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Abstract

Background—Due to concerns about hypertriglyceridemia, liver enzyme abnormalities, and
leukopenia during isotretinoin therapy for acne, patients are often followed closely with routine
laboratory monitoring, although the value of this practice has been questioned.

Methods—We conducted a cohort study of patients receiving isotretinoin for acne between
January 1, 2008 and June 30, 2017 using the OptumInsights Electronic Health Record Database to
evaluate the frequency of laboratory abnormalities. Poisson regression was used to evaluate for
changes to the frequency of routine laboratory monitoring over time.

Results—Among 1,863 patients treated with isotretinoin, grade 3 or greater triglyceride and liver
function testing abnormalities were noted in fewer than 1% and 0.5% of patients screened,
respectively. No grade 3 or greater cholesterol or complete blood count abnormalities were
observed. There were no meaningful changes in the frequency of laboratory monitoring over time.

Conclusions and Relevance—While laboratory abnormalities are rare and often do not
influence management, frequent laboratory monitoring remains a common practice. There are
opportunities to improve the quality of care among patients being treated with isotretinoin for acne
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by reducing the frequency of lipid and liver function monitoring and by eliminating complete
blood count monitoring.

Capsule Summary

« Little is known about whether lab monitoring practices for patients being treated for acne with
isotretinoin are changing over time.

« Although laboratory abnormalities are rare, frequent monitoring remains a common practice and
there are opportunities to improve quality and cost of care by reducing the frequency of this
monitoring.

Introduction

Methods

Isotretinoin is a highly effective treatment for acne which can reliably lead to remission of
disease activity following treatment; however, its use has been associated with several
important adverse events, most notably teratogenicity.! In addition, due to concerns about
hypertriglyceridemia, potential elevation of liver enzymes, leukopenia, and
thrombocytopenia during therapy, patients are frequently monitored as often as monthly for
lipid, liver enzyme, and complete blood count abnormalities.! However, several reports over
the past two decades have questioned the clinical utility of frequent (e.g. monthly) lab
monitoring and have suggested reduced monitoring practices.2~" For example, the 2003
Global Alliance to Improve Outcomes in Acne guidelines suggest limiting testing to labs at
baseline and then after 1 to 2 months of therapy, and recommend no further testing if these
initial lab results are normal and there are no other risk factors present.8 A 2006 study by
Zane and colleagues suggested that complete blood count monitoring may be of low value.®
More recently Hansen and colleagues have suggested that, in the absence of known risk
factors, complete blood count monitoring should be eliminated, monitoring of lipid panel
and liver function tests should be performed at baseline and after the peak dose is obtained,
and the should be no further monitoring if these results are normal.”

While lab monitoring practices have been a subject of several studies over the past two
decades, there remains uncertainty regarding the type and frequency of lab monitoring being
ordered for patients on isotretinoin in routine clinical practice.>=" In addition, little is known
about whether monitoring practices are changing over time in response to findings from
these studies that question frequent lab monitoring practices for isotretinoin. The purpose of
this study was to evaluate the frequency of monitoring practices and laboratory
abnormalities among a large cohort of patients and to examine whether isotretinoin
monitoring practices are changing over time.

Study design and data source

We performed a cohort study using a 10% random sample of the Optumlinsights Electronic
Health Record database that included data from January 1, 2007 to June 30, 2017; this was
the dataset available to the investigators. The full dataset includes de-identified data
abstracted from the electronic medical records of over 150,000 providers, 2,000 hospitals,
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and 7,000 clinics and is based on integrating data from the electronic medical record and
other health information technology platforms used in these practices.®-12 With de-identified
patient-level data for 81 million individuals and their associated healthcare encounters, it is
the largest electronic health record source in the United States.10 The data captured in the
database include diagnoses, prescriptions written, and laboratory data as well as patient
demographic information such as age and gender. This study was granted exempt status by
the University of Pennsylvania Institutional Review Board.

