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a report 
showing 
there is a 

lack of access to, and 
use of, positron 
emission 
tomography (PET) 
in oncology is right 
on the mark, 
according to Dr. 
Norman Laurin, 
president of the Canadian 
Association of Nuclear 
Medicine: Cancer patients are  
not getting access to an 
important diagnostic 
technology, and Canada lags 
significantly behind other 
industrialized nations.

In fact, Canada doesn’t 
even come close to meeting 
the minimum number of PET 
scanners per million popula-
tion as recommended by the 
World Health Organization 
(WHO), he said. 

“PET is a proven technology 
. . . and it should be deployed. 
It makes major changes in the 
management of cancer, some-
times reducing costs. It helps 
doctors tailor the direction of 
therapy in the right direction 
more than any other test,” Dr. 
Laurin, who is chief of nuclear 
medicine at the Centre de 
Santé et de Services Sociaux 
de l’Énergie in Trois-Rivières, 
Que., told the Medical Post.

TRIUMF, a particle phys-
ics laboratory in Vancouver, 
released the 203-page report, 
“The Use of Positron Emission 
Tomography (PET) for Cancer 
Care Across Canada: Time for a 
National Strategy.”

“This report should be 
looked at by any health min-
ister, any health-care profes-
sional in all jurisdictions in 
Canada, except Quebec,” Dr. 
Laurin said.

 “They should have a very 
critical look at the way they̕ve 
managed the issue so far. We̕ve 
fallen behind. If I were a can-
cer patient outside Quebec, 
I would wonder if I̕m getting 
best access to the best technol-

ogy for my cancer.” 
Quebec is an exception 

because it has an adequate 
number of PET scanners and 
cancer patients who need the 
diagnostic test are able to get it, 
he said.

The WHO recommends 
having two PET 
scanners per mil-
lion population, but 
Canada, overall, has 
a ratio of 0.86 per 
million—a total of 
29 across the coun-
try. Quebec is the 
only province that 
meets the WHO 
benchmark. “We 

need to double the number—
Canada needs 60 tomorrow,” 
Dr. Laurin said. 

PET is deployed unevenly 
across the country, according 
to the report. Ontario lags 
the furthest behind with only 
nine publicly funded clin-
ical PET scanners and three 
private imaging facilities for 
a population of 13.1 million. 
That’s a ratio of 0.7 PET scan-
ners per million people. Most 
are located around academic 
centres in the southern part of 
the province. Plus, Ontario has 
restricted access to PET over 
the past decade.

Cost-effective tool
The report cites numerous 
studies showing PET is a cost-
effective diagnostic tool for 
the staging of non-small-cell 
lung cancer, the differential 
diagnosis of solitary pulmonary 
nodules, restaging of colorectal 
cancer after recurrence, and 
the restaging of Hodgkin’s and 
non-Hodgkin’s lymphoma. 

Studies also show PET chan-
ges management in at least 
50% of the patients on whom 
it is used, Dr. Laurin said. A 
PET scan “changes either the 
diagnostic management or 
the therapy for the patient. In 
some cases it actually reduces 
the costs for the health-care 
system.”

In 2009, a total of 42,620 
scans were performed across 
Canada, and of those, 22,400 
(51%) were performed in Que-
bec. The cost of a PET scan 
varies from a low of $956 in 
Quebec to a high of $1,800 in 
Manitoba and Nova 

Table 5 – Established or Potential Drug-Drug Interactions

Concomitant Drug 
Class: Drug Name

Ref. Effect Clinical Comment

Azole antimycotic:
ketoconazole

CT Coadministration of XARELTO with the azole-antimycotic ketoconazole 
(400 mg od) a strong CYP 3A4 and P-gp inhibitor, led to a 2.6-fold 
increase in mean XARELTO steady state AUC and a 1.7-fold 
increase in mean XARELTO Cmax, with significant increases in its 
pharmacodynamic effects.

The use of XARELTO is contraindicated in patients 
receiving systemic treatment with ketoconazole (see 
CONTRAINDICATIONS and WARNINGS AND PRECAUTIONS – 
Drug Interactions, Renal Impairment).

fluconazole CT Administration of the moderate CYP 3A4 inhibitor fluconazole (400 
mg once daily) led to a 1.4-fold increase in mean XARELTO AUC and a 
1.3-fold increase in mean Cmax.

No dose adjustment is required.

