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ABSTRACT

Objectives: To characterize clinical trials supporting FDA 
approval of new cancer therapeutics and of supplementary 
indications and off-label indication inclusions on DRUGDEX, a 
Medicare-referenced compendium, each of which can guaran-
tee reimbursement by Medicare.

Methods: Cross-sectional study using publicly available docu-
ments for cancer therapeutics initially approved by the FDA 
from 2005-2012. Trials supporting approval were identified, 
characterizing randomization, blinding, comparator, end point, 
number of patients, and duration.

Results: Between 2005-2012, FDA approved 37 new cancer 
therapeutics for 39 indications, based on 50 supportive trials. 
These therapeutics subsequently received 21 FDA supplemen-
tary indication approvals and 16 DRUGDEX off-label indication 
inclusions, based on 22 and 37 supportive trials, respectively. 
Of 109 total trials, 53.2% (95% CI, 43.9%-62.3%), 28.4% 
(95% CI, 20.8%-37.5%), and 53.2% (95% CI, 43.9%-62.3%) 
were randomized, double-blinded, and used a comparator, 
respectively. There was a median of 383 (interquartile range, 
178 to 623) patients among aggregated supportive trials, 
whereas 38.2% (95% CI, 28.1%-50.6%), 69.7% (95% CI, 
58.7%-78.9%), and 18.4% (95% CI, 11.3%-28.6%) were 
supported by at least 1 trial that lasted ≥6 months, used a 
comparator group, or used overall survival as a primary end 
point, respectively. There were few substantive differences in the 
aggregated clinical trial evidence supporting FDA new drug and 
supplementary indication approvals and DRUGDEX off-label 
indication inclusions.

Conclusions: The evidence supporting DRUGDEX off-label 
indications was similar to that used for FDA approval of new 
and supplementary cancer therapeutic indications, all of which 
had limitations for informing clinical decision making.
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U nderstanding the evidence supporting new drug and 
supplementary indication approvals by the FDA is 
important for cancer care. Because many cancer patients 

face life-threatening disease for which there is not necessarily 
an effective treatment, anecdotal evidence can exert a strong 
influence on clinical decisions,1 making rigorous and objective 
evaluation by the FDA essential. The FDA approves the use of 
cancer therapeutics for specific medical indications only when 

“adequate and well-controlled investigations” can demonstrate 
the therapeutic’s safety and efficacy.2 Although physicians 
can use therapeutics “off-label”—that is, for an indication not 
specifically approved by the FDA—FDA approval guarantees 
an indication’s reimbursement by CMS.3 Reimbursement, in 
turn, may influence how cancer therapeutics are used in an 
era of increasingly expensive cancer treatment.4,5

For cancer therapeutics, there are 2 ways by which phar-
maceutical manufacturers can ensure reimbursement for 
indications beyond those initially approved by the FDA. First, 
manufacturers can apply to the FDA for a second (or third, and 
so on) “supplementary indication” by providing supportive 
clinical evidence of a therapeutic’s efficacy and safety when 
used for the new indication. Second, manufacturers can seek 
the inclusion of off-label indications on Medicare-referenced 
compendia, which are comprehensive drug guides that list 
off-label indications deemed appropriate based on expert review 
of biomedical literature. The Omnibus Budget Reconciliation 
Act of 1993 required that CMS reimburse off-label cancer 
therapeutic use endorsed by these compendia.6 Because some 
private insurers are required to follow the same compendia 
per state legislation,7,8 inclusion of an off-label indication on 
compendia can secure coverage without FDA indication approval.

Concerns have been raised regarding the quality of clinical 
evidence supporting the FDA approval of new cancer therapeu-
tics,5,9 particularly the reliance on surrogate markers of disease 
as opposed to clinical outcomes.10,11 One prior study found that 
new drug and supplementary indication approvals for cancer 
drugs were supported by trials focused on clinical outcomes 
with similar frequency, but that trials supporting supplementary 
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indication approvals more frequently 
used active comparators (ie, compared 
the new therapeutic with an available 
therapeutic alternative).12 However, no 
studies have comprehensively assessed 
the quality of evidence supporting the 
inclusion of off-label indications on 
compendia for cancer therapeutics, 
even though a 2009 review by the 
Agency of Healthcare Research and 
Quality raised concerns regarding 
whether compendia used consistent 
standards and methodologies.13 Our objective was to 
characterize and compare the clinical trials supporting 
new drug and supplementary indication approvals by 
the FDA and off-label indication inclusion on DRUGDEX, 
a Medicare-referenced compendium, focusing on trial 
number, size, design, duration, and end points. We used 
DRUGDEX, the compendium managed by Micromedex, 
because all of its supporting documentation is publicly 
available, it may list the greatest number of off-label 
indications among Medicare-referenced compendia,13 and 
its classification of indications as on-label versus off-label 
facilitated comparison with the FDA approval process.

METHODS
Data Sources
Drugs@FDA is a publicly accessible database available 
through the FDA’s website that lists regulatory actions, such 
as approvals and drug labeling changes, for all currently 
approved prescription therapeutics.14 The database also 
contains documents relevant to each therapeutic’s regulatory 
history, including approval letters and other correspondence, 
medical reviews for new drug applications and biologic 
license applications, and current and historical drug labels. 
Clinical evidence supporting each FDA-approved indication 
is summarized on these labels. The Drugs@FDA database 
was downloaded on March 6, 2015, and October 12, 2015.

Micromedex DRUGDEX® (Truven Health Analytics) 
is 1 of 5 compendia currently recognized by the CMS 
under the Omnibus Budget Reconciliation Act.15 The most 
recent version of the compendium is available online by 
subscription. Data regarding revision history were not 
available on request. Each therapeutic’s monograph in 
DRUGDEX contains information on dosing, pharmacokinet-
ics, safety, and clinical applications. Clinical applications 
include information on both FDA-approved and off-label 
indications, with a description of supporting evidence 
reviewed. DRUGDEX monographs were downloaded on 
March 9, 2015, and October 12, 2015.

Study Sample
We limited our sample to novel therapeutics originally 
approved by the FDA between January 1, 2005, and 
December 31, 2012, for the treatment of cancer, as identified 
in a previous study (FIGURE).16 This time period allows 
at least 2 (and up to 10) years of follow-up for therapies 
to acquire supplementary indications and DRUGDEX 
off-label indications. Our sample excluded generic drugs, 
reformulations, and nontherapeutic agents, as well as 
non-anticancer agents (eg, plerixafor or tbo-filgrastim). 
Each therapeutic was categorized by original FDA approval 
year and as a pharmacologic or biologic agent.

