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U.S. pharmaceutical regulations are based on the 
principle that patients should not be exposed to 
new prescription drugs until their efficacy and 
safety have been shown. Since 1962, the Food 
and Drug Administration (FDA) and Congress 
have balanced the efficient review of investiga
tional drugs with the need to withhold judgment 
until sufficient evidence is available to clarify 
the benefit–risk relationship. Misjudging these 
competing interests in either direction causes 
important problems. On the one hand, the evi
dentiary hurdles of the FDA are often criticized 
by pharmaceutical companies and patient advo
cacy groups for slowing access to promising 
therapies. On the other hand, truncated premar
ket review can lead to the approval of drugs that 
are ineffective, unsafe, or both.

These dangers were once again made clear in 
October 2013 when approval was briefly sus
pended for ponatinib, a medication to treat leu
kemia that had been approved just the year be
fore on an accelerated basis. Emerging data 
showed that 24% of the patients who had been 
followed for a median of 1.3 years and 48% of 
those who had been followed for a median of 
2.7 years had serious thromboembolic events, 
including myocardial infarction and stroke.1 
The drug was allowed back on the market in 
December 2013 with more limited indications 
and a restricted distribution system.

The latest development in the FDA approach 
to ensuring the safety and effectiveness of mar
keted prescription drugs occurred in July 2012, 
when Congress created a new category of “break
through therapy” in the FDA Safety and Inno
vation Act (FDASIA). A breakthrough therapy 
was defined as a new product to treat a serious 
disease for which preliminary clinical evidence 
suggested substantial superiority over existing 
options on one or more clinically significant 
end points.2 Lawmakers intended the designation 
to speed to market a limited number of prod

ucts that showed “exceptional results for pa
tients.”3 Lauded by policymakers,4 consumer 
advocates,5,6 and the FDA itself,7 the break
throughdrug pathway has been embraced by 
industry8 and has produced early results far ex
ceeding predictions. From October 2012 through 
September 2013, the FDA received 92 applica
tions for the breakthroughtherapy designation, 
of which 27 were approved and 41 denied (24 
applications were still pending).9 Although some 
of these agents may end up being truly transfor
mative for patient care, the breakthroughtherapy 
designation also raises the possibility of a surge 
in new drugs that have been approved on the 
basis of limited clinical data.

There is ongoing controversy over the FDA 
standards for the approval of investigational 
drugs. In this article, we briefly summarize pri
or government efforts to expedite the availabil
ity of new therapeutics, and we discuss the clin
ical, ethical, and regulatory implications of the 
breakthroughtherapy designation.

HISTORY OF EARLY-ACCESS  
AND EXPEDITED -APPROVAL PROGR AMS

The Food, Drug, and Cosmetic Act (FDCA) of 
1938 prohibited the routine therapeutic use of 
investigational drugs, although in practice phy
sicians easily obtained such drugs outside of 
clinical trials.10 A sea change came when the 
1962 Kefauver–Harris Amendments to the FDCA 
required affirmative FDA approval on the basis 
of trials in humans before new drugs could be 
marketed. Regulations in 1963 divided these 
trials into three phases — small, phase 1 safety 
trials; intermediatesize, phase 2 efficacy studies; 
and large, controlled, phase 3 studies — form
ing the basis for a new drug application (NDA).

There was concern that extended study be
fore approval could prevent timely patient access 
to potentially lifesaving medicines. The FDA first 
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responded by adopting pathways to allow treat
ment use before approval. In the 1960s, early
access programs (also called compassionateuse 
programs) allowed limited patient access to inves
tigational drugs, although these programs had 
no written rules and were f lexibly applied. The 
demand for experimental cancer drugs was 
particularly strong, leading the FDA to publish 
in 1979 its first official earlyaccess policy for 
such drugs.

