to calculate the upper limit of the expected (based on PSoC

within-subject variability) x-baseline using a 95% CI. These

values are in the column labeled “baseline = mean”, since the

formula used calculates the 95% CI from the mean (Tables 8

and 9). However, it is never known if the baseline value is the

subjects mean value or if it could be the lowest expected

value for that subject. Therefore, the column labeled baseline

= minimum is the maximum potential x-baseline that should

be observed for a subject (based on the 95% CI).

Discussion
The Objectives of this study were to determine 1) what

laboratory parameters in individuals with diabetes were

Table 4 Laboratory Parameters Reported in <400 Subjects or in Only One Study

Laboratory Parameter Number of

Studies

Number of Subjects with

a Baseline Value

% of Subjects with Value

>ULN at Baseline
Category

(LBCAT)

Test (LBTEST)

Chemistry Albumin/Creatinine 1 259 24.3*

Chemistry Aldosterone 1 236 20.8*

Chemistry Brain Natriuretic Peptide 1 105 24.8*

Chemistry C Reactive Protein 1 241 48.1*

Chemistry Calcitonin 3 239 0.8

Chemistry Cholesterol/HDL-Cholesterol 1 246 23.6*

Chemistry Creatine Kinase MB 7 193 25.4*

Chemistry Cystatin C 1 125 3.2

Chemistry Indirect Bilirubin 3 12 75.0*

Chemistry Insulin, Total HL7 2 330 27.6*

Chemistry Insulin, Total HM6 1 29 48.3*

Chemistry Insulin, Total L17 2 138 32.6*

Chemistry Metanephrine 1 72 0

Chemistry N-Acetyl Glucosamide/Creatinine 1 124 79.8*

Chemistry Non-HDL Cholesterol 1 246 0

Chemistry Normetanephrine 1 216 2.8

Chemistry Renin Activity 1 119 45.4*

Chemistry Sex Hormone Binding Globulin 1 1 0

Chemistry Testosterone 1 2 0

Chemistry Thyrotropin 4 22 13.6*

Chemistry Troponin I 2 5 100*

Hematology Neutrophils Band Form 1 1 0

Hematology Reticulocytes/Erythrocytes 3 184 2.7

Serology Anti-Exenatide (Ly2148568) Antibodies 1 4 0

Urinalysis Alpha-1 Microglobulin 2 135 27.4*

Urinalysis Alpha-1 Microglobulin/Creatinine 2 134 30.6*

Notes: *The baseline value greater than 10% of the individuals with diabetes was higher than the healthy volunteer reference range (HVRR) upper limits of normal (ULN).
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Table 5 Laboratory Parameters Reported in >400 Subjects and in at Least Two Studies

Laboratory Parameter Number of

Studies

Number of Subjects with

a Baseline Value

% of Subjects with Value

>ULN at Baseline
Category

(LBCAT)

Test (LBTEST)