Study population

Outcomes

Inclusion criteria were: (1) patients with at least one International Classification of Diseases
(ICD) 9 or 10 code for acne (706.1, L70.0, L70.1, L70.8, L70.9); (2) at least one prescription
for isotretinoin on or after the acne diagnosis date, with the first prescription meeting all
inclusion criteria being defined as the index date; (3) at least six months of continuous
enrollment prior to the index date with no prescriptions for isotretinoin; (4) at least one year
of continuous enrollment after the index date. The final two criteria were chosen to increase
the likelihood of capturing a complete course of isotretinoin therapy. Due to few patients
meeting study inclusion criteria in 2007, we limited our analyses to 2008 onwards. Previous
studies have validated the accuracy of ICD codes to identify patients with acne.!3 Individual
consecutive prescriptions for isotretinoin were identified to define courses of therapy. To
allow for minor delays in prescribing due to logistical and other factors, prescriptions
separated by fewer than 15 days were considered part of the same course of therapy. For
each patient, only the first course of isotretinoin was evaluated.

Laboratory values for triglycerides, total cholesterol, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), white blood cell count (WBC), and platelet count were
identified for each patient. Labs were categorized as baseline labs or by month of therapy for
those performed while the patient was receiving isotretinoin. To account for delays in
initiating therapy related to iPLEDGE requirements, baseline labs were defined as those
performed up to 60 days prior to the first prescription. Labs performed up to 15 days after
the end date of the course of therapy were included and attributed to the final month of
treatment. Laboratory abnormalities were defined based on the Cancer Institute Common
Terminology Criteria for Adverse Events v5.0 grading system (see Table 4 for details).6.7.14
The frequency of abnormalities that were Grade 3 or higher was evaluated since this cutoff
corresponds to values that are often felt to be clinically meaningful (e.g.
triglycerides>500mg/dl) and is consistent with thresholds used in prior studies.” In an effort
to include patients being treated with typical courses of therapy, we restricted our analysis of
changes in the frequency of lab monitoring over time to the first six months of therapy
among those who were prescribed isotretinoin for at least 3 months.

Statistical analysis

The monitoring frequency of each lab was calculated as the number of patients who had one
or more of the tests of interest performed each month divided by the number of patients on
therapy each month. Univariate Poisson regression models were used to assess changes in
the frequency of lab monitoring over time whereby number of labs ordered over time was
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considered count data. Goodness of fit testing confirmed that the model fit the distribution of
the data. Costs of monitoring were estimated based on the Medicare clinical laboratory fee
schedule.1® Statistical analyses were performed in Stata 15 (StataCorp, College Station,
Texas).

There were 1,863 patients included in the analysis and 49.0% were women. The median age
was 18.2 years (IQR 16.3-24.5). The median course duration for isotretinoin treatment was
148 days (IQR 65-183) (Table 1). Regional distribution of patients across the U.S. were:
11.5% Northwest, 61.9% Midwest, 13.6% South, and 9.7% West.

Monitoring frequency and changes over time

In general, absolute numbers of patients on therapy and, consequently, absolute numbers of
patients being monitored decreased with each successive month. Baseline triglyceride and
total cholesterol levels were evaluated in 65.3% and 52.5% of patients, respectively. The
range of patients who received triglyceride monitoring each month while on therapy was
between 39.6% and 61.4% of patients. Baseline AST and ALT levels were evaluated in
64.6% and 64.8% of patients, respectively. The range of patients who received AST and
ALT monitoring each month while on therapy was between 37.6% and 58.5% of patients.
Baseline WBC and platelet count levels were evaluated in 53.9% and 53.5% of patients,
respectively. The range of patients who received complete blood count monitoring each
month while on therapy was between 26.8% and 37.4% of patients (Table 2).