Pressure from physicians and patients inten
sified with the AIDS crisis of the 1980s, a pivotal 
episode in the evolution of the FDA drugapprov
al policies. Demonstrations by AIDS activists at 
FDA headquarters brought widespread attention 
to the lag times between submission and agency 
approval of new medications,11 although the 
perception that the FDA did not rapidly assess 
drugs intended for patients with human immuno
deficiency virus (HIV) infection may have been 
exaggerated.12 In 1987, regulations for treatment 
investigational new drug applications (treatment 
INDs) formalized the procedures for obtaining 
early access to investigational drugs outside of 
clinical trials.13 Three years later, the FDA pro
posed making unapproved drugs for HIV/AIDS 
available even sooner by means of a parallel
track mechanism14 for patients with HIV/AIDS 
who were unable to enroll in clinical trials.

In the 1980s, earlyaccess options were joined 
by FDA initiatives to hasten drug approval. In 
1988, the FDA created a fasttrack component 
(Subpart E) of its rules to “expedite the develop
ment, evaluation, and marketing of new thera
pies”15 for serious and lifethreatening condi
tions by, for example, eliminating phase 3 trials. 
The provisions were modeled on the testing and 
approval of the HIV drug zidovudine, which oc
curred over a period of only 2 years and includ
ed a single, welldesigned phase 2 trial. In 1992, 
the FDA initiated an acceleratedapproval path
way (Subpart H) to allow approval on the basis 
of surrogate end points that were seen as reason
ably likely to predict patient benefit.16 Subpart H 
shortened the clinicalinvestigation process by 
permitting trials to end before the occurrence 
of hard clinical end points (e.g., hospitalization, 
myocardial infarction, and death).

The same year that the FDA finalized Subpart 
H, Congress enacted the Prescription Drug User 
Fee Act (PDUFA), which authorized the FDA to 
collect “user fees” from pharmaceutical manu
facturers. Although increased Congressional ap

propriations to the FDA had already reduced 
NDA review times by the late 1980s,17 PDUFA 
allowed the FDA to hire more scientists and fur
ther expedite the review of drug applications.18 
PDUFA also set formal deadlines of 6 months 
for priority applications and 12 months for stan
dard applications (shortened to 10 months in 
2002). Within 1 year after the enactment of 
PDUFA, the FDA had acted on 93% of NDAs 
within the new deadlines.19 The user fees were 
restricted to the approval of products; it was not 
until 2007 that the FDA had the authority to allo
cate them to postapproval drugsafety activities.20 
Under FDASIA, the FDA review deadlines now 
begin to run 60 days after NDA submission.21

BENEFITS AND RISKS OF EXPANDED 
ACCESS AND EARLY APPROVAL

The FDA has estimated that more than 100,000 
patients have received investigational drugs for 
serious or lifethreatening conditions through 
the use of treatment INDs.22 For investigational 
drugs that ultimately prove to be superior to ex
isting options, these earlyaccess programs ben
efit patients by allowing new therapies to reach 
them sooner. In addition, expedited development 
and approval programs have shortened the clini
cal development period, allowing earlier access 
for the broader patient population. Subpart E, 
for example, reduced the average clinical develop
ment time from 8.9 to 6.2 years, whereas drugs 
benefiting from accelerated approval averaged 
just 4.2 years.23 NDA review times have also de
creased dramatically, from more than 30 months 
in the 1980s to 14.5 months by 199724 and to 
9.9 months for applications received in 2011.25

The immediate result of PDUFA was a spike 
in approvals during the mid1990s as backlogged 
applications were processed,26 but the number 
of approvals each year soon returned to histori
cal averages.27 Although the FDA was once con
sidered by some to approve drugs too slowly,28 
drug approvals since 2000 have been quicker in 
the United States than in Canada or Europe. 
From 2001 through 2010, the FDA approved 
64% of novel therapeutic agents earlier than 
the European Medicines Agency.29

