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BACKGROUND: A brand-name version of colchicine
(Colcrys) was introduced after its manufacturer conduct-
ed a clinical trial in acute gout patients, leading to higher
prices for this drug.
OBJECTIVE: We analyzed the impact of the new single-
source colchicine product on prescribing and patient
health spending as well as incidence rates of potentially
dangerous concomitant use of clarithromycin and cyclo-
sporine after formal FDA approval.
DESIGN/PARTICIPANTS: We conducted a retrospective
cohort study of UnitedHealth-affiliated enrollees newly
diagnosed with gout or FMF.
MAIN MEASURES: Among gout and FMF patients sepa-
rately, we assessed linear trends in colchicine prescrip-
tions, prescription drug costs, and total health care costs
from 2009 to September 2010 (market exclusivity an-
nounced) compared to January 2011 (market exclusivity
enforced) through 2012. Next, we estimated trends in co-
prescription within 15 days of clarithromycin,
azithromycin (indicated on the Colcrys label for use in
place of clarithromycin), and cyclosporine.
KEY RESULTS: Among gout patients, before Colcrys’
market exclusivity, the odds of receiving colchicine
within 30 days of gout diagnosis increased 1.4 %/
month (OR: 1.014, 95 % CI: 1.011–1.018). Following
FDA action, the odds decreased by 0.5 %/month
(OR: 0.995, 95 % CI: 0.992–0.999) (p<0.001). Simi-
larly, among FMF patients, odds of initiating colchi-
cine changed from an increase of 2.8 %/month to a
decrease by 7.6 %/month (p=0.01). Patients receiv-
ing colchicine experienced increases in average
monthly prescription drug costs ($418 vs. $651,
p<0.001) and health care costs ($3,406 vs. $3,534,
p<0 . 001 ) . I n c i d en c e r a t e s o f c o l c h i c i n e /
clarithromycin co-prescription before and after FDA
action did not change, while co-prescription of
colchicine/cyclosporine increased after introduction
of Colcrys [−0.75 monthly change in patients (95 %
CI: -1.07, -0.43) vs. 0.13 (95 % CI: -0.16, 0.42),
p<0.001].
CONCLUSIONS: The FDA’s actions were associated with
a reduction in colchicine initiation and an increase in
patient spending. By contrast, we did not observe any

associationwith improvements in avoidance of potentially
dangerous co-prescriptions.

J Gen Intern Med 30(11):1633–8

DOI: 10.1007/s11606-015-3285-7

© Society of General Internal Medicine 2015

INTRODUCTION

In June 2006, the Food and Drug Administration (FDA)
launched its unapproved drugs initiative to seek formal regulatory
review of dozens of prescription drugs that had been on the
market at the time the FDA first received authority to require
new prescription drugs to be tested for efficacy and safety.1 The
FDA’s goal was to accomplish this process Bwithout imposing
undue burdens on consumers, or unnecessarily disrupting the
market.^2 One of the drugs targeted by the FDAwas colchicine,
a therapeutic used to treat acute gout, as well as the rare inflam-
matory disease familial Mediterranean fever (FMF).
Following this initiative, a small controlled trial was con-

ducted in 2007 confirming that colchicine was efficacious in
managing acute gout.3 The trial randomized 184 patients to
receiving placebo (n=58), a low-dose colchicine regimen
(n=74) that had been recommended by professional society
treatment guidelines,4 and a high-dose regimen (n=52). After
1 week, gout patients in the low-dose regimen reported good
symptom management and fewer adverse events than the
longer regimen. The total effect size (38 % of patients receiv-
ing low-dose colchicine vs. 16 % in the placebo arm) mirrored
results from a previous trial of colchicine for acute gout (73 %
vs. 36 %).5 The trial concluded that the shortened dosing
regimen (1.2 mg and 0.6 mg 1 h later) was effective and safe.6

After reviewing the results from this trial, the FDA ap-
proved the brand-name colchicine (Colcrys) for use in US
patients with acute gout and granted the manufacturer a guar-
anteed period of 3 years of market exclusivity.7 The manufac-
turer also received 7 years of exclusivity under the Orphan
Drug Act for the drug’s use in FMF, although no new studies
were conducted in FMF patients.8 Colcrys was sold for ap-
proximately $5 per tablet, a substantial increase over the
average of $0.09 per tablet for which the unapproved version
of prescription colchicine was previously sold by numerous
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manufacturers.9 In a subsequent letter, the FDA justified its
actions by pointing to safety concerns with these unapproved
colchicine formulations, in particular deaths associated with
concomitant use of colchicine with the antibiotic
clarithromycin, noting that this approved version of colchicine
would be required to include information in its drug label
warning physicians about the potential danger of colchicine/
clarithromycin interactions.10,11 In fact, the label suggested to
physicians that azithromycin should be prescribed in place of
clarithromycin in patients requiring Colcrys.12

Despite the FDA’s initial approval of Colcrys on 30 July 2009,
some manufacturers making unapproved colchicine continued to
produce the drug until the FDA issued an order in September
2010 giving them 90 days to stopmanufacturing their products.13

Thus, in January 2011, Colcrys became the only colchicine
formulation in the US.14 The impact of this FDA order on trends
in colchicine prescribing and drug costs remains unknown.

