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Purpose: The European medicines agency (EMEA) has stated that the degree of pre-treat-

ment could modify the patient’s tolerance to new treatments in paediatric oncology. It is

current practice to divide a phase I trial into two groups to identify the maximum tolerated

dose (MTD) in each group separately. The aim of this study was to investigate the relevance

of this approach.

Methods: We reanalysed a large phase I trial of Irinotecan that included 80 children (32

heavily pretreated patients and 48 less heavily pretreated). An extended simulation study

was performed to investigate the robustness of the conclusions in the context of small

sample sizes. Dose recommendations were studied according to scenarios with group dif-

ferences, as measured by odds ratio (OR), ranging from 1 (no difference) to 10 (large differ-

ence) and sample sizes increasing from 20 · 2 to 60 · 2 patients.

Results: This study shows a high risk of misidentification of the MTD in each of the two

groups, regardless of the group difference. With a group difference corresponding to

OR = 8 and balanced sample sizes (20 · 2 patients), the same MTD was identified in 11%

of the simulations. Even with larger sample sizes (40 · 2 patients), this figure reached

24% for OR = 3. There is also a very high risk of identifying two different MTD (52% for

40 · 2 patients) although the risk is similar in both groups.

Conclusions: Two independent sample designs in paediatric phase I trials should be avoided

or reserved to limited situations when there is a strong rationale possibly based on adult data.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The purpose of a phase I clinical trial is to identify the optimal

dose to be recommended for further studies on a limited sam-

ple of patients. For most compounds, this is generally taken

as the maximum tolerated dose (MTD), usually defined as a

percentile of some unknown increasing dose–toxicity curve.

This dose will be used for further investigations.1 The
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European medicines agency (EMEA)2 has stated that the de-

gree of pre-treatment could modify the patient’s tolerance

to new treatments in paediatric oncology, and then suggested

that exploration of this potential difference should be consid-

ered. Assuming that heavily pretreated patients have a higher

risk of severe toxicity than less heavily pretreated patients, it

is often expected that the MTD should be lower for heavily

pretreated patients than for less heavily pretreated patients.3
.
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Phase I trials are therefore commonly designed to investigate

several groups of patients with different histories of previous

chemotherapies to determine different MTDs, requiring lar-

ger sample sizes for an unknown benefit.4–6 This two-sample

design is not systematically reported in publications either

because of lack of accrual in one group or because the results

are published separately.

Is it relevant to consider two separate groups based on the

degree of pre-treatment in phase I clinical trials with inevita-

bly limited sample sizes? Whilst being standard practice, this

approach has never been evaluated.

To address this issue, the results of a large phase I paediat-

rics clinical trial of IRINOTECAN were reviewed.4 Relation-

ships between degree of pre-treatment, dose and patient

tolerance were described on the basis of these data. An ex-

tended simulation study was then performed to investigate

the impact of a two-sample design on correct identification of

the MTD under various scenarios. If the degree of pre-treatment

is truly a prognostic factor of the risk of severe toxicity, how

likely is it to be detected? Conversely, if the two groups are

homogeneous, what is the risk of identifying two distinct MTD?

2. Materials and methods

2.1. Materials: the Irinotecan trial

The Irinotecan trial was a phase I paediatric trial to determine

the maximum tolerated dose (MTD) of IRINOTECAN adminis-

tered as a single intravenous infusion.4 Eighty patients with

malignant solid tumours were enrolled in this study. Two

groups were considered separately including ‘less heavily pre-

treated’ (n = 48, group L) and ‘heavily pretreated’ (n = 32, group

H) patients, as defined by prior craniospinal irradiation and/or

high-dose chemotherapy with stem cell rescue. Patients were

required to have adequate blood cell counts (i.e. neutro-

phils > 1500 mm)3 [group L], or >1000 mm)3 [group 2]; and

platelets > 100,000 mm)3 [group L], or >75,000 mm)3 [group

H]) except in the case of bone marrow involvement, satisfac-

tory liver function, normal renal function and no radiother-

apy or chemotherapy within the last 4 weeks before study

entry (or 6 weeks if NU).
Table 1 – Dose levels and DLT outcomes in the less heavily pret

Dose Group L, less heavi
pretreated (n = 48)

Level mg/m2 Nb of pts DL

Level 1 200 3 –
Level 2 240 3 –
Level 3 300 3 –
Level 4 350 6 –
Level 5 420 5 –
Level 6 500 6 1 heart failure Gr-

Level 7 600 16 1 neutropenia/Gr-
1 Gr-3 nausea/vom

Level 8 720 6 2 delayed diarroh
1 Gr-3 cholinergic

Gr-3: grade 3 and Gr-4: grade 4.
Toxic side-effects were assessed after each cycle of treat-

ment but only dose-limiting toxicities (DLTs) after the first cy-

cle were used to identify the MTD. Dose finding was performed

in both groups. In group L, the standard 3 + 3 method was used

and in group H, the continual reassessment method (CRM)7

was used. As shown in Table 1, children received IRINOTECAN

at doses ranging from 200 to 720 mg/m2 and the main DLTs

experienced were delayed diarrhoea in less heavily pretreated

patients, and neutropenia in heavily pretreated patients. The

maximum tolerated dose (MTD) was 600 mg/m2 in both

groups. This level was expanded to further characterise the

toxicity profile and was recommended for further studies.