Between 2008 and 2016, the frequency of triglyceride monitoring decreased 16.4% from
0.67 to 0.56 labs per month (incidence rate ratio (IRR) per year 0.98; 95% CI1 0.96 — 0.99).
The frequency of cholesterol monitoring decreased 12.5% from 0.48 to 0.42 labs per month
(IRR per year 0.97; 95% CI 0.95 — 1.00). The frequency of AST monitoring decreased
20.9% from 0.67 to 0.53 labs per month (IRR 0.98 per year; 95% CI1 0.96 — 0.99). The
frequency of ALT monitoring decreased 25.0% from 0.68 to 0.51 labs per month (IRR 0.99
per year; 95% CI1 0.97 — 1.00). The frequency of WBC monitoring decreased 12.2% from
0.41 to 0.36 labs per month (IRR per year 1.00; 95% CI 0.97-1.02) The frequency of
platelet count monitoring decreased 12.2% from 0.41 to 0.36 labs per month (IRR 0.99 per
year; 95% CI1 0.97 — 1.02). Statistically significant decreases in laboratory monitoring
frequency over the study duration were noted for triglycerides (IRR 0.82 for the study
period; 95% CI 0.72 — 0.93), total cholesterol (IRR 0.80 for the study period; 95% CI 0.66 —
0.98) and AST (IRR 0.84 for the study period; 95% CI1 0.73 — 0.95) only (Table 3).

Frequency of laboratory abnormalities

Grade 3 triglyceride abnormalities were noted in fewer than 1% of patients screened (Table
4). Among the 12 patients who developed grade 3 triglyceride abnormalities while on
therapy, seven (58.3%) had elevated baseline triglycerides, and six (50%) had their
triglycerides repeated, of whom four (66.7%) had improved triglycerides on repeat testing.
Nine (76.9%) of the 12 patients with grade 3 triglyceride abnormalities continued their
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course of isotretinoin. Most lipid changes occurred early in the course of therapy before
stabilizing (Figure 1). No grade 3 or higher cholesterol abnormalities were noted. Grade 3
AST and ALT abnormalities were noted in fewer than 0.5% of patients screened and were
not more common on therapy than at baseline. Among the five patients who developed grade
3 AST or ALT abnormalities, four (80%) had improved values when these were rechecked
and three patients (60%) continued their course of isotretinoin. No significant WBC or
platelet abnormalities were noted, except for one patient who had a likely spurious platelet
count of 32 (all other values were above 300 for this patient).

Cost of monitoring

Based on the Medicare clinical laboratory fee schedule reimbursement for lipid panel ($15),
hepatic function panel ($9), and complete blood count ($9), the average patient in our study
population undergoing a 6-month course of isotretinoin would be expected to incur
approximately $134 in laboratory charges.1® In contrast, if monitoring was reduced to
baseline lipid panel and liver function panel testing, repeated at approximately two months
after achieving peak dose, as suggested by Hansen and colleagues, laboratory costs would
decrease by approximately $87 per patient.” Eliminating routine complete blood count
testing alone would be expected to reduce patient costs by approximately $30 per course of
therapy. Extrapolating these savings to the nearly 200,000 patients registered in iPLEDGE
annually, reducing the frequency of monitoring as above would be expected to decrease
patient care costs for isotretinoin monitoring by approximately $17.4 million annually.
Based on the frequency of abnormalities detected, the cost of identifying one Grade 3
triglyceride or hepatic enzyme abnormality would be estimated at approximately $6,000 and
$7,750, respectively.

Discussion

In this cohort study of patients across the United States, clinically significant abnormalities
for patients receiving isotretinoin for acne were rare and often did not result in changes in
management. In particular, no significant WBC or platelet count abnormalities were noted.
These findings are consistent with prior studies and suggest that extensive laboratory
monitoring in this population may be of low value.”-56 In addition, changes to lipid levels
observed in this study typically occurred during the first 2-3 months of therapy before
stabilizing, which is consistent with findings in prior studies.’

Despite the growing evidence base supporting reduced laboratory monitoring for patients
being treated with isotretinoin for acne, we observed only modest decreases in the frequency
of lipid and liver function laboratory monitoring between 2008 and 2016. Complete blood
count monitoring frequency was unchanged over time at an average of 0.36 complete blood
counts per month (or one complete blood count per 2.8 months) in 2016. Given the pain and
psychologic distress experienced by young adults undergoing phlebotomy, concerns about
frequent laboratory monitoring may deter eligible patients from receiving isotretinoin, which
could result in underutilization of this treatment.1 In addition, the expense of and
inconvenience associated with frequent testing could result in patients opting for other
treatments. This potential underutilization of isotretinoin could result in worse outcomes for
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patients with moderate-to-severe acne. Finally, since patients who eventually receive
isotretinoin may be treated with prolonged courses of oral antibiotics, underutilization of
isotretinoin could result in higher use of oral antibiotics, increasing the risk of antibiotic
associated complications.17:18