METHODS

We evaluated the effect of the FDA-mandated change from
multisource to single-manufacturer production of colchicine in
the US on prescriptions of the drug for patients with gout or
FMF diagnoses, and on rates of co-prescriptions of colchicine
and clarithromycin and cyclosporine, two drugs for which
specific co-prescription warnings were provided in the new
Colcrys label. Our data source was the Optum Research Da-
tabase, which contains medical and pharmacy data on insur-
ance claims for more than 13 million current beneficiaries
affiliated with the UnitedHealth commercially insured popu-
lation.15 This source population reflects the nationwide geo-
graphic distribution of the health insurer and has demo-
graphics similar to the US census age distribution for gender
and age groups <65 years. Between 2011 and 2012,
UnitedHealth removed colchicine from Tier 1 (lowest cost,
for generic products) on its formulary and added Colcrys to
Tier 2 (midrange cost, for preferred brand-name products).16,17

We identified enrollees in the Optum database who were
newly diagnosed with gout (diagnosis codes 274.XX/V77.5 or
uric acid level>6.0 mg/dl) or FMF (277.31/713.7) from Janu-
ary 2009–December 2012 without the patient having any such
diagnoses or uric acid level in the prior 365 days of health plan
enrollment. Users included those who filled a prescription for
any version of colchicine within the 30 days after their index
date. We tabulated the percentages of colchicine users and
non-users among newly diagnosed patients in each month of
the study period, as well as the total number of colchicine
users and clarithromycin users in the Optum database, and the
average monthly prescription drug costs generated by patients
who were new users of colchicine.
First, we estimated a discontinuous logistic regression model

separately in patients newly diagnosed with gout and FMF. The
dependent variablewas a binary indicator for receiving colchicine
within 30 days after diagnosis, and independent variables were

constructed based on the month of diagnosis in order to estimate
the linear trend in the log odds of receiving colchicine, separately
from January 2009 to September 2010 and from January 2011 to
December 2012, as shown in the model, Logit{Pr(Yi=1)}=b0+
b1T1i+b2T2i+b3Posti, where Y is the indicator of colchicine dis-
pensing, T1 is a time variable that represents when each patient
was diagnosed with gout as the number of months after January
2009, T2 is a time spline that begins in January 2011, and Post is a
binary indicator of being diagnosed in January 2011 or after. The
90-day skip period corresponds to the transition time provided in
the FDA’s order enforcing Colcrys’ market exclusivity.13 This
model was reestimated adjusting for patient characteristics in-
cluding age, gender, Charlson score, the number of inpatient
visits, and the number of physician visits, calculated during the
year prior to diagnosis. T-tests were used to compare average
prescription drug costs before and after the FDA action among
both gout and FMF patients who initiated colchicine.
Finally, we used linear regression to estimate the change over

time in total patients per month receiving colchicine prescriptions
who also filled clarithromycin within 15 days, adjusting for
background prevalent use of colchicine and clarithromycin each
month (overall number of users per month), as shown in the
model, Yt=b0+b1T1t+b2T2t+b3Postt+b4Colcht+b5Clart, where Y
is the number of patients receiving co-prescription in eachmonth,
T1 is a time variable that represents the number of months after
January 2009, T2 is a time spline that begins in January 2011,
Post is a binary indicator of the period after the FDA order, Colch
is the number of patients receiving any prescription for colchicine
in each month, and Clar is the number of patients receiving any
prescription for clarithromycin. This adjustment allowed the
trends in co-prescription to be isolated from the overall trends
in the use of each drug. We did the same for co-prescriptions of
colchicine with azithromycin, which may be expected to rise in
the context of a clarithromycin-related warning, because the
Colcrys drug label identified azithromycin as a safe potential
substitute for clarithromycin with minimal drug-drug interac-
tions.18 We also examined co-prescriptions of colchicine with
cyclosporine, whichmay be expected to fall because of awarning
similar to the colchicine/clarithromycin one.
The correlation of repeated measures of the percentage of

patients receiving colchicine over time was effectively zero;
therefore, analyses that adjusted for this correlation were iden-
tical to the results in our main analysis.

