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Now that therapeutic hypothermia for neonatal encephalopathy (NE) has successfully 

translated to routine care (1), the key challenge is to find adjunct therapies that can safely 

further improve outcomes (2). Selection is complicated by the curse of choice, as over 1000 

different interventions are reported to show neuroprotection in various settings. In the present 

issue of Pediatric Research, Favié and colleagues report a two phase trial to establish the 

pharmacokinetics and short-term safety of a potential adjuvant, the nonspecific inhibitor of 

neuronal and inducible nitric oxide (NOS) 2-iminobiotin (3). The second phase was needed 

as the initial dose regime was an approximation derived from piglet studies undertaken 

during normothermia (4). Species differences, global hepatic and renal injury associated with 

NE and of course therapeutic hypothermia itself, all can, and commonly do, substantially 

affect drug clearance. This is a nice example of one of the steps needed for clinical 

translation. 

The authors highlight that in the piglet study 2-iminobiotin was given for just 24 hours, 

whereas in this dose finding study, they chose to give it for 48 hours (3), based on limited 

animal data. There is no human evidence for the duration of upregulation of NOS in NE or 

for the optimal duration of therapy in animal studies. They conclude that human studies are 

now needed to establish the optimal duration of therapy. This is an important time to reflect 

on what strategy we should use to translate promising interventions and whether it is 

important to establish pharmacodynamics first. Some of the issues are highly specific for 

neonatal neuroprotection, while others are common across many areas of pediatric research.  

How “strong” is the evidence for neuroprotection? 

As recently reviewed, there is moderately strong evidence for 2-iminobiotin, in more than 

one species (5). One dose ranging study in the piglet demonstrated functional and histological 

benefits (4), when treatment was started immediately after hypoxia-ischemia (HI). In other 
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studies of this agent, it was given either before or shortly after HI (5). More generally, there is 

only limited evidence for delayed treatment with any NOS inhibitor. This is a substantial 

limitation, since it remains a formidable challenge to start new interventions shortly after 

birth. For example, in the foundation randomized controlled trials (RCTs) of therapeutic 

hypothermia, infants were typically randomized at a mean of 4.0 to 5.2 h after birth (6). Of 

concern, some recent trials have reported even later initiation of treatment. For example, in a 

recent phase two study of an injectable adjunct treatment, erythropoietin, the first dose was 

given at a mean of 16.5 (5.9) hours (7). Thus, unless it is clear how much delay is acceptable, 

it would be very easy for excessive delay to confound the results of an RCT. 

Is it neuroprotective with therapeutic hypothermia? 

The next issue is that the animal studies of 2-iminobiotin were undertaken during 

normothermia. Therapeutic hypothermia suppresses multiple extracellular and intracellular 

processes leading to programmed cell death (8). Its effect on adjunct therapies is complex. It 

can delay the progression of cell death, and so in some studies, increased the window of 

opportunity for other interventions. Conversely, it suppresses many potential target processes, 

and so could reduce the effectiveness of adjunct interventions. Indeed, a recent study in P9 

mice found that combination therapy with hypothermia and stem cell therapy was less 

effective than either alone (9).  

Of immediate relevance to the present study, in anesthetized piglets, hypothermia for 5 hours 

significantly attenuated the post-hypoxic increase in extracellular NO (10). Similarly, 

hypothermia suppressed inducible NOS expression 12 h after HI in newborn piglets (11), and 

8 hours after cardiac arrest in adult pigs (12). This raises the plausible scenario that the 

effects of 2-iminobiotin may be less than additive or even non-additive during co-treatment 

with hypothermia.  Further, it is unclear whether or to what extent it could also inhibit 
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beneficial epithelial NOS activity in humans, and whether its treatment effects are sex 

specific, as suggested by rodent studies (5). Thus, we submit that formal studies of co-

treatment with a clinical hypothermia regime to determine the optimal dose and duration in 

the context of realistic delays before initiating treatment are essential before committing the 

substantial resources needed for RCTs powered to demonstrate neuroprotection and to 

compare treatment regimes. 

Conclusion 

There is obviously no one correct approach to translation. Rather, for each potential 

intervention we need to carefully consider the pragmatic balance between different types of 

risk. On the one hand, there is a risk of unnecessarily delaying progress on a highly promising 

candidate if we need to wait for additional animal data. This risk should be balanced against 

the risk of wasting clinical resources on an agent whose effects are not-additive with 

hypothermia due to overlapping mechanisms of action, especially if the drug target is unclear. 

Moreover, if clinical trials are started before there is strong information on the most effective 

trial protocol, and the likely magnitude of effect, there is a substantial risk of inconclusive 

results and lack of progress from incomplete information, leading to prematurely abandoning 

a beneficial intervention.  

The animal studies of therapeutic hypothermia translated strikingly well in to clinical 

practice. Partly, this reflected a very broad evidence base from multiple competing groups, 

experimental paradigms and species. Partly, it also reflected highly focused work from 

multiple investigators to establish the effective window of opportunity, optimal dose range 

and duration (1). Subsequent animal studies and a very large RCT undertaken in parallel have 

shown highly similar results, refining our knowledge of the optimal regime for therapeutic 

hypothermia, and supporting the translational value of well conducted animal studies (13, 
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14). It is reasonable to note that many of these questions have not been answered for 2-

iminobiotin. 

The challenges inherent in trying to answer clinical questions with RCTs must not be 

underestimated. It is easy to forget that we did not have statistically significant evidence for 

therapeutic hypothermia until the meta-analysis of the first 3 RCTs (15). In practice, many 

regulatory authorities did not support routine use of therapeutic hypothermia until the 

outcomes from over 1100 randomized infants were available (6). In the era of therapeutic 

hypothermia, trial power will be less because of the reduced event rate, and thus extremely 

large trials will be needed to resolve multiple questions and show effect, even for a highly 

additive adjunct therapy. Given these issues, there is a danger that clinical studies would not 

be sufficiently well powered to determine the window of opportunity or optimal duration (or 

dose) for this or any other therapeutic target. If an early study suggested no effect by chance 

or because the first treatment protocol wasn’t optimal, it would be extremely difficult to 

support ongoing studies. 

In conclusion, we strongly recommend that further key animal studies using well controlled, 

translational models are undertaken to determine the optimal dose and duration of co-

treatment with therapeutic hypothermia, in the setting of clinically plausible delays after HI, 

before undertaking RCTs with the power to reliably test neuroprotection. 
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