Chemistry Alanine Aminotransferase 12 2825 15.5*

Chemistry Albumin 12 2825 3.3

Chemistry Alkaline Phosphatase 12 2825 7.2

Chemistry Amylase 7 1390 6.3

Chemistry Amylase, Pancreatic 3 653 4.6

Chemistry Apolipoprotein A1 3 907 0.8

Chemistry Apolipoprotein B 3 907 8.5

Chemistry Aspartate Aminotransferase 12 2825 6.4

Chemistry Bicarbonate 3 921 8.0

Chemistry Bilirubin 12 2825 2.3

Chemistry Blood Urea Nitrogen 4 903 3.3

Chemistry C-peptide 4 904 6.4

Chemistry Calcium 10 2303 5.5

Chemistry Chloride 5 1443 0.9

Chemistry Cholesterol 12 2783 22.4*

Chemistry Creatine Kinase 12 2825 10.3*

Chemistry Creatinine 12 2825 8.6

Chemistry Creatinine Clearance 5 1167 48.8*

Chemistry Direct Bilirubin 6 632 0.8

Chemistry Free Fatty Acid 3 897 8.5

Chemistry Gamma Glutamyl Transferase 10 1447 17.8*

Chemistry Glomerular Filtration Rate 3 921 0

Chemistry Glucagon 3 768 5.1

Chemistry Glucose 9 1912 72.5*

Chemistry HDL Cholesterol 12 2780 1.3

Chemistry Insulin 4 880 21.8*

Chemistry LDL Cholesterol 12 2762 14.5*

Chemistry Lactate Dehydrogenase 7 1653 4.8

Chemistry Lipase 6 1574 16.8*

Chemistry Magnesium 3 921 0.3

Chemistry N-Terminal ProB-type

Natriuretic Peptide

3 428 20.3*

Chemistry Phosphate 7 1658 3.3

Chemistry Potassium 12 2824 3.5

Chemistry Proinsulin 3 548 25.9*

Chemistry Protein 9 2180 3.4

Chemistry Sodium 12 2825 0.6

Chemistry Triglycerides 12 2795 24.3*

Chemistry Urate 10 2303 12.3*

Chemistry Urea 6 1259 7.4

Hematology Basophils 12 2803 0.1

Hematology Basophils/Leukocytes 5 1442 0

Hematology Eosinophils 12 2803 4.5

Hematology Eosinophils/Leukocytes 5 1442 9.6

Hematology Erythrocyte Mean Corpuscular

HGB Concentration

3 621 0

(Continued)
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potentially different from the HVRR and 2) what x-base-

line should be expected in PSoC individuals with diabetes.

The TransCelerate database consisting of PSoC clinical

trial data from across pharmaceutical companies contained 15

studies in the individuals with diabetes dataset, but only 12 of

the studies consisting of approximately 2800 subjects had

similar individual definitions and were further analyzed. The

demographics did vary between studies with some being

mainly white while one was 100% Asian, but no obvious

demographic influences were observed within the data

analysis.

Of the 64 laboratory parameters with baseline data

from at least 400 subjects approximately 28% where con-

sidered potentially different from the HVRR, based on the

definition of more than 10% of the subject baseline values

being above the HVRR ULN. This 10% threshold was

chosen to decrease the chance of false-positive classifica-

tion of a laboratory parameter being different as

a clinically meaningful difference from the HVRR without

doing statistical analysis within this study. The HVRR

reference range is a 95% CI, meaning 2.5% of the values

will be above the ULN and 2.5% of values will be below

the lower limits of normal (LLN). The 10% cutoff is four

times the expected 2.5%. The 28% of laboratory para-

meters being potentially different from the HVRR is very

similar to the 25% observed across patient populations and

the 25% observed in the individuals with diabetes popula-

tion in a pilot study evaluating only 6 laboratory

parameters.3 Of the six parameters evaluated in the pilot

study and this study, the results were very similar: alanine

aminotransferase and glucose were potentially different

from the HVRR, while neutrophil, platelets, aspartate ami-

notransferase and bilirubin were similar to the HVRR.

Based on general medical knowledge and literature it is

known that individuals with diabetes have abnormal levels

of alanine aminotransferase, aspartate aminotransferase,

alkaline phosphatase, amylase, gamma-glutamyl transfer-

ase, and lipase in 9–18%, 3–10%, 3–9%, 3–12%, 6–19%

and 11–20% of the individuals, respectively.4–7 This study

also had abnormal levels in these same parameters that fell

Table 5 (Continued).