RESULTS

The full cohort included 216,640 individuals, of which 630
(0.2 %) met entry criteria by virtue of an FMF diagnosis. The
cohort was 76 % male, had a mean age of 52 (SD 12.9), and
averaged 0.15 inpatient (SD 0.56) and 8.0 physician visits (SD
11.3) in the year before the index date. The pre- and post-FDA
order cohorts had similar demographic characteristics.
Focusing on patients newly diagnosed with gout, before the

FDA order, the odds of receiving colchicine within 30 days of
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diagnosis increased 1.4 %/month [odds ratio (OR): 1.014, 95 %
confidence interval (CI): 1.011–1.018]. Following the FDA
action, the odds decreased by 0.5 %/month (OR: 0.995, 95 %
CI: 0.992–0.999, p<0.001 for difference in trends). Between
September 2010 and January 2011, the odds of initiating col-
chicine within 30 days of diagnosis dropped by 16% (OR: 0.84,
95 % CI: 0.80–0.89) (Fig. 1a). After adjusting for patient
characteristics, trends were nearly identical before the FDA
order (OR: 1.015, 95 % CI: 1.012–1.019), after the order
(OR: 0.996, 95 % CI: 0.993–1.000), and between September
2010 and January 2011 (OR: 0.84, 95 % CI: 0.80–0.89).
Among patients newly diagnosed with FMF, the odds of

receiving colchicine within 30 days of diagnosis increased
2.8 %/month [odds ratio (OR): 1.028, 95 % confidence inter-
val (CI): 0.971–1.087]. Following the FDA action, the odds

decreased by 7.6 %/month (OR: 0.926, 95%CI: 0.866–0.978,
p=0.01 for difference in trends) (Fig. 1b).
Patients’ total prescription drug costs increased after the

FDA action. From January 2009 to September 2010, the
average monthly total prescription drug costs were $418 as
compared to $651 between January 2011 and December 2012
(p<0.001).
Figure 2 depicts the proportion of all colchicine patients each

month who received a co-prescription of clarithromycin during
our study time period. In contrast to the trends in prescribing and
drug costs, the trend in concurrent prescriptions of colchicine and
clarithromycin was falling both before and after the FDA action,
with no significant change in the rate of decline [−0.06 adjusted
average monthly change in number of patients (95 % CI: −0.35,
0.22) vs. -0.10 (95 % CI: −0.36,0.15), p=0.78 for difference in

Figure 1 a Percent of newly diagnosed gout patients receiving colchicine, 2009–2012. b Percent of newly diagnosed FMF patients receiving
colchicine, 2009–2012. Legend: This figure shows the raw percent of newly diagnosed gout (a) and FMF (b) patients initiating colchicine each
month from January 2009–December 2012, along with the trends in initiation, as estimated from the discontinuity logistic regression model
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trends] (Fig. 2a). Our additional co-prescribing analyses show no
significant difference in the rates of co-prescription of colchicine
with azithromycin [1.1 adjusted average monthly change in
number of patients (95 % CI: 0.09, 2.17) vs. 0.33 (95 % CI:
−0.56, 1.21], p=0.25 for difference in trends] before and after the
skip period relating to the time of FDA action and a significant
increase in co-prescription of colchicinewith cyclosporine [−0.75
adjusted averagemonthly change in number of patients (95%CI:

−1.07, -0.43) vs. 0.13 (95 % CI: −0.16, 0.42), p<0.001 for
difference in trends] (Fig. 2b–c).

DISCUSSION

We sought to evaluate the impact on a large commercially
insured population of the FDA’s actions related to colchicine, a

Figure 2 Panel a Number of patients receiving concomitant prescriptions of colchicine and clarithromycin, adjusted for the overall use of each
drug over time, 2009–2012. Panel b Analysis for concomitant prescriptions of colchicine and azithromycin, 2009–2012. c Analysis for
concomitant prescriptions of colchicine and cyclosporine, 2009–2012. Legend: This figure shows the number of patients who received a

concomitant prescription for clarithromycin (a), azithromycin (b), and cyclosporine (c) within 15 days of a colchicine prescription, adjusted for
the background trends in use for each drug, along with the adjusted trends in concomitant use, as estimated from the discontinuity model. In
the raw data, adjustment was carried out by standardizing the number of concomitant prescriptions observed each month based on the average