Identifying Supplementary FDA Indications
We searched Drugs@FDA to identify supplementary 
indications for adults approved through March 6, 2015, and 
updated our search on October 12, 2015. Supplementary 
indications were identified by searching for regulatory 
decisions modifying the “Indication and Usage” section 
of the drug label. We included both supplementary 
indications approved through an additional new drug 
application or biologic license application, as well as 
those approved through an “efficacy supplement” to the 
therapeutic’s original new drug application or biologic 
license application.17 We excluded regulatory decisions 
that limited the scope of prior indications, or qualified 
or reworded a prior indication without significantly 
changing its scope. We excluded supplementary indica-
tions that only expanded a therapeutic’s use to pediatric 
patients, to facilitate comparison against off-label indica-
tions reimbursed by Medicare due to their inclusion  
on DRUGDEX.

Identifying Off-Label Indications in DRUGDEX
We last searched DRUGDEX on October 12, 2015, to identify 
off-label indications currently listed with a Class I, IIa, or 
IIb strength of recommendation or efficacy, per CMS criteria 
for what constitutes a “medically accepted indication.”18

PRACTICAL IMPLICATIONS
■■ There are 2 ways by which pharmaceutical manufacturers can be reimbursed for cancer 

therapeutics: seeking FDA approval for a new or supplementary indication or inclusion of a 
non-FDA approved indication on Medicare-referenced compendia.

■■ We found that the clinical trial evidence used to support inclusion of off-label indications on 
DRUGDEX (a Medicare-referenced compendium) was consistent with those used for FDA new 
drug and supplementary indication approvals for cancer therapeutics. 

■■ Most indications were not supported by trials examining overall survival benefit, and nearly one-
third were not supported by trials using a comparator group, raising concerns about whether the 
clinical evidence underlying these approvals are sufficient to inform clinical decision making.
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Indication Characteristics
We characterized each identified indication by approval 
type (FDA new drug, FDA supplementary, or DRUGDEX 
off-label). Indications were classified into “hematologic,” 

“solid tumor, curative intent,” and “solid tumor, noncurative 
intent.” “Noncurative intent” refers to indications that 
explicitly mention metastatic or advanced disease, salvage 
therapy, second-line use or use after other therapies, or 
failure of prior therapies (eg, disease that is refractory, 
resistant, relapsed, or progressive after prior therapy). We 
also identified whether FDA supplementary and DRUGDEX 
off-label indications treated the same target cancer type as 
the original FDA indication.

Identification of Evidence Supporting Therapeutic Efficacy
We identified the clinical evidence of therapeutic efficacy 
supporting FDA new drug and supplementary approvals 
and DRUGDEX off-label indications. For FDA new drug 
approvals, we used medical reviews to identify “pivotal 
efficacy trials” supporting the indication’s approval, as 
described in a previous study.16 For FDA supplementary 
indications, medical review documents were generally 
not available. Instead, we included all trials listed on 
FDA drug labels issued at the time of an indication’s 
approval as supportive evidence for that indication. Per 
FDA guidance, labels should include “clinical studies that 
provide primary support for effectiveness…provide other 
important information about a drug’s effectiveness…and 
prospectively evaluate important safety end points.”19 To 
obtain further details for trials listed on labels, we performed 
literature searches to identify associated publications. For 
DRUGDEX off-label indications, supportive evidence and 
associated publications are summarized online on each 

therapeutic’s monograph. We included 
all trials listed on the monograph 
as evidence of clinical efficacy, but 
excluded retrospective studies, review 
papers, and trials focused only on safety. 
When multiple cited publications 
referred to the same trial, we counted 
it as only 1 trial.

Characterization of  
Supportive Evidence
Each supportive trial was categorized 
by its use of randomization, double-
blinding, and comparator group. Trials 
using “active comparators” compared 
the efficacy of the study therapeutic 
against an available therapeutic 

alternative; trials using “placebo comparators” compared 
the study therapeutic against placebo; and trials with “no 
comparator” included single-arm trials and multi-arm 
trials comparing the study therapeutic to itself only. We 
classified primary end points as “overall survival” or 

“surrogate marker of disease.” Using a framework based on 
prior literature and an Institute of Medicine report,16,20,21 
surrogate markers of disease included measures of disease 
progression and other radiologic or pathologic markers of 
response. We also categorized trials by the number of overall 
patients and those assigned to the intervention group. We 
recorded the median duration of treatment for each trial, 
calculated as the time between when the first dose of the 
drug was administered and when the primary end point 
was measured. Median duration of exposure was used as 
a proxy for trial duration in trials which measured time 
to outcomes (such as overall survival or time to progres-
sion). When the trial had multiple arms, we calculated a 
weighted mean of the median durations of each arm. Two 
investigators (NSD, JSR) performed the abstraction for 
FDA new drug approvals, while a third (KWS) performed 
the abstraction for supplementary FDA approvals and 
DRUGDEX off-label indications. Any abstraction for which 
there was uncertainty was reviewed with 2 investigators 
(NSD, JSR) to establish consensus.

Statistical Analysis
Using descriptive statistics, we characterized the overall 
sample of supportive trials identified in our study. Next, 
we used descriptive statistics to characterize features of 
trials aggregated at the indication level (ie, summarizing all 
trials used to support each indication). We then used χ2 or 
Kruskal-Wallis tests as appropriate to examine differences 

Figure. Sample Cohort of Cancer Therapeutics Approved by the FDA, 2005-2012; Associated 
Supplementary Indications Approved by the FDA and Off-Label Indications Included in 
DRUGDEX, With Associated Supportive Trials

37 novel cancer therapeutics 
approved by the FDA between 

2005-2012

Approved for  
39 indications  

at initial FDA approval  
(across all 37 agents)

50 supportive trials cited

Approved for 21 supplementary 
indications with subsequent 
FDA regulartory decisions 

(across 17 agents)

22 supportive trials cited

Approved for 16  
off-label indications  

with DRUGDEX  
(across 10 agents)

37 supportive trials cited
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among supportive trials and indications. 
In addition, we calculated the median 
time from the original FDA new drug 
approval to the approval of the first FDA 
supplementary indication; dates for off-
label indication endorsement were not 
available within DRUGDEX. Analyses 
were performed using Microsoft Excel 
2011 and JMP version 12 (SAS Institute, 
Inc; Cary, North Carolina). All statistical 
tests were 2-tailed and used a type I 
error rate of 0.01 to account for multiple 
comparisons across 5 therapeutic agent 
and indication characteristics.