Laboratory Parameter Number of

Studies

Number of Subjects with

a Baseline Value

% of Subjects with Value

>ULN at Baseline
Category

(LBCAT)

Test (LBTEST)

Hematology Erythrocyte Mean Corpuscular

Volume

3 621 10.3*

Hematology Erythrocytes 12 2805 1.5

Hematology Hematocrit 12 2798 2.3

Hematology Hemoglobin 12 2805 1.2

Hematology Hemoglobin A1C 3 921 0

Hematology Hemoglobin A1C/Hemoglobin 8 2097 56.1*

Hematology Leukocytes 12 2805 2.8

Hematology Lymphocytes 12 2803 3.7

Hematology Lymphocytes/Leukocytes 5 1442 2.2

Hematology Monocytes 12 2803 1.2

Hematology Monocytes/Leukocytes 5 1442 0.8

Hematology Neutrophils 9 2179 2.3

Hematology Neutrophils, Segmented 3 624 1.4

Hematology Neutrophils/Leukocytes 5 1442 2.0

Hematology Platelets 12 2789 0.9

Urinalysis Albumin 6 1431 28.4*

Urinalysis Albumin/Creatinine 11 2378 30.8*

Urinalysis Creatinine 3 634 0

Urinalysis Urea 3 921 19.4*

Urinalysis pH 5 1439 0.1

Notes: *Laboratory parameters deemed potentially different from the healthy volunteer reference range (HVRR), based on the baseline value greater than

10% of the individuals with diabetes being higher than the HVRR upper limits of normal (ULN).
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within the expected ranges with alanine aminotransferase,

gamma-glutamyl transferase and lipase all above the 10%

threshold to be potentially different from the HVRR. The

other parameters aspartate aminotransferase, alkaline

phosphate and amylase although elevated as expected in

some of the individuals with diabetes the levels were less

than 10%. This suggests that the 10% threshold we have

selected if anything may be too high in detecting labora-

tory biomarkers that are known to be elevated in a patient

population. Only two of the hematology laboratory para-

meters were determined to be potentially different from

the HVRR: as expected hemoglobin A1C/hemoglobin

ratio but unexpectedly erythrocyte mean corpuscular

volume. It has been shown that the erythrocyte mean

corpuscular volume and some other erythrocyte laboratory

parameters can be elevated in individuals with

diabetes.10,11 However, these abnormal values are thought

to be due to the elevated glucose levels in the cell inducing

a hyperosmolar swelling of the erythrocytes and not

a permanent homeostatic change to the cells. Of the

laboratory parameters with less than the required 400 base-

line values, it is of interest that brain natriuretic peptide,

C-reactive protein and urinary alpha-1 microglobulin were

greater than the ULN in more than 10% of the subjects as

according to literature these three laboratory biomarkers

have been shown to be elevated in individuals with

diabetes.12,13 This data, although with less than 400 sub-

jects, may, therefore, be useful in better understanding the

more currently esoteric laboratory parameters.

The 28% of laboratory parameters being potentially

different from the HVRR further support the pilot study

and general medical judgement that it is not uncommon

for laboratory parameter values to be different from the

HVRR in patient populations. Furthermore, it drives the

need for additional analysis of patient population data to

determine if the strategy for detecting potential drug-

induced signals needs to be modified. Such as the

CTCAE grade 1 scoring definitions being modified for

laboratory parameters, similar to the definition changes

for liver function tests between CTCAE v4.03 and v5.0.

To initiate this additional analysis, the TransCelerate

individuals with diabetes dataset was evaluated longitudin-

ally with 21 of the laboratory parameters being potentially

different from the HVRR. There were at least two different

approaches to elucidate the expected laboratory parameter

variability: use the grade 1 CTCAE cutoffs of 1.0xULN or

determine if another cutoff should be used based on the data.

Using the 1.0xULN cutoff could underestimate theT
ab

le
6
(C

o
n
ti
n
u
e
d
).