However, early access and shortened develop
ment and review times have also been associat
ed with negative public health outcomes. Drugs 
approved shortly before the PDUFAimposed 
deadlines have been found to be more likely to 
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have postmarketing safety problems — includ
ing safety withdrawals and added blackbox 
warnings — than were drugs approved at any 
other time.30,31 Other investigators have report
ed that drugs receiving faster reviews have more 
spontaneous reports of drugrelated adverse 
events, although these data are controversial.32-35 
Among drugs first approved abroad, those with 
more foreignmarket experience before U.S. ap
proval are less often associated with serious ad
verse drug reactions.35,36

Such findings are predictable because of the 
more limited data on which expedited drug ap
provals are based. Although neither the fasttrack 
nor the acceleratedapproval pathways changed 
the legal standard for approval — which is still 
effectiveness with acceptable risk — they reduced 
the quantity of evidence needed to meet this 
standard and altered the nature of that evidence. 
For example, cancer drugs approved during the 
previous decade on the basis of limited clinical 
trials — nonrandomized, unblinded, single
group, phase 1 and phase 2 trials that used inter
mediate end points rather than patient survival 
— had a 72% greater odds of serious adverse 
events occurring in their pivotal trials than did 
cancer drugs that were approved with more
rigorous studies.37 A recent study showed that 
drugs benefiting from expedited approval pro
grams were tested for efficacy in a median of 
only 104 patients, as compared with 580 pa
tients for nonexpedited review.38 Data collected 
with the use of earlystage clinicaltrial methods 
are unstable and may be subsequently disproved 
in larger, morerigorous trials.

Concerns about potentially inaccurate assess
ments of the benefit–risk ratios led the FDA, be
ginning in approximately 1970, to condition 
some approvals on the conduct of postapproval 
(phase 4) confirmatory studies. The proportion 
of new drugs that were subject to these post
approval obligations increased from approximate
ly 30% in the early 1980s to approximately 80% 
in the early 2000s.39 Unfortunately, the perfor
mance of these followup studies has often been 
markedly delayed40 or not initiated at all.41 
Gemtuzumab ozogamicin was approved in 2000 
for the treatment of a rare type of leukemia on 
the basis of limited data, but it was withdrawn 
from the market in 2010 after confirmatory tri
als initiated in 2004 showed increased mortality 
and no efficacy.42

Concern over the timely conduct of post

approval studies led Congress to strengthen the 
enforcement authority of the FDA in the FDA 
Amendments Act of 2007. However, as recently 
as 2011, postmarketingstudy commitments for 
more than 40% of drugs had not yet been start
ed, whereas the number with delays had doubled 
since 2007 to approximately 13%.38,43 Completion 
times also appear to range widely: a report from 
the Office of Oncology Drug Products regarding 
a sample of oncology drugs approved by way of 
the acceleratedapproval pathway showed that 
it took 0.8 to 12.6 years before postmarketing 
trials were completed (median, 3.9 years).44 
Bedaquiline, a medication for the treatment of 
multidrugresistant (MDR) tuberculosis, was ap
proved in 2012 on the basis of the surrogate end 
point of sputumculture conversion, even though 
the pivotal studies also showed an incidence of 
death (generally from tuberculosis) that was five 
times as high among patients given the drug 
than among those randomly assigned to receive 
standard treatment for MDR tuberculosis. The 
impact on individual patients must be further 
studied since there is a need for additional treat
ment options for this highly contagious disease. 
The confirmatory randomized trial that was 
mandated for bedaquiline was not required by 
the FDA to be completed until 2022.45