2.2. Methods

To investigate the effect of the degree of pre-treatment on

the dose–toxicity relation of Irinotecan, a logistic model

was fitted to the Irinotecan data with a covariate g for the

group that takes value g = 0 for less heavily pretreated pa-

tients (group L) and g = 1 for heavily pretreated children

(group H). This provides the adjusted odds ratio estimate

for the group effect.

To investigate the prognosis of baseline characteristics on

the risk of DLT, we carried out only bivariate analyses ad-

justed on the dose due to the limited number of events. We

estimated the odds ratio of the degree of pre-treatment as

well as of the different baseline variables after adjustment

on the dose level. The 95% confidence interval (95% CI) is

provided together with each estimate. Significant baseline

characteristics were further adjusted on the degree of pre-

treatment.

To investigate the relevance of considering two parallel

groups of patients and the reproducibility of our results in a

more general framework, a simulation study was conducted.

The risk of erroneous final recommendations was assessed

with the following parameters:

(i) The risk of not recommending the correct dose level in

at least one group (risk of wrong identification).

(ii) The risk of identifying different MTDs in the two groups

when there is, in fact, no different risk of toxicity.
reated and heavily pretreated patients of the CPT11 trial.

ly Group H, heavily
pretreated (n = 32)

Ts Nb of pts DLTs

3 –
4 –
3 –
7 –
3 –

3 3 1 Gr-3 nausea/
vomiting

3 infection
iting

10 2 Gr-4 persistent
neutropenia

ea (Gr-3 and Gr-4)
syndrome

–
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(iii) The risk of identifying the same MTD in the absence of

group difference, or even of identifying a higher MTD in

group H than in group L.

Simulations consist in several steps: first assume a ‘true’

dose–toxicity relation (a scenario), i.e. the probability of toxic-

ity at the different dose levels, next simulate the process of a

trial, that is (i) the patient allocation to a dose, (ii) the simula-

tion of the outcome (DLTor not) based on the ‘true’ probability

of toxicity at the allocated dose level and (iii) the recommen-

dation of the next dose level to be visited, last repeat the trial

simulation a large number of times to obtain average operat-

ing characteristics expressed as the distribution of the final

recommendations, or the dose allocation, the number of

DLTs, etc.

Several scenarios were explored. The true group-specific

dose–toxicity relation for IRINOTECAN in children was as-

sumed to follow the multivariate logistic model described

above with the dose taken as continuous and the parameters

estimated from Irinotecan data. The MTD was the dose level

for which the probability of toxicity was closest to 20%. In

the group L, the MTD was then dose level 7 and the ‘true’

dose–toxicity relation was the same in all scenarios The true

dose–toxicity model in the other group ranged from OR = 1

(b = 0) corresponding to no group effect (same risk of severe

toxicity in the two groups), to OR = 10 (b = 2.3) corresponding

to a major excess risk in group H compared to group L. Sce-

narios are illustrated in Fig. 1. In other words, in group H,

the MTD was also dose level 7 for the scenario OR = 1 (same

risk of severe toxicity in both groups). It was dose level 6 for

a moderate excess risk compared to group L (OR = 3 or 4)

and dose level 5 for a major excess risk. The impact of the

sample size on the final recommendations was also explored.

Trials enrolling between 20 · 2 and 60 · 2 patients were simu-

lated for an OR of either 1 or 8. Only balanced sample sizes

were studied. CRM was used to conduct dose escalation inde-

pendently in groups L and H. Doses were escalated after each
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Fig. 1 – Dose–toxicity curve of the reference group L (less

heavily pretreated patients) drawn from the Irinotecan data

and dose–toxicity curves in group H (heavily pretreated)

obtained under the assumption of increasing group differ-

ence (OR = 1–10).
simulated patient tolerated treatment until the first DLT was

observed. A logistic model with fixed slope was then fitted

after each new simulated patient. The dose allocated to the

following patient had a probability of toxicity closest to 20%.