L
ab

o
ra
to
ry

P
ar
am

et
er

12
18

00
15

12
18

00
16

12
18

00
17

12
18

00
18

12
45

00
19

12
45

00
23

12
45

00
36

D
16

80
C
00

00
1

D
16

80
C
00

00
5

H
9X

M
C
G
B
D
A

H
9X

M
C
G
B
D
C

H
9X

M
C
G
B
D
N

To
ta
l

H
e
m
at
o
lo
gy

H
e
m
o
gl
o
b
in

A
1
C
/H

e
m
o
gl
o
b
in

N
T

N
T

N
T

N
T

0
.0

0
.0

0
.0

8
8
.2
*

9
7
.8
*

9
8
.1
*

9
2
.6
*

99
.6
*

63
.7
*

U
ri
n
al
ys
is

A
lb
u
m
in

N
T

N
T

N
T

N
T

3
6
.0
*

3
7
.3
*

6
5
.2
*

N
T

N
T

N
T

N
T

N
T

38
.8
*

U
ri
n
al
ys
is

A
lb
u
m
in
/

C
re
at
in
in
e

3
8
.8
*

2
7
.7
*

2
7
.4
*

3
0
.2
*

3
0
.0
*

2
5
.5
*

5
7
.1
*

N
T

3
2
.1
*

2
4
.5
*

2
1
.8
*

26
.1
*

34
.7
*

U
ri
n
al
ys
is

U
re
a

N
T

N
T

N
T

N
T

5
.0

5
.5

4
4
.1
*

N
T

N
T

N
T

N
T

N
T

24
.2
*

N
o
te
s:

T
h
e
fo
llo
w
in
g
la
b
o
ra
to
ry

p
ar
am

e
te
rs

h
ad

le
ss

th
an

1
0
.0
%
o
f
la
b
o
ra
to
ry

te
st
s
ab
o
ve

th
e
H
V
R
R
U
L
N

in
al
l
st
u
d
ie
s
e
va
lu
at
e
d
:
C
h
e
m
is
tr
y:
al
b
u
m
in
,
am

yl
as
e
p
an
cr
e
at
ic
,
ap
o
lip
o
p
ro
te
in

A
1
,
as
p
ar
ta
te

am
in
o
tr
an
sf
e
ra
se
,
b
ic
ar
b
o
n
at
e
,

b
ili
ru
b
in
,
b
lo
o
d
u
re
a
n
it
ro
ge
n
,
ca
lc
iu
m
,
ch
lo
ri
d
e
,
gl
o
m
e
ru
la
r
fi
lt
ra
ti
o
n
ra
te
,
H
D
L
ch
o
le
st
e
ro
l,
m
ag
n
e
si
u
m
,
p
h
o
sp
h
at
e
,
so
d
iu
m
;
H
e
m
at
o
lo
gy
:
b
as
o
p
h
ils
,
b
as
o
p
h
ils
/l
e
u
k
o
cy
te
s,
e
ry
th
ro
cy
te
.
M
e
an

co
rp
u
sc
u
la
r
co
n
ce
n
tr
at
io
n
,
e
ry
th
ro
cy
te
s,

h
e
m
at
o
cr
it
,
h
e
m
o
gl
o
b
in
,
h
e
m
o
gl
o
b
in

A
1
C
,
le
u
ko

cy
te
s,

ly
m
p
h
o
cy
te
s,

ly
m
p
h
o
cy
te
s/
le
u
k
o
cy
te
s,

m
o
n
o
cy
te
s,

m
o
n
o
cy
te
s/
le
u
k
o
cy
te
s,

n
e
u
tr
o
p
h
ils
,
n
e
u
tr
o
p
h
ils
-s
e
gm

e
n
te
d
,
n
e
u
tr
o
p
h
ils
/l
e
u
k
o
cy
te
s,

p
la
te
le
ts
;
u
ri
n
al
ys
is
:
cr
e
at
in
in
e
,
p
H
.
N
T

L
ab
o
ra
to
ry

p
ar
am

e
te
r
w
as

n
o
t
e
va
lu
at
e
d
in

e
ac
h
su
b
je
ct

at
le
as
t
tw

o
ti
m
e
s
d
u
ri
n
g
th
e
st
u
d
y.
*G

re
at
e
r
th
an

1
0
%
o
f
te
st
s
w
e
re

h
ig
h
e
r
th
an

th
e
u
p
p
e
r
lim

it
s
o
f
n
o
rm

al
(U

L
N
).