BREAKTHROUGH THERAPY — 
RATIONALE AND POTENTIAL OUTCOMES

In approving FDASIA, Congress anticipated that 
the use of modern evaluation tools earlier in the 
drugdevelopment cycle could result in “fewer, 
smaller, or shorter clinical trials.” During Con
gressional hearings in 2012, advocacy and in
dustry organizations supported the creation of the 
new breakthroughtherapy designation to abbre
viate or combine traditional clinical phases to 
enhance earlier patient access.46,47 Support for 
the law also came from officials within the FDA 
Center for Drug Evaluation and Research who, in 
November 2013, praised the “much larger treat
ment effect” achieved by some recent “molecu
larly targeted therapies” that aim to benefit sub
groups of patients with “cancer, genetic diseases, 
and . . . other serious illnesses.”7 The article 
defended the new expediteddevelopment pro
gram, suggesting that “when a large effect in a 
serious disease is observed early in drug devel
opment, it seems excessive to conduct a prolonged 
clinical development program that encompasses 
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traditional trial phases.”7 According to this view, 
the new designation could make possible stream
lined clinical development that would lead to 
more rapid approval.

The breakthroughtherapy designation is the 
latest addition to the expandedaccess and expe
ditedapproval programs of the FDA (Table 1). 
In recent years, the exceptions have been more 
common than the rule; among the 39 new 
drugs approved in 2012, a total of 22 (56%) 
were approved by means of at least one of the 
acceleratedapproval, fasttrack, and priority re
view programs, and 9 of these (23% of the total) 
qualified for more than one program.

Regulatory efficiency was identified as a ma
jor outcome of the breakthroughtherapy desig
nation,8 but the benefits offered in FDASIA are 
already largely available through existing legis
lation, regulations, or standard FDA practice. 
For example, FDASIA commits the FDA to work
ing closely with sponsors of breakthrough ther
apies.7 However, Subpart E (1988) offered “early 
consultation between FDA and drug sponsors,” 
emphasized the importance of meeting with the 
FDA to ensure efficient phase 2 trial design, and 
specified that senior FDA officials would active
ly facilitate the conduct and evaluation of clini
cal trials.56 FDASIA notes that breakthrough 
therapies may also benefit from the assignment 
of a “crossdisciplinary project lead” to facilitate 
efficient review, but it is unclear how this will 
improve on existing coordination of staff efforts.

The breakthroughtherapy designation con
tinued the trend of applying increasingly flexi
ble evidentiary standards to determine the quali
fication for expedited development and approval 
programs. Certain drugs have long been ap
proved on the basis of wellestablished surro
gate end points.51 The acceleratedapproval 
pathway (1992) began to allow approval on the 
basis of “less than wellestablished surrogate 
endpoint[s].”51 By contrast, one way to qualify 
for the new breakthroughtherapy designation 
(2012) is by showing “an effect on a pharmaco
dynamic biomarker(s) that does not meet crite
ria for an acceptable surrogate endpoint, but 
strongly suggests the potential for a clinically 
meaningful effect on the underlying disease.”55 
This more flexible standard would apply to a 
broader range of potential new therapies. The 
law requires that breakthrough drugs must even
tually be approved or rejected under the normal 
FDA approval standards, but as was seen with 

the bedaquiline approval for MDR tuberculosis, 
such confirmation may not be required for 
years.45

Once the breakthroughtherapy status has 
been granted on the basis of preliminary evi
dence, it may be difficult to temper demand 
(whether early access or postapproval) even if 
the drug is revealed to be less effective or more 
harmful than initially believed. Decision theory 
suggests that when a decision is less reversible, 
more care should be taken in reaching the ini
tial determination.57 This tension emerged most 
recently around bevacizumab, which was ap
proved for the treatment of metastatic breast 
cancer on the basis of surrogate end points under 
the acceleratedapproval pathway. When subse
quent studies showed no increase in patient sur
vival, withdrawing the indication took nearly a 
year and generated substantial opposition.58 
Some insurers still cover offlabel use of the 
drug for this non–evidencebased purpose.

Deferring rigorous study until after a drug is 
approved can also undermine and delay evalua
tion of its benefit–risk profile.38 Once a drug is 
approved, enrolling patients in clinical trials to 
determine efficacy is more challenging than be
fore approval, because patients have the choice 
of receiving the drug in the normal course of 
therapy or enrolling in a trial in which they may 
be randomly assigned to usual care. This con
cern is magnified when deferred study is paired 
with earlier designations that may be interpret
ed as official endorsements.

