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Pfizer drops phase 3 lipid-
lowering antibody
Pfizer will stop developing its cholesterol-
lowering drug bococizumab, an antibody against 
proprotein convertase subtilisin kexin type 9 
(PCSK9). The New York–based big pharma 
made the surprise announcement November 1, 
citing “an emerging clinical profile that includes 
an unanticipated attenuation of low-density 
lipoprotein cholesterol (LDL-C) lowering over 
time.” Pfizer also mentioned higher rates of 
immunogenicity and injection-site reactions 
with bococizumab than with the two anti-PCSK9 
antibodies: Praluent (alirocumab), co-developed 
by Regeneron Pharmaceuticals of Tarrytown, 
New York, and Paris-based Sanofi, and Thousand 
Oaks, California–based Amgen’s Repatha 
(evolocumab) (Nat. Biotechnol. 33, 785, 
2015), both approved in 2015. Unlike the fully 
human Praluent and Repatha, bococizumab is a 
humanized antibody. 

Pfizer was testing the drug’s ability to lower 
lipid in six phase 3 studies and to reduce 
cardiovascular outcomes such as heart attack 
and stroke in two other large studies. Several 
observations suggest its inability to maintain 
long-term and durable cholesterol lowering is 
specific to the product and not a class effect. 
For example, injection site reactions, which were 
seen at a higher rate than in the placebo group 
in both phase 2 and phase 3 trials, may have 
contributed to a higher rate of treatment failures 
in phase 3 given the longer exposure in those 
trials, Leerink Swann analyst Geoffrey Porges 
said in a note to investors. “From a commercial 
standpoint, if these local reactions persisted or 
increased in the longer duration and expanded 
recruitment of the phase 3 trials, then this alone 
could have compromised the drug’s commercial 
potential,” he said. In earlier trials, bococizumab 
was also associated with relatively high anti-
drug antibodies, which had no impact on drug 
effectiveness during the six months when they 
were measured, but could have cast doubt on the 
drug’s effectiveness in the longer term.

Pfizer’s decision was a boon to investors in 
The Medicines Company, which is developing 
a PCSK9 RNA interference inhibitor licensed 
from Cambridge, Massachusetts–based Alnylam 
Pharmaceuticals. On October 18, the Parsippany, 
New Jersey–based biotech announced positive 
top-line results from an interim analysis of 
an ongoing phase 2 study testing the drug, 
PCSK9si, in atherosclerotic cardiovascular 
disease, showing a significant and durable 
reduction in LDL-C. PCSK9si could offer 
advantages in dosing and cost of goods over the 
PCSK9-targeting antibody drugs.

potency mainly by chemical modifications 
to the ribose-phosphate backbone that help 
resist degradation by both plasma and intra-
cellular nucleases, says Vaishnaw. “The drug 
exposures are so fractional compared to revu-
siran that we believe this will in turn reduce 
the chance of safety issues arising,” he says. 

 But safety for the new ESC chemistry is not 
assured. “It would be premature in my opin-
ion to follow Alnylam’s reasoning that second 
gen is better also safety-wise,” says former 
RNAi researcher Dirk Haussecker in Rastatt, 
Germany, founder of the RNAi Therapeutics 
blog. That’s because, just a week before the 
revusiran announcement, Alnylam halted 
development of one of its new ESC mol-
ecules, ALN-AAT (alpha-1 antitrypsin), for 
treating AAT deficiency. Three of 15 healthy 
volunteers experienced dose-dependent liver 
enzyme elevation, signaling liver toxicity. 
Alnylam is advancing a replacement com-
pound, with a different nucleotide sequence, 
into the clinic, for treating the same disease. 
Vaishnaw thinks the original sequence was 
causing microRNA-like off-target effects 
through nonspecific binding. So he doesn’t 
anticipate a general pipeline problem. “We 
know that this [toxicity] is infrequent, because 
we’ve put 14 or more molecules in the clinic, 
and it’s the first time we’ve seen something 
like that,” he says. “It’s a rare event, and if we 
move the sequence to a different target site 
on the messenger RNA, we will abrogate that 
kind of off-target effect.”