Brott et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:142482

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


laboratory parameter expected values as values in all subjects

in a population could be shifted toward the ULN and thereby

leading researchers to conclude that elevations seen during

clinical trials might be a drug effect as opposed to natural

disease progression. On the other hand, too high of a cutoff

could decrease the number of subjects analyzed such that the

result would be meaningless for signal identification/evalua-

tion. The approach used in this study was to determine if

there was an obvious threshold based on the data. Of the 21

laboratory parameters potentially different from the HVRR,

13 of them had an identifiable threshold. More data is needed

to determine if such a cutoff can be made for the additional 8

laboratory parameters.

Using the 95% CI upper limit of the within-subject varia-

bility (%CV) the upper limits of the 95%CI were determined

for each laboratory parameter and then reported as “x-base-

line” with the baseline reported as xULN. These are the

values, with more data, that could be used for changing the

CTCAE grade 1 definition and signal detection in individuals

with diabetes clinical trials, but the formula assumes that the

baseline value would be the mean for that subject, which

would be more accurate if a mean baseline value was used

based on two or more baseline values measured at different

visits. However, some companies and studies use only one

baseline value to evaluate/identify potential safety signals in

that case the “baseline = minimum” values should be used.

These values assume that the one baseline measure is the

minimum value for the subject and therefore if a future

measure for that value is greater than this x-baseline value

then it is most likely not due to the natural laboratory para-

meter variability (based on the 95% CI).

Worth noting are the results for the liver enzyme data.

According to the CTCAE v5.0, the grade 1 criteria is 1.5–3.0

x-baseline if the baseline is abnormal, but according to the

Figure 1 Longitudinal laboratory values (time upper limits of normal; xULN) of laboratory parameters that were potentially different from the healthy volunteer reference

range. Red line is the curve fit calculation to the data and black vertical line is the determined threshold. Thresholds could not be determined for all laboratory parameters.
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within-subject variability of PSoC individuals with diabetes,

one would expect to see up 2.6 x-baseline if the baseline

value was based on one measure (potentially the minimum

value for that subject) or up to 1.8 x-baseline if the baseline is

based on multiple measures. Using either one of the cutoffs

based on the PSoC data, the CTCAE grade 1 criteria will

capture false-positive signals, values between the 1.5 x-base-

line of the CTCAE definition and the 1.8 or 2.6 x-baseline

based on the PSoC data.

Conclusion and Next Steps
These data clearly suggest that many laboratory para-

meters in individuals with diabetes were similar to the

HVRR but some (~28%) were potentially different from

the HVRR. The data also suggest that the 1) laboratory

parameters potentially different from the HVRR that

a x-baseline value could help identify the upper limit of

expected values and 2) CTCAE v5.0 grade 1 criteria of

1.5–3.0 x-baseline if the baseline is abnormal may capture

false-positive signals in clinical trials of individuals with

diabetes. Further studies with higher subject numbers will

be required to determine if the 28% of laboratory para-

meters are different from the HVRR and what criteria

should be used for signal detection/identification.

Limitations of this study that need to be addressed in

future studies to determine the differences between

Table 8 Expected Fold Baseline, Based on Laboratory Parameter Variability When All Values for a Subject Were Below the Cutoff

Laboratory Parameter Cutoff (xULN) Subjects (n) xBaseline (ULN), Using 95% CIs

Baseline = Mean Baseline = Minimum

Chemistry ALT 1.5 2571 1.4 1.8

Chemistry C-peptide 1.5 821 1.5 2.0

Chemistry Creatinine 1.0 2437 1.1 1.3

Chemistry GGT 1.5 1259 1.4 1.7

Chemistry Glucagon 1.0 663 1.4 1.9

Chemistry Insulin 2.0 703 1.6 2.2

Chemistry Lipase 1.5 1317 1.3 1.7

Chemistry Proinsulin 2.0 474 1.7 2.4

Chemistry Triglycerides 1.5 2334 1.4 1.8

Chemistry Urate 1.2 2136 1.2 1.4

Hematology hA1C/Hg 1.0 921 1.1 1.2

Urinalysis Albumin 10.0 1264 2.1 3.2

Urinalysis Urea 1.5 824 1.3 1.6

Table 9 Expected Fold Baseline, Based on Laboratory Parameter Variability When at Least One Value for a Subject Was Above the