CONCLUSIONS

The 27 breakthroughtherapy designations grant
ed by the FDA in the first 9 months of 2013 are 
unlikely to represent a sudden and dramatic in
crease in the pace of pharmaceutical innovation, 
given that an average of 25 new molecular enti
ties were approved annually during the previous 
decade. Another interpretation of the rapid pop
ularity of the designation is that it has created 
the appearance of progress while enhancing the 
visibility of promising earlystage drugs that may 
be no more likely than before FDASIA to confer 
large benefits to patients. The breakthrough
therapy designation is also likely to further in
crease public pressure on the FDA to approve 
such products. Few would argue about the need 
for pathways to bring safe and effective new 
drugs to market quickly, especially for life
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threatening diseases for which current treatment 
options are inadequate. Efforts to promote early 
access, expedited development, and early ap
proval have existed for decades. Unfortunately, 
these efforts generally have not been followed by 
equally energetic efforts to develop rigorous con
firmatory data that could refine the indications 
for the drug or even change its approval status.

There has also been little discussion of the 
implications of approving breakthrough drugs 
on the basis of limited data for patients consid
ering therapeutic options and for their physi
cians. Expedited approval has been championed 
by patient advocacy groups who think that FDA 
requirements that delay access to new products 
infringe on personal autonomy. Of course, this 
view is not universal among patients.59 How will 
patients make informed choices about break
through drugs approved with new clinicaltrial 
techniques rather than with traditional random
ized trials?

This question is particularly salient for pa
tients with lifethreatening illness. Previous re
search has uncovered important deficiencies in 
decision making by patients in such precarious 
situations. One survey showed that, as compared 
with healthier patients, severely ill patients had 
less retention of the information that was dis
cussed in the informedconsent process and 
lessclear understanding of the risks of ther
apy.60 Some have suggested that insurers will 
act as an effective counterweight in the post
approval marketplace by refusing to cover break
through products with clinical activity that is 
either unconfirmed or does not justify the high 
cost.61 In Europe, centralized payers serve as a 
barrier to the widespread use of available but 
marginally useful clinical therapies.62,63 However, 
in the United States, the greater fragmentation 
of the insurance market and the greater sense 
of entitlement to all available treatments make 
it unlikely that this counterbalance will be as 
effective.

Even before the first breakthrough drug has 
been approved, lawmakers have started discuss
ing the next pathway aimed at further reducing 
evidentiary requirements to speed drugs to mar
ket.64 On December 12, 2013, a bill was intro
duced in Congress that would allow the approval 
of new antibiotic and antifungal medicines on 
the basis of alternative end points and data sets 
of limited size so long as the labeling promi
nently stated that the drugs were indicated for 

use in a limited and specific population of pa
tients.65 The bill did not restrict the ability to 
prescribe such drugs offlabel. In the next few 
years, evidence will accumulate to indicate how 
well the new breakthroughtherapy designation 
improves the options of patients with serious 
and intractable diseases and to what extent it 
facilitates the market entry of treatments that 
promise more than they can deliver.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

From the Division of Pharmacoepidemiology and Pharmaco-
economics, Department of Medicine, Brigham and Women’s 
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The contribution of tumoral D3 to sunitinib-
associated hypothyroidism probably varies from 
one tumor type to another. The findings of Fou-
kakis et al. show that D3 induction by sunitinib 
extends beyond GISTs to breast cancer, and the 
absence of D3 induction that we observed in 
isolated breast-cancer cells suggests that suni-
tinib may indirectly stimulate tumoral D3 in vivo. 
Although we agree that the role of tumoral D3 
in the absence of therapy should be further in-
vestigated, the ability of tumoral D3 to cause 
hypothyroidism without treatment with tyrosine 
kinase inhibitors is well established in hemangi-
omas and other tumors.4 With regard to GISTs, 
the index patient we described had extremely 
high D3 expression in tumor tissue obtained 
from his original surgery (before any medical 
treatment), and the unusually high prevalence of 
hypothyroidism among adults with GISTs before 
sunitinib treatment (22%)5 suggests that con-
sumptive hypothyroidism occurs in untreated 
patients. For this reason, vigilance is justified in 
this population, and we recommend that thyroid 