Protease inhibitor:
ritonavir

CT Coadministration of XARELTO  with the HIV protease inhibitor ritonavir 
(600 mg bid), a strong CYP 3A4 and P-gp inhibitor, led to a 2.5-fold 
increase in mean XARELTO AUC and a 1.6-fold increase in mean 
XARELTO Cmax, with significant increases in its pharmacodynamic 
effects.

The use of XARELTO is contraindicated in patients 
receiving systemic treatment with ritonavir (see 
CONTRAINDICATIONS and WARNINGS AND PRECAUTIONS – 
Drug Interactions, Renal Impairment).

Anti-infectives:
erythromycin

CT Erythromycin (500 mg tid), which inhibits CYP 3A4 and P-gp 
moderately, led to a 1.3-fold increase in mean XARELTO AUC and Cmax.

No dose adjustment is required.

clarithromycin CT Clarithromycin (500 mg bid), considered a strong CYP 3A4 inhibitor 
and moderate P-gp inhibitor, led to a 1.5-fold increase in mean 
rivaroxaban, and a 1.4-fold increase in Cmax.

The use of XARELTO in combination with clarithromycin may 
increase the risk of bleeding particularly in patients with 
underlying disease conditions, and elderly. Caution is required.

rifampicin CT Coadministration of XARELTO with the strong CYP 3A4 and P-gp 
inducer rifampicin led to an approximate 50% decrease in mean 
XARELTO AUC, with parallel decreases in its pharmacodynamic effects.

Strong CYP 3A4 inducers should generally be avoided in 
combination with XARELTO, as such use can be expected to 
result in inadequate anticoagulation.

Anti-convulsants: 
phenytoin 
carbamazepine
phenobarbitone

T The concomitant use of XARELTO with strong CYP 3A4 inducers, eg, 
phenytoin, carbamazepine, or phenobarbitone, may also lead to a 
decreased XARELTO plasma concentration.

Strong CYP 3A4 inducers should generally be avoided in 
combination with XARELTO, as such use can be expected to 
result in inadequate anticoagulation.

Nonsteroidal Anti-
inflammatory
Drugs (NSAID): 
naproxen

CT Coadministration with naproxen did not affect XARELTO bioavailability 
and pharmacokinetics. No clinically relevant prolongation of bleeding 
time was observed when 500 mg naproxen was pre-administered  
24 hours before concomitant administration of single doses of 
XARELTO 15 mg and naproxen 500 mg in healthy subjects.

Concomitant use with XARELTO increases the risk of bleeding. 
Promptly evaluate any signs or symptoms of blood loss (see 
WARNINGS AND PRECAUTIONS – Drug Interactions).
For patients in the ROCKET AF trial, concomitant ASA use 
(almost exclusively at 100 mg or less) was identified as an 
independent risk factor for major bleeding with both XARELTO 
and warfarin.

Antiplatelet drugs:
clopidogrel

CT In two drug interaction studies of 11 and 13 healthy subjects, 
clopidogrel 300 mg was pre-administered 24 hours before 
concomitant administration of single doses of XARELTO 15 mg and 
clopidogrel 75 mg in healthy subjects. Clopidogrel with or without 
XARELTO led to an approximately 2-fold increase in the median 
bleeding time (normal range 2-8 minutes). In these studies, between 
30% and 40% of subjects who received both XARELTO and clopidogrel 
had maximum bleeding times of up to 45 minutes. XARELTO alone 
did not lead to a change in bleeding time at 4 hours or 2 days after 
administration. There was no change in the pharmacokinetics of 
either drug.

Concomitant use with XARELTO increases the risk of bleeding. 
Promptly evaluate any signs or symptoms of blood loss (see 
WARNINGS AND PRECAUTIONS – Drug Interactions).

Antithrombotic:
enoxaparin

CT After combined administration of enoxaparin (40 mg single dose) with 
XARELTO (10 mg single dose), an additive effect on anti-Factor-Xa 
activity was observed, without any additional effects on clotting 
tests (PT, aPTT). Enoxaparin did not affect the bioavailability and 
pharmacokinetics of XARELTO.

Coadministration of XARELTO at doses ≥10 mg with other 
anticoagulants or antithrombotic therapy has not been 
adequately studied in clinical trials. Due to the increased 
bleeding risk, generally avoid concomitant use with other 
anticoagulants (see WARNINGS AND PRECAUTIONS –  
Drug Interactions).

