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even better.
In CLL, a less aggressive disease than 

MCL, doctors view the results so far with 
Imbruvica as being even more transfor-
mative. In the 85-patient phase 1b/2 trial 
published in the NEJM, at 26 months, the 
progression-free survival rate was 75% and 
the overall survival rate 83% with single-
agent Imbruvica. What was most impres-
sive about the result, according to Adrian 
Wiestner at the National Heart, Lung and 
Blood Institute, was that most patients in 
this trial were high-risk—all had relapsed/
refractory disease and about a third had 
a 17p13.1 deletion, which predicts poor 
response with standard chemotherapy and 
Rituxan. Imbruvica’s response appeared to be 
independent of this risk factor, and there-
fore doctors say that will become a preferred 
option for these patients.

In CLL and MCL, where BCR pathway 
components are not commonly mutated, 
Imbruvica’s primary mechanism of action 
might be through influencing the microen-
vironment, says Betty Chang, vice president 
of research at Pharmacyclics. She thinks 
the major mechanism in these diseases is 
through blocking chemokine receptor and 
integrin signaling by inhibiting BTK, and 
therefore cell migration and adhesion to 
the stromal cells in the lymph node. After 
Imbruvica administration, CLL cells increase 
in blood and may die there, deprived of the 
supportive microenvironment provided 
by the lymph node. “Imbruvica has a dual 
action, one a direct effect on BCR-linked 
cell survival and proliferation, another on 
stromal cells, and interaction with micro-
environment,” says Jan Burger of the MD 
Anderson Cancer Center in Houston.

Wiestner believes that the major mecha-
nism is within the cell through Imbruvica’s 
blockage of prosurvival NF-κB signaling, as 
in DLBCL. “The BCR pathway is the main 
thing, the drug turns off the pathway that led 
to expansion of tumor,” he says.

The other BTK inhibitors tested so far in 
early phase clinical trials—Celgene’s CC-292, 
which the New Jersey-based biotech acquired 
through its acquisition of Avila Therapeutics, 
and Japanese-based Ono Pharmaceuticals’ 
ONO-4059—have somewhat different pro-
files in terms of the kinases they inhibit, and 
this may lead to slightly different side-effects 
and efficacy. Jennifer Brown of Dana-Farber 
Cancer Institute in Boston, who served as lead 
investigator in a phase 1 trial of CC-292, says 
that it inhibits fewer kinases than Imbruvica. 
Early on in the drug’s development, its 
activity did not appear to be as high as 
Imbruvica’s, but with twice-daily dosing, the 

MCL—or $91.90 a pill—Imbruvica will be 
one of the most expensive cancer drugs mar-
keted in the US.

Imbruvica inhibits BTK, which is an 
essential downstream component of the 
B-cell receptor (BCR) signaling pathway. 
Imbruvica was designed (initially at Celera 
Genomics) specifically to target BTK. 
Compared with some other kinase inhibitors 
that were not specifically designed with this 
goal in mind, such as Bristol-Myers Squibb’s 
Sprycel (dasatinib), it offers much greater 
specificity for the enzyme. In large part, this 
is because Imbruvica was designed as an irre-
versible inhibitor that covalently attaches to 
a limited number of kinases through cyste-
ine residues in their enzymatic active sites, 
including BTK.

Although Rituxan is widely used to treat 
many leukemias and lymphomas, it targets 
CD20, a generic marker found on most B 
cells, but not key to the pathogenesis of these 
diseases. In contrast, Imbruvica’s target BTK 
is thought to be a central hub in many B-cell 
malignancies (as well as in B cell–driven 
autoimmune disease).