Consistent with prior research, the frequent laboratory monitoring observed in this study is
associated with a significant cost burden to the patient and health system.” As more patients
become enrolled in high-deductible insurance plans, these laboratory charges will have
increasing impact on patients’ out-of-pocket costs making it ever more important for
clinicians to consider the clinical and financial effects of their practices.1® Additionally,
frequent laboratory monitoring increases indirect costs to patients from missed work or
school.

Using relatively conservative estimates based on the Medicare clinical laboratory fee
schedule, the cost of identifying one Grade 3 triglyceride or liver enzyme abnormality was
over $6,000. Since many patients who had an abnormal test continued therapy in our study,
the costs to identify one clinically relevant abnormality may be even higher, particularly for
liver enzyme testing. These findings raise the question of whether any laboratory testing is
cost-effective in this patient population, although further research is needed to identify
whether more optimized screening practices can improve the cost-effectiveness of
monitoring by limiting screening to patients who are at highest risk.2

Given the costs of frequent laboratory monitoring for patients being treated with isotretinoin
and the lack of significant changes in practice over time despite accumulating evidence that
frequent monitoring may be of low value, it will be important to identify strategies to reduce
this practice gap. One approach may be to provide more specific guideline recommendations
regarding laboratory monitoring. While the 2003 Global Alliance to Improve Outcomes in
Acne Group recommend limiting laboratory monitoring, the 2016 American Academy of
Dermatology guidelines do not include particularly specific recommendations for the
frequency of laboratory monitoring.18 While laboratory monitoring should be individualized
to the needs of the specific patient, including consideration of baseline risk factors, adopting
more specific guideline recommendations may encourage clinicians to feel comfortable
reducing the frequency of monitoring for the typical patient. In addition, there may be
opportunities to educate clinicians through specialty society publications and newsletters. As
we continue to develop a stronger evidence-base regarding optimal laboratory monitoring
patterns for patients on isotretinoin, it will be important to identify the best strategies to
ensure this evidence results in appropriate changes to practice patterns.

Given that the study was conducted using automated data from an electronic medical records
database, we are unable to evaluate the clinical notes to understand the exact clinical
decision when clinicians encountered abnormal laboratory values. However, since many
patients received subsequent prescriptions for isotretinoin after the laboratory abnormalities
were detected, it is likely that clinicians felt comfortable continuing therapy despite the
laboratory abnormalities. In addition, we were unable to assess the exact dosages prescribed
and to evaluate for associations between different dosing regimens and the frequency and
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degree of laboratory abnormalities. Nevertheless, given the geographic diversity and large
sample size of our study population, our findings are likely generalizable to the typical use
of isotretinoin in the community. Since patients may not have been fasting for their
laboratory tests, some lipid abnormalities noted in this study may have been due to lack of
fasting and the rate of true abnormalities may be lower than what was observed. The
Medicare clinical laboratory fee schedule may underestimate the true costs of laboratory
testing in this population and actual costs of testing may be higher for many patients with
commercial insurance coverage.2°

Among acne patients undergoing treatment with isotretinoin, laboratory abnormalities are
rare and often do not influence management. However, frequent laboratory monitoring
remains a common practice and the rate of laboratory monitoring has not decreased
substantially over time. There are opportunities to improve the quality and cost of care by
reducing the frequency of lipid and liver function monitoring and by eliminating the practice
of complete blood count monitoring in this patient population, which should be highlighted
in future clinical guidelines.
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Figure 1. Laboratory value trends during isotretinoin therapy.
Median values and interquartile ranges (error bars) are presented for triglycerides (A), total

cholesterol (B), aspartate aminotransferase (AST) (C), alanine aminotransferase (ALT) (D),
white blood cell count (WBC) (E), and platelet count (F).
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Patient characteristics (n=1,863).