Legend: CT=Clinical Trial; T=Theoretical

No pharmacokinetic interaction was observed between warfarin and XARELTO.

There were no mutual pharmacokinetic interactions observed between XARELTO and midazolam (substrate of CYP 3A4), digoxin (substrate of P-gp), or atorvastatin (substrate 

of CYP 3A4 and P-gp).

Coadministration of the proton pump inhibitor, omeprazole, the H
2
-receptor antagonist, ranitidine, the antacid, aluminum hydroxide/magnesium hydroxide, or naproxen, 

clopidogrel, or enoxaparin did not affect XARELTO bioavailability or pharmacokinetics.

Drug-Food Interactions

XARELTO 15 mg and 20 mg should be taken with food. 

Grapefruit juice is a moderate CYP 3A4 inhibitor. Therefore, an increase in XARELTO exposure following grapefruit juice consumption is not expected to be clinically relevant.

Drug-Herb Interactions

The concomitant use of XARELTO with other strong CYP 3A4 inducers, eg, St. John’s Wort, may lead to a decreased XARELTO plasma concentration. Strong CYP 3A4 inducers 

should generally be avoided in combination with XARELTO, as such use can be expected to result in inadequate anticoagulation.

Drug-Laboratory Interactions

Although various clotting parameter tests (PT, aPTT, Heptest®) are affected by the mode of action of XARELTO, none of these clotting tests have been demonstrated to reliably 

assess the anticoagulant activity of rivaroxaban following XARELTO administration under usual conditions (see WARNINGS AND PRECAUTIONS – Monitoring and Laboratory 

Tests). 

The PT, measured in seconds, is influenced by XARELTO in a dose-dependent way with a close correlation to plasma concentrations if the Neoplastin® reagent is used. In 

patients who are bleeding, measuring the PT (Neoplastin® reagent) in seconds, but not INR, may be useful to assist in determining an excess of anticoagulant activity (see 

WARNINGS AND PRECAUTIONS – Monitoring and Laboratory Tests).

Please see XARELTO Product Monograph for complete prescribing information. 

Complete Product Monograph, prepared for health professionals, can be found at: http://www.bayer.ca or by contacting the sponsor at 1-800-265-7382.
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fungal infection, Cryptococcus gattii, CT, 
headache, sinusitis, lumbar puncture, emer-
gency medicine

Canada lags  
in PET 

for cancer care

Report calls for  
national strategy  
to improve access  

Dr. Laurin
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BY PIPPA WYSONG
Toronto 

Producing the medical 
isotope technetium-
99m (Tc-99m) from 

cyclotrons will be a big success,
though nuclear reactors as a 
source will still need to play a
role in the supply. 

This is the take from Dr.
Norman Laurin, president 
of the Canadian Association
of Nuclear Medicine, on the 
recent announcement that
Tc-99m can now be produced 
using cyclotrons instead of
nuclear reactors.

The development is more
than welcome, but there is one 
big question: Will Tc-99m from
cyclotrons be as cheap as it was 
from nuclear reactor sources?

“There is no business 
model for this yet since the
isotope has traditionally been 
produced by research facili-
ties,” said Dr. Laurin, a nuclear 
medicine physician in Trois-
Rivières, Que.

Cyclotrons will supply
nearby areas because Tc-99m 
has a half-life of only six hours.
Reactors, on the other hand, 
produce a “mother compound”

(molybdenum-99, of which 
Tc-99m is a decay product) that
has a half-life of 66 hours. That 
longer half-life means it can
survive being transported to 
more distant medical facilities.
The transportation issue is the 
key reason reactors will remain
part of the Tc-99m production 
scene, Dr. Laurin said.

World supply of the iso-
tope depends on a handful of
nuclear reactors, with recent 
shutdowns at Ontario’s Chalk

River reactor and other facili-
ties creating global shortages.

Researchers have been 
scrambling to find other ways
to make the isotope and, earlier 
this year, it was announced
that Tc-99m had been pro-
duced at Vancouver̕s TRIUMF
facility, home of the world’s 
largest cyclotron, and at sev-
eral smaller cyclotrons across 
Canada.

Researchers from Canada 
Light Source (CLS) in Saska-

toon and the National Research 
Council are collaborating to
produce molybdenum-99 
using a small linear accelerator
in Ottawa. At this point only 
small amounts are made, but
researchers are trying to ramp 
up the operation to make this a
viable option, said CLS spokes-
man Matthew Dalzell.