Some of the strongest mechanistic evi-
dence for an essential role of the BCR 
pathway in the pathogenesis of B-cell 
malignancies, however, is from a subtype of 
DLBCL, activated B-cell like (ABC)-DLBCL. 
In experiments published in 2010 (Nature 
463, 88–92, 2010), Louis Staudt and col-
leagues at the NCI discovered that in DLBCL, 
20% of lymphomas had activating mutations 
in BCR. The chronically active BCR signaling 
was a key reason why the prosurvival, anti-
apoptotic nuclear factor (NF)-κB pathway 
was regularly activated. When they knocked 
down BCR pathway components, including 
BTK, the lymphoma cells died. Janssen is 
conducting an 800-patient phase 3 trial test-
ing Imbruvica in previously untreated ABC-
DLBCL. Rituxan plus chemotherapy can cure 
about 35–40% of these patients, with the rest 
having a poor prognosis. “Our hope is that 
ibrutinib will increase the cure rate to 50 to 
60%,” says Wilson.

In contrast, MCL, which represents about 
6% of non-Hodgkin’s lymphoma cases in the 
US, is not normally curable and has a median 
survival of only about five years. Although 
Imbruvica’s results so far do not suggest that 
it will result in cures in this aggressive dis-
ease, they compare very favorably to other 
drugs used in the relapsed setting. “There’s 
not been a monotherapy in relapsed/refrac-
tory disease that has led to a median progres-
sion-free survival of over a year,” says Byrd. 
The greater hope still, he says, is that in the 
first-line setting, Imbruvica will perform 
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Shire shifts towards rare 
diseases
Shire’s $4.2-billion acquisition of ViroPharma 
of Exton, Pennsylvania, is the latest move by 
the Dublin-based biotech to shift its pipeline 
towards rare diseases. Shire already owns 
four marketed orphan drugs, including Firazyr 
(icatibant) for acute attacks of hereditary 
angioedema (HA). The ViroPharma acquisition 
adds a fifth approved orphan drug—Cinryze, 
a plasma-derived C1 esterase inhibitor—for 
prophylactic treatment of HA. Flemming 
Ornskov, Shire’s CEO, heralded the centerpiece 
of ViroPharma’s portfolio as Cinryze, which had 
sales of around $400 million in 2013. HA is a 
rare disease affecting 18,000 people in North 
America and Europe. ViroPharma’s two other 
marketed products are Plendaren, a formulation 
of hydrocortisone for adrenal insufficiency and 
Buccolam, an oral formulation of midazolam, 
for treating seizures. With the ViroPharma 
purchase, Ornskov makes his mark on the 
company, but the purchase also reinforces a 
strategy set in 2005 when Shire made its first 
move into rare diseases, acquiring the Fabry 
disease treatment Replagal (agalsidase alfa) 
with the $1.6-billion purchase of Transkaryotic 
Therapies of Cambridge, Massachusetts. At 
$4.2 billion, ViroPharma is valued at nine times 
2013 revenues, creating pressure to grow the 
market for Cinryze. Ornskov’s plan to do this 
includes increasing the number of European 
countries where the product is marketed and 
expanding the label to autoimmune hemolytic 
anemia, antibody-mediated rejection of 
kidney transplants and the rare eye disorder 
neuromyelitis optica. Ornskov has acquired four 
companies since stepping into the post in April 
2013. Not all are developing treatments for 
rare diseases—two are ophthalmology specialty 
companies. Alongside the deal-making, Ornskov 
is reshaping Shire. Formerly autonomous 
divisions in regenerative medicines, specialty 
pharma and protein drugs, each with its own 
R&D and commercial infrastructure, will merge 
into one, operating as discreet business units 
under this umbrella. A fourth division—in 
ophthalmology—has been added as a result of 
the acquisitions. Victim to this restructuring 
is Shire’s historic specialty pharma base in 
Basingstoke, UK, where the company is cutting 
R&D and staff. “We have not said which and how 
many programs are being wound down, and we 
won’t,” a spokeswoman said. Nuala Moran

“Pharma is looking anywhere 
& everywhere for assets.” 
Vinay Singh of ReCap on 
increased upstream deals 
at JP Morgan Healthcare 
conference in San Francisco. 
(BioWorld Today, 14 January 
2014) 
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