function be assessed in any patient with a large 
GIST burden, even if tyrosine kinase inhibitors 
have never been used.
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Boston Children’s Hospital 
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New FDA Breakthrough-Drug Category — Implications for Patients

To the Editor: Darrow et al. (March 27 issue)1 
present an incomplete and misleading review of 
the Food and Drug Administration (FDA) pro-
grams that are available to expedite drug devel-
opment, review, and approval. As the authors 
note, drug regulation involves balancing the po-
tential benefits of access to a therapy against 
the potential risks associated with the drugs 
and the prognoses of patients with the diseases 
that the therapies are intended to treat, on the 
basis of evidence of safety and effectiveness. Any 
evaluation of drug regulation should present a 
complete picture of the available evidence re-
garding the effect of reforms, including their im-
pact on facilitating the generation and effective 
use of evidence.

The FDA has four distinct mechanisms to 
speed the development and availability of drugs 
for treating serious or life-threatening condi-
tions: priority review, accelerated approval, fast-
track review, and most recently, breakthrough 
therapy.2 Although these approaches all aim to 
advance the availability of safe and effective 

products, they use different selection criteria 
and target different parts of the drug-develop-
ment process.

Darrow et al. claim that the FDA applies ex-
pedited-approval programs too liberally, noting 
that 56% of drugs approved in 2012 used expe-
dited-approval pathways. However, the authors 
offer no analysis of these drugs and do not ac-
knowledge that almost half the new drugs that 
were approved in 2012 were for orphan diseases 
or cancers, many of which had no effective treat-
ment option.

Most drugs that have received accelerated ap-
proval have completed rigorous postmarketing 
studies, been converted to full approval, and 
often become standard of care. Furthermore, the 
FDA has taken notable steps, including its Sen-
tinel Initiative, to enhance the availability of 
postmarketing safety evidence that is very diffi-
cult to obtain in the premarket setting.3

Nothing in law or FDA guidance indicates 
that the breakthrough-therapy designation low-
ers the standards for approval, nor do the au-
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thors provide evidence to support this claim. 
The breakthrough-therapy designation was cre-
ated to facilitate a collaborative “all hands on 
deck” approach between the FDA and the drug 
sponsor on the basis of preliminary clinical evi-
dence of substantial improvement over existing 
therapies for a serious or life-threatening dis-
ease.4 This approach does not confer a less rig-
orous path to approval. The majority of the 
drugs receiving the designation are still under-
going clinical trials, and only four have received 
FDA approval. All four are clear advances in the 
treatment of life-threatening diseases that previ-
ously lacked effective therapies. FDA programs 
have evolved over recent years to support the 
development and review of products that have 
had a lasting effect on disease treatment in the 
United States, positively affecting thousands of 
lives.

Mark McClellan, M.D., Ph.D.
Brookings Institution 
Washington, DC
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Friends of Cancer Research 
Washington, DC 
esigal@focr.org
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To the Editor: The Infectious Diseases Society 
of America (IDSA) is concerned that the article by 
Darrow et al. misrepresents new legislation that 
would allow the FDA to approve antibiotic agents 
on the basis of small clinical trials in limited 
populations — specifically, in patients with seri-
ous or life-threatening infections and no other 
treatment options. New antibiotics that are ap-

proved through this pathway must be shown to 
be safe and effective and would carry a special 
label telling clinicians to use them with extreme 
care and only for patients with unmet needs. The 
bill also directs the FDA to review marketing ma-
terials in advance and directs the Centers for Dis-
ease Control and Prevention to monitor the use 
of these drugs.

