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BACKGROUND
 

 �The 2008 National Survey on Drug Use and Health reports a steady increase in the number of Americans 
abusing prescription pain relievers.1 

 �Given its distinction as the most prescribed medication in the United States, combined with its high abuse 
potential, there exists a need to closely monitor hydrocodone prescribing to curb abuse and diversion.2

 �Prior work has demonstrated the inaccuracy and unreliability of patient self-reporting alone when compared to 
laboratory confirmation through urine drug testing (UDT).3

OBJECTIVES 
 

 �Examine a proprietary oxycodone algorithm and its ability to differentiate between low, medium, and high 
doses of hydrocodone using a fluorescence polarization immunoassay (FPIA).

 �Inform future research for applying a proprietary UDT algorithm to assess adherence in patients on chronic 
opioid therapy.

STUDY DESIGN  
 
 

 �Single group, multiple dose study of hydrocodone in healthy adult volunteers. Subjects are described in 
Table 1. Women were required to have a negative urine pregnancy test prior to study initiation and were 
required to use a medically accepted method of contraception during the duration of the study. All subjects 
were tested for abnormal substances in the urine. Abnormal urine tests were exclusionary. Subjects were 
also excluded if they had an abnormal physical exam, ECG, or clinical laboratory tests as evaluated by the 
investigator. Additional exclusion criteria included: history of significant neurological, hepatic, renal, endocrine, 
cardiovascular, gastrointestinal, pulmonary or metabolic disease. Any participant having an allergy or history 
of hypersensitivity to hydrocodone, naltrexone, opioids or similar compounds were excluded. Participants were 
ineligible for the study if they had used any prescription medication or over-the-counter (OTC) medications 
including herbal preparations 30 days prior to study initiation. Participants were not allowed to use any 
prescription or OTC medications during the study that could interfere with the evaluation of study medication. 
Subjects were forbidden to use alcohol, ingest grapefruit, grapefruit juice, caffeine or xanthene-containing 
products 48 hours before dosing and during the dosing periods. All subjects were screened for any major 
phenotypic variation of the CYP2D6 drug-metabolizing enzymes, and poor and ultra-rapid metabolizers were 
excluded from the study.

 �The study had two parts:

	� In Part 1, three healthy volunteers (three white males) underwent naltrexone dosing and evaluation. These 
subjects ranged in age from 22 to 26 years and averaged 70 inches in height and 177 pounds in weight. 
The purpose was to assess whether naltrexone would interfere with the urine analysis of hydrocodone.

	  
	� In Part 2, twenty healthy volunteers (three females and 17 males) each received escalating doses of 

hydrocodone and fixed doses of naltrexone according to the study protocol. Four subjects in Part 2 took 
concomitant medications, with two using nutritional supplements and two using birth control.

 �The volunteers received 20 mg, 60 mg, and 120 mg daily doses of hydrocodone dosed to steady-state at 
each level. Two urine samples were collected at each dose level, at times approximating steady-state peak 
and trough hydrocodone plasma concentrations. Urine opioid concentrations were adjusted by a proprietary 
algorithm accounting for lean body weight (LBW), urine pH, and urine specific gravity.  

 �Participant hydrocodone dosing is presented in Table 2. Naltrexone was given approximately 12 hours before 
the first hydrocodone dose and every 12 hours while on the study. 

ANALYTIC APPROACH (continued)
 

 � �Using the Somers’ D rank order analysis followed by a linear comparison of parameters from the two models (raw 
or adjusted), we tested which of the two methods achieved better concordance with dose.9,10 More specifically, 
the Somers’ D statistic was used to indicate the probability that lab values (whether raw or adjusted) increase 
with increasing dose more so than decrease with increasing dose. To determine which of the two methods (raw 
or adjusted) better predicted dose, the difference between the two parameter estimates was tested using a linear 
comparison model. To allow for dependencies between repeated measures on the same patient, all analyses 
were performed clustering by patient.