RESULTS
FDA New Drug Approvals
Between 2005 and 2012, the FDA 
approved 37 new cancer therapeutics, 
of which 21 (56.8%) were pharma-
cologic agents and 16 (43.2%) were 
biologic agents (TABLE 1). These 37 
therapeutics were originally approved 
for 39 indications. Fifteen (38.5%) and 
24 (61.5%) of the indications were for 
hematologic malignancies and solid 
tumors, respectively, and all 24 solid 
tumor indications were classified as 
noncurative intent.

FDA Supplementary  
Indication Approvals
Of the 37 novel therapeutics, 17 
(45.9%) subsequently received an FDA 
supplementary indication approval, 
for a total of 21 supplementary indica-
tions (Supplementary Table). Seven 
supplementary indications (33.3%) were for hematologic 
malignancies, while 14 (66.7%) were for solid tumors, 
and 11 of these solid tumor indications were classified as 
noncurative intent. Ten (47.6%) treated the same cancer 
type as the original FDA indication. Of these, 8 (80.0%) 
expanded treatment to an earlier line of therapy or changed 
the accompanying regimen. One of the 10 (10.0%) expanded 
the use of pertuzumab to the neoadjuvant setting for breast 
cancer, while another 1 (10.0%) expanded the use of 
romidepsin from cutaneous to peripheral T-cell lymphoma. 
A median of 920 days (interquartile range [IQR], 583-1521) 
passed between the original FDA new drug approval and 
the approval of the first supplementary indication.

Inclusion of Off-Label Indications in DRUGDEX
Of the 37 novel therapeutics, 10 (27.0%) had off-label 
indications included on DRUGDEX, for a total of 16 off-label 
indications (Supplementary Table). Six off-label indications 
(37.5%) were for hematologic malignancies, while 10 (62.5%) 
were for solid tumors, and all 10 solid tumor indications 
were classified as noncurative intent. Six (37.5%) treated the 
same cancer type as the original FDA indication. Of these 6 
indications, 4 (66.6%) changed the line of therapy and/or 
accompanying regimen, 1 (16.6%) expanded the use of nilotinib 
to blastic phase chronic myelogenous leukemia (in addition 
to chronic and accelerated phase disease), and 1 (16.6%) 
expanded the use of lapatinib to inflammatory breast cancer.

Table 1. Novel Cancer Therapeutics Approved by the FDA, 2005-2012, and Associated Supple-
mentary Indications Approved by the FDA and Off-Label Indications Included in DRUGDEX

FDA New 
Drug Approval

FDA  
Supplementary 

Indication Approval

DRUGDEX 
Off-Label 
Indication

Therapeutic agents, n 37 17 10

Therapeutic type

Pharmacologic 21 (56.8%) 13 (76.5%) 9 (90.0%)

Biologic 16 (43.2%) 4 (23.5%) 1 (10.0%)

Indications, n 39 21 16

Median indications per therapeutic agent (IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-2.0)

Total supportive trials, n 50 22 37

Median supportive trials per indication (IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 2.0 (1.0-3.0)

Indication class, n (%)

Hematologic malignancy 15 (38.5%) 7 (33.3%) 6 (37.5%)

Solid tumor 24 (61.5%) 14 (66.7%) 10 (62.5%)

Same target cancer type  
as initial FDA indication, n (%)

Yes - 10 (47.6%)  6 (37.5%)

No - 11 (52.4%) 10 (62.5%)

Indication approval year, n

2005 2 0 -

2006 5 0 -

2007 4 1 -

2008 2 1 -

2009 5 0 -

2010 2 4 -

2011 8 3 -

2012 11 4 -

2013 - 3 -

2014 - 3 -

2015 - 2 -

Median days from initial indication  
to first supplementary indication (IQR)

- 920 (583-1521) -

IQR indicates interquartile range. 
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Characteristics of Supportive Trials by Approval Type
In total, 50 trials supported new drug approvals, 22 trials 
supported FDA supplementary indication approvals, and 37 
trials supported DRUGDEX off-label indications (TABLE 2). 
Of the 109 total trials identified, 53.2% (95% CI, 43.9%-
62.3%) were randomized, 28.4% (95% CI, 20.8%-37.5%) 
were double-blinded, 53.2% (95% CI, 43.9%-62.3%) used 
any comparator (either active or placebo), and 19.3% 
(95% CI, 12.9%-27.7%) used an active comparator. Use 
of randomization differed by approval type (P = .01), with 
fewer trials supporting FDA new drug approvals and 
DRUGDEX inclusions using randomization than trials 
supporting FDA supplementary indication approvals. 
Similarly, use of double-blinding and any comparator 
differed by approval type (P = .009 and P = .01, respectively), 
with fewer trials supporting FDA new drug approvals and 
DRUGDEX inclusions using double-blinding and any 

comparator than trials supporting FDA 
supplementary indication approvals, 
although there was no difference in 
use of an active comparator (P = .57). 
Surrogate markers were used in 87.2% 
(95% CI, 79.6%-92.2%) of trials, which 
did not vary by approval type (P = .22).

There were significant differences 
in the number of total patients and 
intervention patients enrolled in trials 
supporting FDA new drug approvals, 
FDA supplementary drug approvals, 
and DRUGDEX off-label indications 
(total patients, 264, 414, and 86, respec-
tively; intervention patients, 191, 214, 
and 63, respectively; both P <.001; 
TABLE 3). Overall, trials had a median 
length of 18.4 weeks (IQR, 12.4-31.6), 

and 30.3% of trials (95% CI, 22.4%-39.5%) lasted more 
than 6 months. Neither measure of trial duration varied by 
approval type (P = .32 and P = .06, respectively).