Cutoff

Laboratory Parameter Cutoff (xULN) Subjects (n) xBaseline (ULN), Using 95% CIs

Baseline = Mean Baseline = Minimum

Chemistry ALT 1.5 254 1.8 2.6

Chemistry C-peptide 1.5 83 2.0 3.0

Chemistry Creatinine 1.0 388 1.3 1.5

Chemistry GGT 1.5 188 1.7 2.4

Chemistry Glucagon 1.0 105 1.7 2.3

Chemistry Insulin 2.0 177 2.4 3.7

Chemistry Lipase 1.5 257 2.1 3.2

Chemistry Proinsulin 2.0 74 2.0 3.0

Chemistry Triglycerides 1.5 461 1.7 2.4

Chemistry Urate 1.2 167 1.3 1.6

Hematology hA1C/Hg 1.0 1176 1.1 1.3

Urinalysis Albumin 10.0 167 2.5 3.9

Urinalysis Urea 1.5 97 1.4 1.7
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HVRR and patient populations and if the identification of

laboratory parameter clinical safety signals can be

improved include: 1) data from healthy volunteers to

determine if the 10% cutoff used in this study was appro-

priate, 2) data from other patient populations to determine

if the x-baseline values identified in individuals with dia-

betes are specific for this population or if the x-baseline is

similar in all patient populations where the laboratory

parameter is different from the HVRR, 3) determining if

standard of care treatment and/or comorbidities explain

increased lab values and should result in these individuals

being evaluated differently than the other individuals in

this population; 4) determining the impact of age, gender,

and ethnicity; 5) determining which biomarkers are differ-

ent from the HVRR based on statistical analysis and med-

ical relevance; 6) evaluating a larger confirmatory

dataset; 7) robust statistical analysis of x-baseline upper

limit expected value; and 8) if within-subject variance is

also due to disease progression.

Disclosure
All authors were employees of AstraZeneca

Pharmaceuticals during the conduct of the study. The

authors report no other conflicts of interest in this work.

References
1. CTCAE v4.03; June 14, 2020. Available from: https://www.eortc.be/

services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf.
Accessed September 10, 2019.

2. CTCAE v5.0; November 27, 2017. Available from: https://ctep.cancer.
gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_
Quick_Reference_8.5x11.pdf. Accessed September 10, 2019.

3. Brott DA, Goodman MJ, Hermann RP, et al. Are laboratory para-
meter (biomarker) values similar to the healthy volunteer reference
range in all patient populations? Drug Des Devel Ther. 2018;12:
2757–2773. doi:10.2147/DDDT.S173671

4. Steinberg W, Nauck MA, Zinman B, et al.; LEADER Trial investi-
gators. LEADER 3-Lipase and amylase activity in subjects with type
2 diabetes: baseline data from over 9000 subjects in the LEADER
trial. Pancreas. 2013;166(5):823–830.

5. Balkecemi L, Belalia M. Cross-sectional pilot study about the liver
enzymes profile in type 2 diabetic patients from an Algerian west
region: Wilaya of Mostaganem. Diabetes Metab Syndr. 2016;10
(Suppl 1):S147–S150. doi:10.1016/j.dsx.2015.10.013

6. Rashid MH, Haque MZ, Rahman MK, et al. Study on liver dysfunc-
tion in type 2 diabetic patients in Bangladesh. Euroasian
J Hepatogastroenterol. 2016;6(1):1–4. doi:10.5005/jp-journals-1001
8-1155

7. Salmela PI, Sotaniemi EA, Niemi M, Mäentausta O. Liver function
tests in diabetic patients. Diabetes Care. 1984;7(3):248–254. doi:10.
2337/diacare.7.3.248

8. Bhuyan P, Chen C, Desai J, et al. Development and Implementation
of a pharma-collaborative large historical control database; 2017.
Available from: http://www.transceleratebiopharmainc.com/wp-
content/uploads/2015/04/TransCelerate-PSoC-Data-Sharing-White-
Paper.pdf. Accessed March 30, 2017.