As an infectious diseases physician, I share 
the authors’ concern about approving potentially 
risky drugs. But that concern must be balanced 
with the reality that patients are dying because 
we lack effective antibiotics to treat the infecting 
organisms. For years, the IDSA has been fearful 
of a return to a preantibiotic era. Sadly, for more 
and more patients, that fear is today’s reality 
because the antibiotic pipeline is nearly dry.
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To the Editor: Darrow et al. imply that the abil-
ity of severely ill patients to make critical deci-
sions about their therapy is impaired by their dire 
situations. The Leukemia and Lymphoma Society 
(LLS) believes that patients, in concert with their 
physicians, are in the best position to determine 
what is right for them and how much risk they 
are willing to take. Such treatment decisions are 
increasingly personalized, thus making it diffi-
cult for broad populations to be treated similarly. 
Therefore, the LLS is fully supportive of early-
access programs, including compassionate-use 
programs, for patients who are out of other op-
tions. Moreover, our patients have benefited from 
expedited-approval pathways at the FDA, because 
such approaches accelerate access. We applaud 
the FDA for approving two breakthrough-therapy 
medications for hematologic cancers (ibrutinib 
[Imbruvica, Pharmacyclics and Janssen Biotech] 
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and obinutuzumab [Gazyva, Genentech]) that are 
offering promise for patients with limited alterna-
tives. We do agree that regulations requiring phar-
maceutical and biotechnology companies to fol-
low through on postmarketing studies to confirm 
data in a timely fashion should be strictly enforced 
and that the FDA should continue to ensure com-
pliance with these regulations.
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To the Editor: The article by Darrow et al. sum-
marizes prior government efforts to expedite the 
availability of new therapeutics and discusses the 
implications of the breakthrough-therapy desig-
nation. It is worth clarifying that gemtuzumab 
ozogamicin was not approved for the treatment 
of pediatric leukemia.

Three trials evaluated the efficacy and safety 
of the single agent gemtuzumab ozogamicin. 
The population for the initial report included 
142 patients with a median age of 61 years who 
had a first relapse of acute myeloid leukemia 
(AML).1 A total of 30% of the patients had re-
mission. The FDA granted approval for gem-
tuzumab ozogamicin in the treatment of pa-
tients with a first relapse of CD33-positive AML 
who were 60 years of age or older and who were 
not considered candidates for cytotoxic chemo-
therapy.2,3

However, the required postapproval study, 
combining gemtuzumab ozogamicin with dauno-
rubicin and cytarabine in adults under the age of 
61 years with new-onset AML, did not confirm 
clinical benefit.4 This confirmatory study was 
performed in a clinical setting that differed 
from the setting of the original studies.2 The 
sponsor voluntarily withdrew the new drug ap-
plication in 2010.
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The Authors Reply: McClellan and Sigal over-
look the fact that the FDA itself acknowledges 
that its innovations expediting drug approval 
lower the required evidentiary threshold. The 
agency describes the fast-track designation as a 
result of patients’ willingness to accept “greater 
risks” from products treating life-threatening ill-
nesses1 and has noted that accelerated approval 
may expose patients to “drug[s] that will ulti-
mately not be shown to provide an actual clinical 
benefit.”2

The new breakthrough-therapy designation 
may not lower evidentiary standards in the same 
manner as other expedited-approval programs, 
but it can do so indirectly by generating prema-
ture enthusiasm that increases pressure to ap-
prove and prescribe a drug. This approach can 
lead to uncontrolled or truncated trial designs 
that are less robust than standard trials, and it 
can normalize the regulatory use of biomarkers 
that are less likely to predict clinical outcome.2 
These expedited-approval programs have in-
deed altered approval standards: although the 
legal standards of “safe” and “effective” remain, 
the evidentiary standards for meeting those 
criteria have been loosened. Although the FDA 
Sentinel Initiative can provide some postmar-
keting information, the agency is still learning 
how to use this tool,3 and postmarketing sur-
veillance should not replace adequate premarket 
assessment.