Characterization of Aggregate Trial Features Support-
ing Approved Indications, by Approval Type
FDA new drug approvals, FDA supplementary indication 
approvals, and DRUGDEX off-label indication inclusions 
were supported by a median of 1.0 trial (IQR, 1.0-1.0), 1.0 
trial (IQR, 1.0-1.0), and 2.0 trials (IQR, 1.0-3.0) per indication, 
respectively (TABLE 4). All indications had at least 1 sup-
portive trial. FDA new drug and supplementary indication 
approvals cited 1 or 2 trials each, with the exception of the 
original approval of dasatanib, which cited 6. DRUGDEX 
off-label indication inclusions cited a median of 2 trials 
(IQR, 1-3), with a maximum of 7 trials for the first-line use 
of bendamustine for non-Hodgkin lymphoma.

Table 2. Design of Supportive Trials Providing the Basis for FDA Approval of 37 Cancer Therapeutics, 2005-2012; Supplementary Indication 
Approvals; and Off-Label Indications Included in DRUGDEX

Approval  
type

Trial design, (%) [95% CI] Comparator, (%) [95% CI] End point, (%) [95% CI]

Randomized Double-blinded Placebo Active Any Surrogate marker Overall survival

All trials 58 (53.2) 31 (28.4) 37 (33.9) 21 (19.3) 58 (53.2) 95 (87.2) 14 (12.8)

(n = 109) [43.9-62.3] [20.8-37.5] [25.7-43.2] [12.9-27.7] [43.9-62.3] [79.6-92.2] [7.8-20.4]

FDA new drug
(n = 50)

23 (46.0) 
[33.0-59.6]

12 (24.0) 
[14.3-37.4]

14 (28.0)
[17.5-41.7]

9 (18.0)
[9.8-30.8]

23 (46.0)
[33.0-59.6]

41 (82.0)
[69.2-90.2]

9 (18.0) 
[9.8-30.8]

FDA supplementary
(n = 22)

18 (81.8) 
[61.5-92.7]

12 (54.5) 
[34.7-73.1]

15 (68.2)
[47.3-83.6]

3 (13.6)
[4.7-33.3]

18 (81.8)
[61.4-92.7]

19 (86.4)
[66.7-95.3]

3 (13.6)
[4.7-33.3]

DRUGDEX off-label
(n = 37)

17 (46.0) 
[31.0-61.6]

7 (18.9)
[9.5-34.2]

8 (21.6)
[11.4-37.2]

9 (24.3)
[13.4-40.1]

17 (45.9)
[31.0-61.6]

35 (94.6)
[82.3-98.5]

2 (5.4)
[1.5-17.7]

Pa .01 .009 <.001 .57 .01 .22 .22
aP value for difference across approval type: FDA new drug approval, FDA supplementary indication approval, and DRUGDEX indication inclusion.

Table 3. Median Number of Patients and Duration of Supportive Trials Providing the Basis for 
FDA Approval of 37 Cancer Therapeutics, 2005-2012; Supplementary Indication Approvals; 
and Off-Label Indications Included in DRUGDEX

Approval type

Median Patients, n (IQR) Trial Duration

Total
Intervention 

Group
Median, week 

(IQR)
≥6 months (%), 

[95% CI]

All trials
(n = 109)

171
(73-488)

148
(63-289)

18.4
(12.4-31.6)

33 (30.3)
[22.4-39.5]

FDA new drug 
(n = 50)

264 
(93-615)

191 
(93-372)

22.1
(11.4-31.7)

17 (34.0)
[22.4-47.8]

FDA supplementary
(n = 22)

414
(161-673)

214 
(108-343)

24.0
(14.3-41.3)

9 (40.9)
[23.3-61.3]

DRUGDEX off-label
(n = 37)

86
(40-268)

63
(39-156)

17.0
(12.5-24.5)

7 (18.9)
[9.5-34.2]

Pa <.001 <.001 .32 .06

IQR, interquartile range
aP value for difference across approval type: FDA new drug approval, FDA supplementary indication approval, and DRUGDEX 
indication inclusion.



  Vol. 9, No. 4 | The American Journal of Pharmacy Benefits®  127
www.ajpb.com

Clinical Trials of Cancer Therapeutics

Indications were supported by total and intervention 
group patient populations of 383 (IQR, 178-623) and 
239 (IQR, 153-397) across aggregated supportive trials, 
neither of which varied by approval type (P = .47 and .31, 
respectively). Only 38.2% (95% CI, 28.1%-50.6%) and 6.6% 
of indications (95% CI, 2.8%-14.5%) were supported by 
trials lasting more than 6 and 12 months, respectively. This 
did not vary by approval type (P = .95 and .81, respectively). 
Patient-time exposure among aggregated supportive trials 
was 8516 patient-weeks (IQR, 2645-15,744), which did not 
vary by approval type, either (P = .14).

While 69.7% of indications (95% CI, 58.7%-78.9%) were 
supported by a trial with any comparator (either active or 
placebo), only 26.3% of indications (95% CI, 17.7%-37.2%) 
were supported by a trial with an active comparator. Neither 
use of any nor an active comparator varied by approval type 
(P = .09 and .04, respectively). Only 18.4% of indications 

(95% CI, 11.3%-28.6%) were supported by a trial using 
overall survival as a primary end point: 23.1% (95% CI, 
12.6%-38.3%) of FDA new drug approvals, 14.3% (95% CI, 
5.0%-34.6%) of FDA supplementary indication approvals, 
and 12.5% (95% CI, 3.5%-36.0%) of DRUGDEX off-label 
indications. This did not vary by approval type (P = .56). 
No hematologic indications were supported by a trial using 
overall survival as a primary end point.

DISCUSSION
Our study characterized and compared the clinical trial 
evidence underlying the original FDA approval of new 
cancer therapeutics, the subsequent FDA approval of 
supplementary indications for these therapeutics, and the 
inclusion of off-label indications for these therapeutics on 
the Medicare-referenced compendium, DRUGDEX. Some 
may consider the quality of evidence supporting cancer 

Table 4. Number of Trials, Number of Patients, and Characteristics of Trials Providing the Basis for FDA Approval of 37 Cancer Therapeutics, 2005-
2012; Supplementary Indication Approvals; and Off-Label Indications Included in DRUGDEX

Approval  
type

Median 
supportive 

trials,a  
n (IQR)

Patients in  
aggregated cited trials,  

median (IQR)
Patient-weeks 

aggregated 
cited trials,b 
median (IQR)

Indications approved on basis of at least 1 trial  
that met criteria below (%) [95% CI]

