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The introduction of agents against vascular

endothelial growth factor, such as ranibizumab

and bevacizumab, has revolutionised

ophthalmology. Bevacizumab has been

formulated for use against cancer and is not

licensed for ocular use. Nevertheless, it is

administered on an off-label basis for an ever-

expanding range of eye conditions. Until

recently, there was no Level 1 evidence on the

safety and efficacy of bevacizumab when used

in the eye. This changed recently when two

large randomised controlled trials, IVAN and

CATT, reported their results.1,2

Both trials suggested marginal superiority of

ranibizumab in terms of visual acuity gain.

There was little difference in retinal thickness

and angiographic leakage. CATT showed that

ranibizumab was associated with more

geographic atrophy at 2 years. There were no

differences in endophthalmitis rates or

mortality. In IVAN, there were more

arteriothrombotic events and heart failure with

ranibizumab. Other adverse events were

collected using the MedDRA system class. In

CATT, these were more frequent with

bevacizumab than ranibizumab, 24% vs 19% at

1 year, and 40% vs 32% at 2 years. These adverse

events were distributed across a wide range of

organ class, and many seemed unrelated to

VEGF suppression. Adverse events included

infections, palpitations, and accidents.

However, the biggest imbalance was with

gastrointestinal disorders, 11 with ranibizumab

and 28 with bevacizumab. Gastrointestinal (GI)

disorders included hernia, nausea, vomiting,

and haemorrhage (two ranibizumab, seven

bevacizumab—data presented at ARVO 2012).

Intriguingly, these side effects did not appear to

be dose-related, but quite the opposite. Patients

who received more injections suffered fewer

adverse events. The CATT investigators gave

three possible explanations for the excess of

adverse events with bevacizumab: a true

difference in risk, allocation bias, or chance.

What evidence is there for each of these?

A meta-analysis of 16 randomised control

trials showed that in cancer patients

bevacizumab at weekly doses of up to 400 mg

did increase the risk of GI bleeds.3 However, the

risk was increased only when bevacizumab was

combined with taxanes and platinum agents.

There was no increased risk if bevacizumab was

used with agents like 5-fluorouracil. Arguably,

the most important finding in CATT and IVAN

was on hypertension. Hypertension is probably

the best indirect marker of tissue VEGF

suppression. Various studies have

demonstrated the ability of ocular doses of

bevacizumab (1.25 mg monthly) in inhibiting

plasma or serum VEGF.1,4,5 However, to

suppress VEGF at tissue level, as in cancer,

much higher doses of bevacizumab are

required, up to 400 mg weekly. At these doses, a

renal thrombotic microangiopathy develops,

leading to hypertension.6,7 The absence of

hypertension in CATT and IVAN suggests that

systemic tissue VEGF suppression with

bevacizumab is minimal at ocular doses.

Was there any evidence of allocation bias?

The baseline characteristics in CATT show that

almost twice as many patients on bevacizumab

than on ranibizumab had had a previous TIA.8

These patients were probably more likely to

have been on an antiplatelet drug and hence

more prone to suffer a GI haemorrhage. It may

also be relevant that the bevacizumab patients

were older (80.1 vs 79.2 years in the monthly

arm, and 79.3 vs 78.4 years in the ‘prn’ arms),

and so may have been more likely to suffer ill

health. It is important to note that during the

course of the CATT study, around three-quarters
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of patients became unmasked to the drug and were able to

deduce the treatment arm they were in from their

insurance documents.2 CATT required documentation of

every conceivable adverse event suffered by patients along

the MedDRA system, ranging from strokes to heart attacks

and from hernia to toothache.8 It is plausible this

unmasking may have introduced an element of reporting

bias. Patients allocated to ‘the cheap drug’ on an ‘infrequent

basis’ may have been more inclined to self-report ‘adverse

events’ than patients allocated to ‘the expensive drug’ on a

‘monthly regimen’. Such ‘adverse events’ would be very

common in the age group under study, and an association

does not imply cause and effect.

What role does chance have in clinical trials? Clinicians

often fail to appreciate the influence of chance in clinical

trials, the random nature of statistics, and the significance

of spurious results or Type 1 errors. In 1988, the ISIS-2

study looked at 17 187 patients who had suffered

myocardial infarctions, and showed that aspirin

significantly decreased mortality (Po0.00001).

Re-analysis of the data according to astrological signs

revealed that patients born under Gemini and Libra had a

slightly higher mortality.9,10 The DICE study showed an

increased mortality from throwing a red dice after strokes.11

The Optic Neuritis Treatment Trial showed that after an

attack of optic neuritis, intravenous corticosteroids

decreased recurrence rates, but oral corticosteroids had the

opposite effect (P¼ 0.002).12 This finding is now widely

regarded as spurious. Like IVAN, both the SAILOR and

SUSTAIN studies suggested an increased risk of stroke

with ranibizumab.13,14 A meta-analysis of the MARINA,

ANCHOR, and FOCUS studies found higher rates of

strokes with ranibizumab.15 Closer examination of the data

also suggested that ranibizumab protects against

myocardial infarction. Curiously, a third of the data showed

an increased risk of strokes or myocardial infarction, a third

showed a decreased risk, and a third showed no difference.

The rate of these events varied widely, even amongst

controls, suggesting Type 1 error.

It has been argued that CATT and IVAN were not

powered to look at safety, that the sample sizes were too

small and that more studies are needed. More studies are

surely welcome, but one needs to appreciate that the

laws of statistics dictate that some of these studies will

throw up spurious results, whereas others, however

well-designed and conducted, will be subject to some

form of bias. Conducting more studies does not reduce

the chances of Type 1 errors, but quite the opposite. This

phenomenon has been seen in the debate over mobile

telephones, where several thousand studies have failed

to settle the argument as to whether mobile telephones

cause cancer. Studies on macular degeneration are no

exception to this phenomenon. The devil indeed lies in

the correct interpretation of the statistics.
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