 Carr thinks the market overreacted 
October 6 to the revusiran news, and that 
RNAi is just entering a new stage in its evo-
lution. “I characterize 2016 for Alnylam as 
another phase of growing up,” he says. The 
delivery problems of the past have been 
largely solved, he notes, and Alnylam now has 
an efficient modular platform—the GalNAc-
conjugated ESC siRNA—for treating a wide 
variety of liver diseases merely by altering 
the sequence of bases, an advantage over 
traditional small-molecule drug discovery. 
“Coming into 2016 expectations were really 
high, it looked like this was going to be rela-
tively simple, very modular,” says Carr. “It still 
is relatively modular, but it’s evident that cer-
tain things are going to have to be customized 
for each indication.” Carr calls this RNAi’s 
“adolescent” phase. “I don’t think there’s a 
platform-wide problem,” he says. Schmidt 
agrees. “I don’t think it is the end of this tech-
nology,” he says. “It’s just a roadblock.”

Ken Garber Ann Arbor, Michigan 

 blocking translation. But expression profil-
ing in cells soon showed non-specific gene 
silencing (Nat. Biotechnol. 21, 635–637, 
2003) owing to partial complementarity of the 
seven-nucleotide sequence at one end of the 
siRNA guide strand with multiple off-target 
mRNAs (RNA 12, 1179–1187, 2006). This 
mimics multi-target recognition by microR-
NAs—endogenous double-stranded RNAs 
important in gene regulation—so these off-
target siRNA effects are termed ‘microRNA-
like’. 

Alnylam and other RNAi companies seek to 
minimize such off-target mRNA degradation 
using drug design algorithms that take both 
the sequence of bases and the backbone struc-
ture of the siRNA into account. But “we don’t 
completely understand the rules for sequence 
recognition by any microRNA/siRNA,” says 
Peter Linsley, director of systems immunology 
at the Benaroya Research Institute in Seattle, 
who did much of the early work on siRNA off-
target effects. “So in my mind, it isn’t possible 
to design perfectly specific siRNAs.”

In theory, off-target toxicity could also 
be due to siRNAs stimulating an immune 
response, or by siRNAs saturating the endog-
enous RNAi machinery. Toxicity could also 
result from the delivery system that targets 
revusiran to the liver. The siRNA duplex is 
conjugated to the protein GalNAc, which 
binds receptors on hepatocytes, leading to 
internalization of the siRNA complex into the 
cell. With revusiran, on-target toxicity is also 
possible, because the target protein, trans-
thyretin, has protein transport functions that 
could be disrupted by RNAi therapy. Other 
uncertainties, says Schmidt, include the 
dose-dependence of any toxicity, whether it’s 
cumulative over time or reversible, and the 
possibility of a therapeutic window with lower 
drug exposure. Answers to all these questions 
await Alnylam’s analysis.

If the problem is dose-dependent drug 
toxicity, reducing drug exposure offers a pos-
sible solution. “It’s important to emphasize 
that this agent [revusiran] requires relatively 
high doses, and more frequent injections, as 
compared with our second-generation ESC-
GalNAc conjugate,” said Alnylam CEO John 
Maraganore in an October 5 conference call. 
Most of Alnylam’s pipeline consists of the 
second-generation siRNAs, which are much 
more potent than revusiran and patisiran, 
achieving the same level of target knockdown 
with drug exposure that’s lower by an order 
of magnitude or more. These ESC (enhanced 
stabilization chemistry) siRNAs achieve their 

“This is the proverbial dark side of 
genetic testing and precision medicine.” 
Michael Ackerman, from the Mayo 

Clinic, comments on a case in which a 
defibrillator was unnecessarily implanted in 
a boy suspected of having long QT syndrome 
based on the presence of a KCNQ1 variant, 
which, like many disease-associated 
variants, are turning out not to be disease 
causing. (STAT News, 31 October 
2016).
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