Trial duration Comparator End point

Total
Intervention  

group
≥6  

months 
≥12 

months Placebo Active Any
Overall 
survival

All indications
(n = 76)

1.0 
(1.0-1.0)

383 
(178-623)

239 
(153-397)

8516 
(2645-15,744)

31 (40.8) 
[30.4-52.0]

5 (6.6) 
[2.8-14.5]

33 (43.4) 
[32.9-54.6]

20 (26.3) 
[17.7-37.2]

53 (69.7)
[58.7-78.9]

14 (18.4) 
[11.3-28.6]

FDA new drug 
(n = 39)

1.0 
(1.0-1.0)

397 
(169-643)

277 
(163-419)

9108 
(3412-15,975)

16 (41.0) 
[27.1-56.6]

2 (5.1) 
[1.4-16.9]

14 (35.9) 
[22.7-51.6]

9 (23.1) 
[12.6-38.3]

23 (59.0)
[43.4-72.9]

9 (23.1)
[12.6-38.3]

Heme  
(n = 15)

1.0 
(1.0-2.0)

167 
(102-288)

154 
(102-266)

3140 
(2057-8786)

5 (33.3) 
[15.2-58.3]

1 (6.7) 
[1.2-29.8]

0 (0.0) 
[0.0-0.0]

2 (13.3) 
[3.7-37.9]

2 (13.3)
[3.7-37.9]

0 (0.0) 
[0.0-0.0]

Solid  
(n = 24)

1.0 
(1.0-1.0)

615 
(347-767)

378 
(230-504)

12,884 
(6177-23,455)

11 (45.8) 
[27.9-64.9]

1 (4.2) 
[0.7-20.2]

14 (58.3) 
[38.8-75.5]

7 (29.2) 
[14.9-49.2]

21 (87.5)
[69.0-95.7]

9 (37.5) 
[21.2-57.3]

FDA  
supplementary 
(n = 21)

1.0 
(1.0-1.0)

417 
(189-690)

221 
(122-361)

10,316 
(3918-17,073)

9 (42.9) 
[24.5-63.5]

2 (9.5) 
[2.7-28.9]

15 (71.4) 
[50.0-86.2]

3 (14.3)
[5.0-34.6]

18 (85.7)
[65.4-95.0]

3 (14.3) 
[5.0-34.6]

Heme  
(n = 7)

1.0 
(1.0-10)

447
 (178-792)

221 
(165-396)

15,792 
(1800-40,608)

5 (71.4) 
[35.9-91.8]

1 (14.3)
 [2.6-51.3]

3 (42.9) 
[15.8-75.0]

2 (28.6) 
[8.2-64.1]

5 (71.4)
[35.9-91.8]

0 (0.0) 
[0.0-0.0]

Solid  
(n = 14)

1.0 
(1.0-1.0)

414 
(192-673)

227 
(105-365)

9244 
(4123-14,607)

4 (28.6) 
[11.7-54.6]

1 (7.1)
 [1.3-31.5]

12 (85.7) 
[60.0-96.0]

1 (7.1) 
[1.3-31.5]

13 (92.9)
[68.5-98.7]

3 (21.4)
 [7.6-47.6]

DRUGDEX 
off-label
(n = 16)

2.0 
(1.0-3.0)

269 
(143-520)

177 
(88-296)

3466 
(1664-12,237)

6 (37.5) 
[18.5-61.4]

1 (6.3) 
[1.1-28.3]

4 (25.0) 
[10.2-49.5]

8 (50.0) 
[28.0-72.0]

12 (75.0)
[50.5-89.8]

2 (12.5) 
[3.5-36.0]

Heme  
(n = 6)

2.0 
(1.0-4.0)

155 
(53-406)

120 
(53-289)

2294 
(61-7827)

4 (66.7) 
[30.0-90.3]

1 (16.7) 
[3.0-56.4]

0 (0.0) 
[0.0-0.0]

3 (50.0) 
[18.8-81.2]

3 (50.0)
[18.8-81.2]

0 (0.0) 
[0.0-0.0]

Solid  
(n = 10)

2.0 
(1.0-3.0)

348 
(240-547)

260 
(161-304)

6119 
(2254-14,563)

2 (20.0) 
[5.7-51.0]

0 (0.0)
[0.0-0.0]

4 (40.0) 
[16.8-68.7]

5 (50.0) 
[23.7-76.3]

9 (90.0)
[59.6-98.2]

2 (20.0) 
[5.7-51.0]

Pc <.001 .47 .31 .14 .95 .81 .007 .04 .09 .56

IQR, interquartile range; Heme indicates hematologic malignancy; solid indicates solid tumor malignancy.
aSupportive trials include pivotal efficacy trials for FDA new drug approvals; evidence listed on drug label at time of indication’s approval for supplementary FDA indications; and publications 
cited by DRUGDEX for DRUGDEX off-label indications.
bFor each trial, patient-week exposure was calculated by multiplying median duration of treatment by overall number of patients (intention to treat). Trial-level patient-weeks were summed to 
obtain patient-weeks for each indication.
cP value for difference across approval type: FDA new drug approval, FDA supplementary indication approval, and DRUGDEX indication inclusion.
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therapeutic approvals to have limitations for informing 
clinical decision making, as only 70% of indications were 
supported by a trial using an active or placebo comparator, 
30% by a trial lasting more than 6 months, and 18% by a 
trial using overall survival as a primary end point. However, 
when viewed in aggregate, new drug and supplementary 
indication approvals by the FDA and off-label indication 
inclusions by DRUGDEX were generally supported by 
similar bodies of clinical trial evidence.

At the individual trial level, we found some differences 
across approval types, potentially suggesting that the trials 
supporting FDA supplementary indication approvals were of 
higher quality, as they had the highest rates of randomization, 
double-blinding, and use of any comparator, and had the 
largest patient populations and duration of study. While 
these differences were not significant on aggregate, it does 
suggest that once a cancer therapeutic is originally approved 
for use, the FDA evidentiary standards for supplementary 
indication approvals are higher than those used by DRUGDEX 
for off-label indication inclusions. Further studies should 
examine the standards used by other compendia. If their 
standards are lower, from an evidentiary standpoint, the 
decision to allow experts outside of FDA to determine 
indications for which Medicare will pay for therapy may 
be eroding incentives to produce rigorous evidence that 
supports FDA supplementary indication approvals. 