9. Reference intervals for clinical and lab medicine. Available from:
https://ncss-wpengine.netdna-ssl.com/wp-content/themes/ncss/pdf/
Procedures/PASS/Reference_Intervals_for_Clinical_and_Lab_
Medicine.pdf. Accessed May 21, 2020.

10. Morse EE, Kalache G, Germino W, Stockwell R. Increased electronic
mean corpuscular volume induced by marked hyperglycemia. Ann
Clin Lab Sci. 1981;11(2):184–187.

11. Alamri BN, Bahabri A, Aldereihim A, et al. Hyperglycemia effect on red
blood cells indices. Rev Med Pharmacol Sci. 2019;23(5):2139–2150.

12. Furukawa S, Sakai T, Niiya T, et al. B-type natriuretic peptide and
renal function in Japanese patients with type 2 diabetes mellitus: the
Dogo study. Endocr J. 2017;64(12):1131–1136. doi:10.1507/endocrj.
EJ17-0256

13. Wan X, Zhang L, Gu H, Wang S, Liu X. The association of serum
hsCRP and urinary alpha-1 microglobulin in patients with type 2
diabetes mellitus. Biomed Res Int. 2019;2019:1–10. doi:10.1155/
2019/6364390

Drug Design, Development and Therapy Dovepress
Publish your work in this journal
Drug Design, Development and Therapy is an international, peer-
reviewed open-access journal that spans the spectrum of drug design
and development through to clinical applications. Clinical outcomes,
patient safety, and programs for the development and effective, safe,
and sustained use of medicines are a feature of the journal, which has also

been accepted for indexing on PubMed Central. The manuscript
management system is completely online and includes a very quick
and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published
authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Brott et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:142486

Powered by TCPDF (www.tcpdf.org)

https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.2147/DDDT.S173671
https://doi.org/10.1016/j.dsx.2015.10.013
https://doi.org/10.5005/jp-journals-10018-1155
https://doi.org/10.5005/jp-journals-10018-1155
https://doi.org/10.2337/diacare.7.3.248
https://doi.org/10.2337/diacare.7.3.248
http://www.transceleratebiopharmainc.com/wp-content/uploads/2015/04/TransCelerate-PSoC-Data-Sharing-White-Paper.pdf
http://www.transceleratebiopharmainc.com/wp-content/uploads/2015/04/TransCelerate-PSoC-Data-Sharing-White-Paper.pdf
http://www.transceleratebiopharmainc.com/wp-content/uploads/2015/04/TransCelerate-PSoC-Data-Sharing-White-Paper.pdf
https://ncss-wpengine.netdna-ssl.com/wp-content/themes/ncss/pdf/Procedures/PASS/Reference_Intervals_for_Clinical_and_Lab_Medicine.pdf
https://ncss-wpengine.netdna-ssl.com/wp-content/themes/ncss/pdf/Procedures/PASS/Reference_Intervals_for_Clinical_and_Lab_Medicine.pdf
https://ncss-wpengine.netdna-ssl.com/wp-content/themes/ncss/pdf/Procedures/PASS/Reference_Intervals_for_Clinical_and_Lab_Medicine.pdf
https://doi.org/10.1507/endocrj.EJ17-0256
https://doi.org/10.1507/endocrj.EJ17-0256
https://doi.org/10.1155/2019/6364390
https://doi.org/10.1155/2019/6364390
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