number of prescriptions per month for each drug over the entire study period
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drug that had been widely used for gout and sold at low cost for
many years in the US because it predated the FDA’s regulatory
authority over prescription drug efficacy and safety.19 After a
small trial showed safe and efficacious use of colchicine in a low-
intensity dosing regimen among patients with acute gout, the
FDA granted market exclusivity for the manufacturer, leading to
a substantial price increase. In response, UnitedHealth—as well
as other major insurers such as Aetna20 and Cigna21—increased
the co-payments for patients receiving a prescription of the drug.
The outcome, documented in this study, was a reduction in
initiations of colchicine and an increase in prescription drug costs
generated by patients starting Colcrys. Our study was limited to a
single insured population with co-payment arrangements as part
of its prescription drug benefits and thus may underestimate the
impact of the FDA’s actions in populations with less favorable
drug cost-sharing schemes.
Although we did not assess patient outcomes, the public

health implications of these findings are potentially substan-
tial. Diagnoses of gout—the primary indication for which
colchicine is used—have been increasing in the US in recent
years.22 Frequent flares of gout and tophi resulting from
persistently elevated uric acid levels are associated with ad-
verse physical and social consequences. When Colcrys
reached the market, numerous patients,23 providers,24 and
professional organizations25 worried how its higher price
would affect health care delivery,26 because colchicine has
long been known as an effective therapy for acute attacks of
gouty arthritis. Reduction in its use may contribute to exces-
sive reliance on alternative therapies such as non-steroidal
anti-inflammatory drugs or corticosteroids—which both have
important risks of their own27—and unnecessary office or
hospital visits by patients. In addition, anecdotal reports sug-
gested that some patients who switched from previously avail-
able unapproved brands to the FDA-approved version experi-
enced recurrence of adverse events because of the change in
formulation.28 Further research is necessary to identify wheth-
er there was a change in rates of colchicine-related adverse
events, such as gastrointestinal toxicity, among more limited
numbers of patients initiating colchicine during this time
period.
It is unlikely that the FDA approval of colchicine inspired

more physicians to use it in concert with cyclosporine. A more
likely explanation is that during the time period of our study, the
annual number of transplantationswas increasing, particularly for
kidney transplants,29 which are known to be associated with
hyperuricemia and gout.30 Transplant physicians may decide
with their patients that the benefits of co-prescription outweigh
the risks. Alternatively, the FDA or other public health authorities
may need to better publicize the concerning interaction with
cyclosporine that is formally in colchicine’s label.
The public health implications of our findings are potentially

more acute among patients with FMF for whom colchicine is the
primary therapeutic option. Reports have suggested that hardships
among this rare disease population are due to the introduction of
Colcrys and a concomitant increase in price.24 The manufacturer

offers a patient assistance program to help patients with the costs
of Colcrys, but these programs often have complicated qualifying
criteria and do not represent a dependable safety net.31

A leading justification for these changes was the enhanced
safety that a single, FDA-approved version of colchicine would
provide. However, we saw no change in the incidence of co-
prescriptions of colchicine and clarithromycin, the key interaction
of interest to the FDA. While we do not know whether patients
actually took the medications they were prescribed, it is interest-
ing that co-prescription of these two medications appears to have
been falling throughout the study period. The reason for the drop
in concomitant use is unclear but may be related to greater uptake
during these years of electronic medical record systems and other
tools by both physicians and pharmacists that provide automated
safety alerts related to specific drug-drug interactions, such as
colchicine-clarithromycin, an interaction that had been well-
documented by that time.32 This explanation accounts for the
steady rise in colchicine-azithromycin co-prescriptions during the
same time period, with no effect from the switch of the market to
Colcrys. However, further research into the reason why colchi-
cine and cyclosporine co-prescriptions appear to be rising in
recent years in direct contradiction to the labeled warning about
interactions between the two drugs is needed.
Our analysis is limited by the possibility that other policy

changes affecting colchicine use may have been occurring
during the same time period that were unknown to us. For
example, we cannot rule out other contributors to the observed
trends, such as new professional society guidelines for gout
management disseminated by the American College of Rheu-
matology during our study period.33 However, time trend
analyses control for population characteristics that affect drug
utilization as long as the population distribution does not
change significantly over time, which is often a reasonable
assumption in a large, insured population such as the one we
have used. To further explore the potential for changes in
population characteristics over time, we repeated models
adjusting for patient demographics and medical characteristics
and found no impact on estimated time trends
Data from the transition from colchicine to Colcrys may be

instructive to the FDA as it continues its unapproved drugs
initiative. The FDA’s goals in attempting to strengthen its
regulatory oversight related to unapproved drugs were laud-
able, but our study found that at least one expected public
health benefit—changes in dangerous co-prescriptions—did
not occur in the case of colchicine. By contrast, it is clear that
the FDA action resulted in a reduction in colchicine initiation
and an increase in cost.
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