The strength of clinical evidence supporting these 
indications has important implications for informing 
cancer care clinical decision making. Although oncologists 
routinely use cancer therapeutics for indications outside 
those approved by the FDA or included on compendia,22-24 
the formal endorsement of new indications through these 
pathways provides an additional expert review of safety 
and efficacy, and defines the prevailing standard of cancer 
care by helping secure reimbursement. The vast majority 
of indications in our study were only supported by trials 
using surrogate markers of disease, as opposed to overall 
survival, even though recent research has cast doubt on 
the mortality benefit of cancer therapeutics approved on 
the basis of surrogate markers.10,11 Moreover, no trial in 
our sample used patient-reported outcomes as a primary 
end point. Our finding that nearly one-third of indications 
lacked support by a trial using a comparator group further 
highlights weaknesses in the quality of trials used as sup-
portive evidence. Nearly three-fourths of indications also 
lacked active comparator data, raising questions regarding 
the comparative effectiveness of these treatments, though 
some may have targeted disease for which no therapeutic 
alternative exists. FDA and Medicare should consider 
whether supplementary indication approvals and compendia 

off-label indication inclusions should be permitted on the 
basis of evidence that is focused on surrogate markers of 
disease or without active or placebo comparator; given 
that these medications are already approved for use by 
patients, higher standards could be required.

The development of new indications for already-approved 
therapeutics, whether it be through the approval of supple-
mentary indications by the FDA or inclusion of off-label 
indications on compendia, may complement the costly 
process of new drug development, particularly for advanced 
or rare diseases. Indeed, more than half of the new indica-
tions in our study expanded therapeutics’ use to a different 
target cancer type, and most of them treated advanced 
disease. As clinical trials begin to systematically match 
already-approved therapeutics to different target cancers 
based on tumor genomic abnormalities,25 supplementary 
indications and compendia off-label indications will likely 
play an increasingly important role in defining the standard 
of care. However, both the FDA and compendia review 
processes, as well as the reimbursement policies referencing 
their decisions, must balance the urgency of identifying new 
treatments with the need to ensure drug safety and efficacy. 
Prior work has highlighted the FDA’s flexible standards for 
the approval of new cancer therapeutics.16,26,27 This flexibility 
may be beneficial when the cancers being treated are life-
threatening and lack other effective treatment options, but 
it also invites criticism that the evidentiary threshold for 
approval is too low, especially given concerns that some 
new and expensive treatments offer only marginal benefits 
over existing therapies.9 Our findings suggest that similar 
uncertainties may apply to FDA supplementary indications 
and compendia off-label indications. 

Ultimately, it is vital that the pharmaceutical industry 
produces data that matter for patients. Stringent postmarket-
ing requirements could theoretically ensure that the industry 
conducts rigorous studies evaluating whether FDA-approved 
indications improve survival.28 Unfortunately, recent 
studies suggest that these requirements are not consistently 
enforced and completed on a timely basis,29 that one-third 
of FDA cancer therapeutic approvals based on surrogate 
markers have not been followed up with a study examining 
overall survival,11 and that less than 5% of FDA approvals 
based on surrogate markers, across all indications, have 
not been followed up with a randomized, double-blind 
study demonstrating improved clinical outcomes.30 
Furthermore, no external regulatory mechanisms currently 
exist to evaluate off-label therapeutic use endorsed by 
compendia. Some authors have proposed expanded use 
of “coverage-under-evidence development” as a solution,31 
in which CMS reimburses off-label therapeutic use on the 
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condition that treated patients are enrolled into a clinical 
trial evaluating the therapeutic’s safety and efficacy.

Limitations
Our study has several limitations. First, we only characterized 
the inclusion of off-label indications on DRUGDEX, 1 of 
several CMS-referenced compendia. While the National 
Cancer Comprehensive Network (NCCN) compendium 
probably exerts greater influence on clinical decision-making, 
it does not clearly label endorsed indications as off-label 
or list any supportive evidence, making direct comparison 
against FDA approvals difficult. Although the NCCN 
guidelines (upon which the compendium is based) may cite 
relevant studies in its discussion section, study citation is 
not uniform and systematic, precluding its use for this study. 

Second, we identified supportive evidence differently for 
each approval type, due to the varying regulatory information 
available: We used medical review documents for FDA 
new drug approvals, drug labels for FDA supplementary 
approvals (as has been done previously12,32), and trials cited 
by DRUGDEX online for endorsed off-label indications. We 
likely identified the strongest evidence considered for FDA 
approvals, as we found a median of 1 supportive trial for 
both new drug and supplementary indications. However, 
we may have overstated DRUGDEX’s evidentiary standards, 
as we had access to the supportive evidence currently listed 
online, but not the evidence listed at the time an off-label 
indication was first endorsed. 

Third, we did not assess measures of evidentiary quality 
other than trial design, such as effect sizes or safety, nor did 
we assess factors that might reasonably change the evidentiary 
threshold for approval, such as the severity of the target 
cancer and the availability of other effective treatments. 

Fourth, because the vast majority of solid tumor indica-
tions were classified as noncurative intent, across approval 
types, we were unable to compare evidentiary quality 
supporting indications with curative and noncurative 
intent. Finally, despite studying 8 years of approvals, our 
small sample size may have limited us from detecting 
statistically significant differences among approval types. 
Additionally, on this same point, because our study was 
limited to FDA approvals between 2005 and 2012, our 
results may not be generalizable to cancer therapeutics 
approved prior to this period.

CONCLUSIONS
Although there was some variation in the strength of 
the clinical trials supporting the FDA approval of new 
cancer therapeutics, the FDA approval of supplementary 
indications, and DRUGDEX off-label indication inclusions, 

in aggregate the 3 approval types are supported by similar 
bodies of clinical trial evidence. Most indications were 
not supported by trials examining overall survival benefit, 
and nearly one-third were not supported by trials using a 
comparator group. These are levels of evidence that some 
may consider to be limited for informing clinical decision 
making for cancer treatment.
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Supplementary Table 1 (Online Only): All indications for 37 cancer therapeutics approved by the US Food and Drug Administration (FDA) 

between 2005 and 2012, supplementary indication approvals, and DRUGDEX indication inclusions. 

INDICATION 
SOURCE DRUG INDICATION 

APPROVAL 
DATE 

SUPPORTIVE 
TRIALS, No. 