Age, median (IQR)

18.2 (16.3-24.5)

Female, n (%) 912 (49.0)
Race, n (%)
White 1620 (87.0)
African American 46 (2.5)
Asian 38 (2.0)
Other/Unknown 159 (8.5)
Ethnicity, n (%)
Hispanic 58 (3.1)
Non-Hispanic 1669 (89.6)
Unknown 136 (7.3)
Region, n (%)
Northeast 214 (11.5)
Midwest 1153 (61.9)
South 254 (13.6)
West 181 (9.7)
Other/Unknown 61 (3.3)
Treatment duration, days, median (IQR) 148 (65-183)
Number of prescriptions, median (IQR) 5 (2-6)
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Table 4.

Number of patients with a lab abnormality by month of therapy

| Baseline | Month 1 | Month 2 | Month 3 | Month 4 | Month 5 |Month6

Triglycerides, mg/dL

Grade 1 (150-300), n (%) 161 (13.3) | 146 (19.8) | 190 (22.2) | 234 (29.5) | 195 (29.3) | 144 (32.7) | 92 (39.0)
Grade 2 (300-500), n (%) 17 (1.4) 18 (2.4) 21 (2.5) 30 (3.8) 38 (5.6) 16(3.7) | 13(5.3)
Grade 3 (500-1000), n (%) 1(0.1) 1(0.1) 4(0.5) 6 (0.7) 0(0) 2(0.4) 0 (0)
Grade 4 (1000), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
Total Cholesterol, mg/dL
Grade 1 (ULN-300), n (%) 117 (12.1) | 101 (19.2) | 123 (20.3) | 115 (20.7) | 113 (24.5) | 74 (25.4) | 45 (26.1)
Grade 2 (300-400), n (%) 1(0.1) 2(0.4) 2(0.3) 3(0.5) 6(1.3) 3(1) 2(1.1)
Grade 3 (400-500), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
Grade 4 (>500), n (%) 0 (0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
AST, IU/L
Grade 1 (ULN-3x ULN), n (%) 46 (3.8) 29 (4.0) 45 (5.5) 49 (6.6) 38 (5.9) 25(.9) | 16(6.7)
Grade 2 (3x ULN-5x ULN), n (%) 2(0.2) 1(0.1) 2(0.2) 1(0.1) 0(0) 1(0.2) 1(0.4)
Grade 3 (5x ULN-20x ULN), n (%) 2(0.2) 1(0.1) 0(0) 1(0.1) 0(0) 0(0) 0 (0)
Grade 4 (>20x ULN), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
ALT, IU/L
Grade 1 (ULN-3x ULN), n (%) 38 (3.1) 26 (3.7) 43 (5.4) 34 (4.6) 24 (3.8) 13 (3.1) 7(2.9)
Grade 2 (3x ULN-5x ULN), n (%) 1(0.1) 1(0.1) 0(0) 0(0) 0(0) 0(0) 2(0.8)
Grade 3 (5x ULN-20x ULN), n (%) 1(0.1) 0(0) 1(0.1) 2(0.3) 4(0.6) 0(0) 0 (0)
Grade 4 (>20x ULN), n (%) 0(0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
WBC, x10°3/mL
Grade 1 (3-LLN), n (%) 41 (4.1) 33 (6.7) 38 (7.1) 31 (6.6) 31(7.3) 20(7.2) | 15(10.0)
Grade 2 (2-3), n (%) 1(0.2) 3(0.6) 2(0.4) 2(0.4) 2(0.5) 1(0.4) 1(0.7)
Grade 3 (1-2), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
Grade 4 (<1), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Platelets, x10°3/mL
Grade 1 (75-LLN), n (%) 19 (1.9) 11 (2.2) 12 (2.3) 7(1.5) 5(1.2) 8(2.9) 2(1.4)
Grade 2 (50-75), n (%) 1(0.1) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0)
Grade 3 (25-50), n (%) 0(0) 0(0) 1(0.2) 0(0) 0(0) 0(0) 0 (0)
Grade 4 (<25), n (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
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AST: aspartate aminotransferase; ALT: alanine aminotransferase; WBC: white blood cell Details on the absolute number of patients screened each
month can be found in Table 2.
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