 �All statistical analyses were conducted using Stata (version 10.1) software (Statacorp, College Station, Texas). 
Concordance was estimated using “concord”, a user written program for Stata by Thomas J. Steichen & Nick 
J. Cox.11,12 Pair-plots (Figures 3 and 4) were created using “pairplot” a user-written program for Stata by Nick J. 
Cox.13 Bonett-Price confidence intervals were estimated using “bpmedian”, a user written program for Stata by 
Roger Newson.14 Von Mises Somers’ D statistics were estimated and linear comparisons were performed using 
“somersd”, a user written program for Stata by Roger Newson.15

LIMITATIONS 
 

 �Enrolled healthy volunteers who had not taken any medication 30 days prior to start, thus excluding individuals 
encountered in the clinic on one or more medications that may interact with hydrocodone, including CYP2D6 
inhibitors.

 �Participants were excluded from this investigation if they were determined to be a poor, rapid, or ultrarapid 
CYP2D6 metabolizer.

 �Further work in a larger trial in a clinic setting is required to define the sensitivity and specificity of the algorithm 
with respect to patient adherence, as participants in the current study were perfectly compliant. A population that 
is 100% compliant is not representative of the majority of patients encountered in the clinic.

CONCLUSIONS 
 

 �Results suggest that, in contrast to raw FPIA values, a proprietary algorithm that normalizes hydrocodone urine 
drug levels for pH, specific gravity, and lean body mass discriminates well between all three of the daily doses of 
hydrocodone tested (20, 60, and 120 mg). 

 �While this algorithm cannot currently be used to determine or predict the dose of a drug a given patient is taking, 
application of the algorithm can provide additional information that, when combined with observations of aberrant 
behavior, structured risk assessments (eg, ORT, COMM), pill counts, and medical chart reviews, should help 
clinicians assess the possibility of drug misuse or nonadherence.
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RESULTS  
 
 

 �The concordance correlation coefficient for the raw FPIA values (Table 3) was 0.339, while the concordance 
correlation coefficient for the normalized FPIA values using the aforementioned algorithm (Table 3) was twice this 
value at 0.677. The explanation for this discrepancy can be seen in Figures 3 and 4. Figure 3 shows that most pairs of 
values are skewed toward the first raw FPIA measurement value (as indicated by positive values on the Y axis). This 
skew becomes more apparent as the mean raw FPIA level increases, with extreme spikes exhibited at the highest 
raw FPIA levels. Conversely, Figure 4 illustrates a more uniform distribution of concordance between first and second 
measurements of adjusted FPIA levels. The few spikes that are found in the data are also at the higher end of the 
continuum, but do not appear to be biased more toward the first or second adjusted FPIA measurement.

 �Figures 1 and 2 illustrate the distributions of raw and adjusted FPIA values, respectively, by the daily doses under 
study. Upon visual inspection, it is clear that none of the doses under either method represents truly normal 
distributions. Moreover, there is no consistency in the general form among the distributions. Estimators of shape 
parameters, such as skewness and kurtosis coefficients are not reported, because they generally exhibit large 
sampling variability in small samples and are biased (toward normality) in non-normal distributions. These concerns 
led to the choice of a median analysis using Bonett-Price confidence intervals. 

 �Table 3 presents the median estimates and Bonett-Price 95% confidence intervals for raw and normalized FPIA 
values by dose, both with and without Bonferroni adjustment. The confidence intervals for the raw FPIA levels 
do not overlap between the 20 mg and 60 mg daily doses but do overlap between the 60 mg and 120 mg daily 
doses. In applying the more conservative Bonferroni adjustment, the discrimination between the 20 mg and 60 
mg doses disappears. Conversely, the confidence intervals for the adjusted FPIA levels do not overlap between 
any dose level, regardless of the application of the Bonferroni adjustment. Thus, the adjusted FPIA method shows 
excellent discrimination between 20 mg, 60 mg and 120 mg daily doses of hydrocodone even when conservative 
adjustments are applied.