FDA new drug 
Abiraterone 
Acetate 

In combination with prednisone for the treatment of patients with metastatic castration-
resistant prostate cancer who have received prior chemotherapy containing docetaxel.  4/28/11 1 

  

Asparaginase 
Erwinia 
Chrysanthemi 

Used as a component of a multi-agent chemotherapeutic regimen for the treatment of 
patients with acute lymphoblastic leukemia who have developed hypersensitivity to E. 
coli-derived asparaginase. 11/18/11 1 

  Axitinib Treatment of advanced renal cell carcinoma after failure of one prior systemic therapy. 1/27/12 1 

  Bendamustine Treatment of patients with chronic lymphocytic leukemia. 3/20/08 1 

  Bosutinib 
Treatment of adult patients with chronic, accelerated, or blast phase Ph+ chronic 
myelogenous leukemia with resistance or intolerance to prior therapy. 9/4/12 1 

  

Brentuximab 

Treatment of patients with Hodgkin lymphoma after failure of autologous stem cell 
transplant (ASCT) or after failure of at least two prior multi-agent chemotherapy 
regimens in patients who are not ASCT candidates. 8/19/11 1 

  
Treatment of patients with systemic anaplastic large cell lymphoma after failure of at 
least one prior multi-agent chemotherapy regimen. 8/19/11 1 

  Cabazitaxel 

In combination with prednisone for treatment of patients with hormone-refractory 
metastatic prostate cancer previously treated with a docetaxel-containing treatment 
regimen. 6/17/10 1 

  
Cabozantinib 
S-Malate Treatment of patients with progressive, metastatic medullary thyroid cancer. 11/29/12 1 



  
 

	  
	  

  Carfilzomib 

Treatment of patients with multiple myeloma who have received at least two prior 
therapies including bortezomib and an immunomodulatory agent and have 
demonstrated disease progression on or within 60 days of completion of the last 
therapy. 7/20/12 1 

  Crizotinib 
Treatment of patients with locally advanced or metastatic non-small cell lung cancer 
that is anaplastic lymphoma kinase positive as detected by an FDA-approved test. 8/26/11 2 

  Dasatinib 

Treatment of adults with chronic, accelerated, or myeloid or lymphoid blast phase 
chronic myeloid leukemia with resistance or intolerance to prior therapy including 
imatinib. 7/28/06 6 

  Degarelix Treatment of patients with advanced prostate cancer. 12/24/08 1 

  Enzalutamide 
Treatment of patients with metastatic castration-resistant prostate cancer who have 
previously received docetaxel.  8/31/12 1 

  Eribulin 

Treatment of patients with metastatic breast cancer who have previously received at 
least two chemotherapeutic regimens for the treatment of metastatic disease. Prior 
therapy should have included an anthracycline and a taxane in either the adjuvant or 
metastatic setting. 11/15/10 1 

  Everolimus 
Treatment of patients with advanced renal cell carcinoma after failure of treatment 
with sunitinib or sorafenib. 3/30/09 1 

  Ipilimumab Treatment of unresectable or metastatic melanoma. 3/25/11 1 

  Ixabepilone 

Treatment of metastatic or locally advanced breast cancer, either in combination with 
capecitabine after failure of an anthracycline and a taxane, or as monotherapy after 
failure of anthracycline, a taxane, and capecitabine. 10/16/07 2 

  Lapatinib Treatment of patients with advanced or metastatic breast cancer whose tumors 
overexpress HER2 and who have received prior therapy including an anthracycline, a 

3/13/07 1 



  
 

	  
	  

taxane, and trastuzumab. 

  Nelarabine 

Treatment of patients with T-cell acute lymphoblastic leukemia and T-cell 
lymphoblastic lymphoma whose disease has not responded to or has relapsed 
following treatment with at least two chemotherapy regimens. 10/28/05 2 

  Nilotinib 

Treatment of chronic phase and accelerated phase Philadelphia chromosome positive 
chronic myelogenous leukemia in adult patients resistant to or intolerant to prior 
therapy that included imatinib. 10/29/07 1 

  Ofatumumab 
Treatment of patients with chronic lymphocytic leukemia refractory to fludarabine and 
alemtuzumab. 10/26/09 1 

  Omacetaxine 
Treatment of adult patients with chronic or accelerated phase chronic myeloid 
leukemia with resistance and/or intolerance to two or more tyrosine kinase inhibitors. 10/26/12 2 

  Panitumumab 

Treatment of EGFR-expressing, metastatic colorectal carcinoma with disease 
progression on or following fluoropyrimidine-, oxalplatin-, and irinotecan-containing 
chemotherapy regimens. 9/27/06 1 

  Pazopanib Treatment of patients with advanced renal cell carcinoma. 10/19/09 1 

  Pertuzumab 

In combination with trastuzumab and docetaxel for the treatment of patients with 
HER2-positive metastatic breast cancer who have not received prior anti-HER2 
therapy or chemotherapy for metastatic disease. 6/8/12 1 

  Ponatinib 

Treatment of adult patients with chronic phase, accelerated phase, or blast phase 
chronic myeloid leukemia that is resistant or intolerant to prior tyrosine kinase 
inhibitor therapy or Philadelphia chromosome positive acute lymphoblastic leukemia 
that is resistant or intolerant to prior tyrosine kinase inhibitor therapy. 12/14/12 1 

  Pralatrexate Treatment of patients with relapsed or refractory peripheral T-cell lymphoma. 9/24/09 1 



  
 

	  
	  

  Regorafenib 

Treatment of patients with metastatic colorectal cancer (CRC) who have been 
previously treated with fluoropyrimidine-, oxaliplatin- and irinotecan-based 
chemotherapy, an anti-VEGF therapy, and, if KRAS wild type, an anti-EGFR therapy. 9/27/12 1 

  Romidepsin 
Treatment of cutaneous T-cell lymphoma (CTCL) in patients who have received at 
least one prior systemic therapy. 11/5/09 2 

  Sorafenib Treatment of patients with advanced renal cell carcinoma. 12/20/05 1 

  

Sunitinib 

Treatment of advanced renal cell carcinoma. 1/26/06 2 

  
Treatment of gastrointestinal stromal tumor after disease progression on or intolerance 
to imatinib mesylate. 1/26/06 1 

  Temsirolimus Treatment of advanced renal cell carcinoma. 5/30/07 1 

  Vandetanib 
Treatment of symptomatic or progressive medullary thyroid cancer in patients with 
unresectable locally advanced or metastatic disease. 4/6/11 1 