Tc-99m is used as a tracer, 
primarily in positron emission
tomography and single photon 
emission computed tomo-

graphy, for applications such 
as bone scans as well as cancer,
myocardial perfusion and func-
tional brain imaging.

 A total of 30,000 diagnostic 
tests per week are performed
in Canada using radioactive 
tracers. Close to 90% use
Tc-99m, said Dr. François 
Bénard, scientific director of
the Centre of Excellence for 
Functional Cancer Imaging at
the B.C. Cancer Agency. 

The work with cyclotrons
“allows hospitals with existing 
cyclotrons to produce Tc-99m,”
said Dr. Timothy Meyer (PhD), 
a spokesman with TRIUMF.

Many major hospitals across 
Canada already have cyclotrons
on site that produce other 
types of medical isotopes,
and most can be retrofi tted to 
make Tc-99m. Canada has 18
cyclotrons and seven more are 
being planned. Researchers
have determined the Tc-99m 
from cyclotrons is chemically
equivalent to that from a 
nuclear reactor.

The cost of upgrading 
cyclotrons will depend on their
age, power and other factors, 
and could range from about
$500,000 to $750,000, Dr. 
Meyer said.

How soon could cyclotron-
made Tc-99m be available?
“Depending on the exact 
Health Canada protocols, we
could see Vancouver-based 
production as early as Septem-
ber 2012 for delivery of Tc-99m 
to clinics,” Dr. Meyer said. MP
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Isotope crisis: 
Is the end in sight?

Nuclear-medicine 
physician welcomes 
a made-in-Canada 
solution to the
technetium-99m 
shortage

Clinical Pearls

Four clinical pearls came to mind when I
recently treated a previously healthy 65-year-
old male. He complained of hearing loss due to 
possible cerumen impaction. He also admitted 
to fi ve months of disabling fatigue with recur-
rent headaches and intermittent fevers ever 
since a road trip to California. 

There he had developed a sudden, unpro-
voked, thunderclap headache along with fever 
and vomiting. He ended up at a famous tertiary 
referral centre and was placed on antibiotics 
after a head CT scan showed sinusitis. Due 
to continued symptoms, he returned home to 
Canada and bounced around primary-care and 
ER facilities. 

A repeat head CT confi rmed the diagnosis of 
sinusitis and several courses of antibiotics were 

prescribed to no avail. When I saw him he was 
afebrile without headache. The lumbar punc-
ture revealed Cryptococcus gattii.
The four clinical pearls: 
• Head CT scans often report sinusitis fi ndings 
of no clinical signifi cance. 
• A patient who has taken multiple courses of 
antibiotics probably does not have a bacterial 
infection.
• Like the dreaded subarachnoid bleed, fungal 
and viral meningitides can cause thunderclap 
headaches. 
• Always do a lumbar puncture on a symptom-
atic patient with a history of a sudden severe 
headache after no bleed is seen on head CT. 
—Dr. Maria Hugi is an emergency physician in 
Vancouver and in Washington State.

It’s not sinusitis, but fungal meningitis!



Dr. François Bénard stands beside the cyclotron at the B.C. Cancer Agency 
in Vancouver. Dr. Bénard and other researchers recently announced 

that technetium-99m, the key nuclear medicine isotope, can now be produced 
using cyclotrons instead of nuclear reactors.
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Scotia. The average cost of a
scan in Canada is $1,506.20. 

The report noted the cost
per scan decreases as the num-
ber of overall scans increase.

According to David Jenkins, 
a spokesman for the Ontario
Ministry of Health and Long-
Term Care, “The volume of
PET scanning in Ontario has 
increased by approximately
22% year over year between 
2010/11 and 2011/12.”

There is a provincial PET 
steering committee that
oversees issues related to PET, 
funding and geographic loca-
tion of services, and that con-

tinues to review evidence on
the clinical utility of PET.  

The TRIUMF report calls for
a national strategy to improve 
access to PET scans and for
the creation of a national PET 
steering committee. A national
approach could help over-
come the initial high costs of
expanding the PET infrastruc-
ture. “Each province need not
deal with this situation on its 
own, in isolation. Co-ordinated
action, based on a clear busi-
ness case that outlines action
at federal and provincial 
levels, is required,” the report
stated.  MP

Shortage



06Mar27p62_63.indd 63 3/20/12 11:36 AM


	MP06_2012 62
	MP06_2012 63