 �The results of the Somers’ D analysis indicate that the adjusted FPIA values are 93% more likely to increase with 
increasing dose than decrease with increasing dose (CI's 88%, 98%, p <0.0001) whereas the raw lab values are 63% 
more likely to increase with increasing dose than decrease (CI’s 52%, 73% p <0.0001). The linear comparison of the 
difference between raw and adjusted models indicates that the adjusted model is 15% more likely to be concordant 
with dose than the raw model (CI’s 9%, 22%, p <0.0001).

ANALYTIC APPROACH
 
 
 

 �The current study assessed how well an algorithm that adjusted or “normalized” standard urine drug levels (e.g. 
raw levels), obtained by FPIA assay, for urine pH, urine specific gravity, lean body weight, and gender discriminated 
between the three different doses of hydrocodone (20 mg, 60 mg, and 120 mg per day). 

 �Data was tested for the concordance between each pair of raw and adjusted FPIA values for each study participant 
across all doses.4-5 The rationale for this was to determine if participants achieved steady-state at each drug dose, 
and to assess which of the two methods (raw or adjusted FPIA) achieved better concordance. In the case of the 
former, whether a patient achieves steady-state is of clinical importance because during the accumulation phase, 
inter-patient variability in elimination and accumulation can have exaggerated effects on observed serum and urine 
levels. In the case of the latter, it can be hypothesized that the method which achieves better concordance is also 
likely to show better discrimination between doses, as a direct result of lowered variability within each dose.

 �An analysis was conducted of medians for each of the dosage groupings using Bonett-Price confidence intervals 
for both raw and adjusted FPIA values.6-8 An analysis of medians is a more appropriate choice than an analysis of 
means, given that (a) the distribution of values in this relatively small sample appears skewed at each dose level 
(see Figures 1 and 2), (b) there is no information as to the true population distribution of the raw or normalized 
FPIA values, and (c) the analysis of medians is robust to almost any type of non-normality that would likely be 
encountered in practice. The Bonett-Price confidence interval method was chosen in particular because of its 
superior performance in simulation experiments of small samples.6 Due to multiple statistical testing, a Bonferroni 
adjustment was applied to the confidence intervals to provide more conservative estimates.

Table 1. Participant Characteristics

Variable Data Mean SD

Number of subjects 20

Female subjects 3

Age (in years) 18-36 23.6 4.2

Height (in inches) 70.5 3.0

Weight (in lbs) 178.1 31.6

Body Mass Index (BMI) 18-30 kg/m2 25.0 3.0

Table 2. �Participant dosing schedule per protocol
Naltrexone Hydrocodone 5 mg Hydrocodone  15 mg Hydrocodone 30 mg 

Day & time:

0 1800
1 0600, 1800 0700, 1300, 1900
2 0600, 1800 0100, 0700, 1300 1900
3 0600, 1800 0100, 0700, 1300, 1900
4 0600, 1800 0100 0700, 1300, 1900
5 0600, 1800 0100, 0700, 1300
6 Release from study

Table 3. �Median estimates and Bonett-Price 95% confidence intervals 
for raw and adjusted LC-MS-MS values by dose (with and 
without Bonferroni adjustment). LCI = lower confidence 
interval, UCI = upper confidence interval

Bonferroni Adjusted

Dose per day (mg) Median LCI UCI LCI UCI

Raw FPIA

20 2,054 1,076 3,032 859 3,248

60 4,670 3,230 6,110 2,912 6,429

120 7,326 5,547 9,106 5,154 9,499

Adjusted FPIA

20 3,601 2,764 4,437 2,579 4,622

60 9,620 8,806 10,435 8,626 10,615

120 18,113 16,360 19,865 15,973 20,252

Figure 1. �Distribution of raw Florescence Polarization 
Immunoassay (FPIA) values (in ng/dl)by dose.
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Figure 2. �Distribution of adjusted Florescence Polarization  
Immunoassay (FPIA) values (in ng/dl) by dose. 
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Figure 3. �A plot of difference versus mean for first and second 
raw FPIA levels (in ng/dl). 
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Figure 4. �A plot of difference versus mean for first and second 
adjusted FPIA levels (in ng/dl)
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