Although Murray’s warning of a return to a 
preantibiotic era is a call to action, so too is the 
possibility of regressing to the pre-1962 era dur-
ing which ineffective drugs often received FDA 
approval. This concern is particularly salient for 
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new antibiotics, which are usually approved on 
the basis of trials showing noninferiority (rather 
than superiority) to comparator agents. These 
agents are also withdrawn from the market 
more commonly than all other drug categories.4 
Early access can benefit patients, as Velleca as-
serts, but only if the drug is in fact effective — 
the very question that only rigorous evidence 
development can answer. His contention that 
patients and physicians “are in the best position 
to determine . . . how much risk they are will-
ing to take” may be true but minimizes the 
crucial role of governmental benefit–risk assess-
ment of medications. Pressing treatment needs 
should be met with intensified development ef-
forts, not new designations. 

Ricart clarifies the original indication of gem-
tuzumab ozogamicin, which is now reflected in 
the online version of our article.

Jonathan J. Darrow, S.J.D., J.D. 
Jerry Avorn, M.D. 
Aaron S. Kesselheim, M.D., J.D.
Brigham and Women’s Hospital 
Boston, MA 
akesselheim@partners.org

Since publication of their article, the authors report no fur-
ther potential conflict of interest.

1. Investigational new drug, antibiotics, and biological drug 
product regulations: procedures for drugs intended to treat life-
threatening and severely debilitating illnesses. Fed Regist 1988; 
53:41516-24.
2. Food and Drug Administration. Guidance for industry: ex-
pedited programs for serious conditions — drugs and biolog-
ics. July 2013 (http://www.fda.gov/downloads/Drugs/Guidance 
ComplianceRegulatoryInformation/Guidances/UCM358301.pdf).
3. Avorn J. The promise of pharmacoepidemiology in helping 
clinicians assess drug risk. Circulation 2013;128:745-8.
4. Outterson K, Powers JH, Seoane-Vazquez E, Rodriguez-
Monguio R, Kesselheim AS. Approval and withdrawal of new 
antibiotics and other antiinfectives in the U.S., 1980-2009. J Law 
Med Ethics 2013;41:688-96.

DOI: 10.1056/NEJMc1405337

Procedural Sedation and Analgesia in Children

To the Editor: The video by Krauss et al. on 
procedural sedation and analgesia in children 
(April 10 issue)1 was thorough and detailed. How-
ever, I am very concerned that 45 seconds into 
the video an injection into intravenous tubing 
pushes air bubbles toward the patient. The po-
tentially disastrous consequences of air in intra-
venous lines are well known, particularly in chil-
dren with intracardiac shunts.
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To the Editor: Pediatric patients have limited 
respiratory reserve and are susceptible to the 
rapid development of hypoxemia. The emergency 
equipment mentioned by Krauss et al. does not 
address the management of an unanticipated dif-
ficult or impossible bag-mask–ventilation sce-
nario or the use of emergency airway devices, 

including a laryngeal mask airway of the appro-
priate size,1 an endotracheal tube, and a laryngo-
scope, which should also be available. Further-
more, the authors state that the administration 
of supplemental oxygen before and during seda-
tion renders pulse oximetry ineffective with regard 
to early warnings of respiratory depression and 
recommend the use of capnography when sup-
plemental oxygen is used. These aspects of the 
video could lead to the misconception that the ob-
servation of ineffective pulse oximetry in the 
early detection of hypoventilation is related to 
the administration of supplemental oxygen or 
that capnography cannot be used if supplemental 
oxygen is not used simultaneously. Nevertheless, 
supplemental oxygen is recommended before 
and during sedation, especially in pediatric pa-
tients, owing to their greater susceptibility to hy-
poxemia.
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