  Vemurafenib 
Treatment of patients with unresectable or metastatic melanoma with BRAFV600E 
mutation as detected by an FDA-approved test. 8/17/11 1 

  Vismodegib 

Treatment of adults with metastatic basal cell carcinoma, or with locally advanced 
basal cell carcinoma that has recurred following surgery or who are not candidates for 
surgery, and who are not candidates for radiation. 1/30/12 1 

  Vorinostat 

Treatment of cutaneous manifestations in patients with cutaneous T-cell lymphoma 
who have progressive, persistent or recurrent disease on or following two systemic 
therapies. 10/6/06 1 

  Ziv-Aflibercept 

In combination with 5-fluorouracil, leucovorin, irinotecan-(FOLFIRI), for patients 
with metastatic colorectal cancer that is resistant to or has progressed following an 
oxaliplatin-containing regimen. 8/3/12 1 



  
 

	  
	  

FDA 
supplementary 

Abiraterone 
acetate 

In combination with prednisone for treatment of metastatic castration-resistant prostate 
cancer. (Supplement removes previous requirement for prior docetaxel therapy). 12/10/12 1 

  Bendamustine 
Indolent B-cell non-Hodgkin’s lymphoma that has progressed during or within six 
months of treatment with rituximab or a rituximab containing regimen. 10/31/08 1 

  Brentuximab 
Classical Hodgkin lymphoma at high risk of relapse or progression as post-auto-HSCT 
consolidation. 8/17/15 1 

  Carfilzomib 
In combination with lenalidomide and dexamethasone for the treatment of patients 
with relapsed multiple myeloma who have received one to three prior lines of therapy. 7/24/15 1 

  Dasatanib 
Newly diagnosed adults with Philadelphia chromosome-positive chronic myeloid 
leukemia in chronic phase. 10/28/10 1 

  Enzalutamide 
Treatment of patients with metastatic castration-resistant prostate cancer. (Supplement 
removes previous requirement for prior docetaxel therapy). 9/10/14 1 

  Everolimus 
Subependymal giant cell astrocytoma associated with tuberous sclerosis who require 
therapeutic intervention but are not candidates for curative surgical resection. 10/29/10 1 

    
Adults with renal angiomyolipoma and tuberous sclerosis complex, not requiring 
immediate surgery. 4/26/12 1 

    
Progressive neuroendocrine tumors of pancreatic origin that is unresectable, locally 
advanced or metastatic.  5/5/11 1 

    

Postmenopausal women with advanced hormone receptor-positive, HER2-negative 
breast cancer in combination with exemestane after failure of treatment with letrozole 
or anastrozole. 7/20/12 1 

  Lapatinib 

In combination with letrozole for the treatment of postmenopausal women with 
hormone receptor positive metastatic breast cancer that overexpresses the HER2 
receptor for whom hormonal therapy is indicated.  1/29/10 1 



  
 

	  
	  

  Nilotinib 
Treatment of newly diagnosed adult patients with Philadelphia chromosome positive 
chronic myeloid leukemia in chronic phase. 6/17/10 1 

  Ofatumumab 

In combination with chlorambucil, for the treatment of previously untreated patients 
with chronic lymphocytic leukemia for whom fludarabine-based therapy is considered 
inappropriate. 4/17/14 1 

  Panitumumab 

Treatment of wild-type KRAS (exon 2) metastatic colorectal cancer as determined by 
an FDA-approved test for this use: In combination with FOLFOX for first-line 
treatment. 5/23/14 1 

  Pazopanib 
Treatment of patients with advanced soft tissue sarcoma who have received prior 
chemotherapy. 4/26/12 1 

  Pertuzumab 

In combination with trastuzumab and docetaxel as neoadjuvant treatment of patients 
with HER2-positive, locally advanced, inflammatory, or early stage breast cancer 
(either greater than 2 cm in diameter or node positive) as part of a complete treatment 
regimen for early breast cancer. 9/30/13 1 

  Regorafenib 
Locally advanced, unresectable or metastatic gastrointestinal stromal tumor who have 
been previously treated with imatinib mesylate and sunitinib malate. 2/25/13 1 

  Romidepsin 
Treatment of peripheral T-cell lymphoma in patients who have received at least one 
prior therapy. 6/16/11 2 

  

Sorafenib 

Treatment of unresectable hepatocellular carcinoma. 11/16/07 1 

  
Treatment of locally recurrent or metastatic, progressive, differentiated thyroid 
carcinoma refractory to radioactive iodine treatment. 11/22/13 1 

  Sunitinib 
Treatment of progressive, well-differentiated pancreatic neuroendocrine tumors in 
patients with unresectable locally advanced or metastatic disease. 5/20/11 1 

DRUGDEX off-
Axitinib Metastatic renal cell carcinoma, first-line therapy n/a 2 



  
 

	  
	  

label 

  

Bendamustine 

Multiple myeloma n/a 1 

  Non-Hodgkin's lymphoma n/a 7 

  Metastatic breast cancer n/a 5 

  Carfilzomib Waldenstrom's macroglobuminemia n/a 1 

  Everolimus Waldenstrom's macroglobuminemia, relapsed or refractory n/a 1 

  Ixabepilone Hormone refractory prostate cancer, metastatic n/a 3 

  

Lapatinib 

Inflammatory breast cancer, HER2 overexpression, relapsed or refractory n/a 2 

  Metastatic breast cancer, HER2 overexpression, first-line n/a 2 

  Metastatic breast cancer, HER2 overexpression, refractory, monotherapy n/a 1 

  

Nilotinib 

Gastrointestinal stromal tumor, advanced, resistant to or intolerant of imatinib and/or 
sunitinib  

n/a 
1 

  Blastic phase chronic myeloid leukemia, resistant or intolerant to imatinib  n/a 3 

  

Panitumumab 

Non-small cell lung carcinoma, advanced n/a 1 

  

Metastatic colorectal cancer, wild-type KRAS mutation, second-line therapy following 
fluoropyrimidine-containing chemotherapy, in combination with fluorouracil, 
leucovorin, and irinotecan 

n/a 

1 

  Temsirolimus Mantle cell lymphoma, relapsed or refractory n/a 3 

  Vandetanib Non-small cell lung carcinoma n/a 3 

 