No dose skipping was allowed. The simulated trials came to

a halt after the fixed number of patients. For each scenario,

1000 simulated trials were repeated, resulting in a distribution

of final recommendations, i.e. the frequency of simulations

that recommended each dose level as the MTD. The precision

of the simulations, that is of the estimate of the probability of

identifying a dose level closest to 20% of DLT, was then be-

tween 1% and 1.5% depending on how frequently the dose le-

vel was recommended.

3. Results

3.1. Irinotecan trial

Patient characteristics on inclusion in the Irinotecan trial

according to the degree of pre-treatment are described in

Table S1 of the Supplementary material. No statistically sig-

nificant difference was observed between groups L and H in

terms of clinical data at entry, while platelet count only ap-

peared to be better in the less heavily pretreated group. No

statistically significant association was found between the

degree of pre-treatment and the overall risk of toxicity after

one course (OR = 2.2, 95% confidence interval 0.4–12.6). This

was in agreement with the conclusions of the trial that had

recommended the same MTD in both groups. No other covar-

iates (clinical, haematological or biochemical), apart from age

(and therefore BMI) were statistically associated with the risk

of DLT after adjustment on the dose. Nevertheless a lack of

power cannot be ruled out.

3.2. Simulation study

Table 2 describes the operating characteristics in the case of

no group difference (OR = 1) in terms of risk of severe toxicity.

Strikingly, a very high frequency of simulations that did not

recommend the correct doses was observed. For example,

for a sample size of 30 patients per group (n = 60), the proba-

bility of recommending the right MTD (dose level 7) was

57% in each group and then the probability of correct identi-

fication of both MTD in the two independent groups was

32% (68% led to a wrong identification in at least one of the

two groups). The risk of identification of different MTDs,

when the groups did not differ, was greater than 50% when

the trial recruited 40 · 2 patients or less. When increasing

the sample size, this risk decreased up to 37% for 60 · 2 pa-

tients; this risk remained quite high for an untypical sample

in phase I.

As illustrated in Fig. 2, the risk of incorrect identification in

at least one group decreased with the sample size but was

independent of the OR for a given sample size. In the presence

of a strong group effect (OR = 8), this risk was still as high as

65% after 30 · 2 patients.

As described in Section 2.2, an odds ratio equal to 8 re-

sulted in a two-dose level difference in terms of MTDs (dose

level 7 in group L and dose level 5 in group H). With such a

large difference between groups, the probability of identifying



Table 2 – Final recommendations for different sample sizes in the scenario of an odds ratio of 1.

For each scenario and each group, highlighted percentages represent the probability of correctly identifying the MTD.

E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 3 9 2 – 1 3 9 8 1395
the same MTD was 9% after two samples of 20 patients; a

sample size of at least 40 · 2 was required to maintain this

risk below 3%. There was even a 2% risk of identifying a high-

er MTD in group L than in group H (cf. Table 3).

Table 4 highlights the impact of group differences, consid-

ering a sample size of 40 · 2 patients. A 24% probability of

wrongly identifying the same MTD or even a higher MTD in

group L than in group H was observed for an odds ratio equal

to 3. This risk was less than 5% only in the situation of a

marked excess risk (OR P 6, results for OR = 6 not shown).

4. Discussion

There has been a growing interest in the design of paediatric

phase I clinical trials either to improve the accuracy of MTD

identification, or to speed up the trial with the rolling six de-
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Fig. 2 – Risk of incorrect identification of the MTD in at least

one group for an odds ratio of 1 and 8 in terms of sample

sizes.
sign,8 or to more effectively take into account the heterogene-

ity of the population. Regarding this last concern, our analysis

of the Irinotecan data failed to clearly associate clinical or lab-

oratory characteristics with the degree of pre-treatment. This

result can be partly explained by the very strict inclusion cri-

teria in the Irinotecan study that tended to reduce possible

differences between the two groups. Moreover, no correlation

was observed between toxicity and degree of pre-treatment.

However, the observed toxicity profile was mainly digestive

and the impact of pre-treatment, if any, is probably more

marked on haematologic toxicity than on digestive toxicity.

The effect of pre-treatment on bone marrow toxicity could

have been masked by the development of other toxicities

and the association between pre-treatment and risk of DLT

may have been diluted. This negative result may also be due

to the random variation that has a strong impact on inference

due to the limited sample sizes of phase I clinical trials.

Results of the simulations show that the conclusions of

the Irinotecan trial should be interpreted with caution even

though the sample size was exceptionally large. Considering

the large risk of error after 80 patients, we cannot exclude

that heavily pretreated children were indeed at greater risk

of toxicity than less heavily pretreated children. Small sam-

ples are a major limitation to conclusions of phase I clinical

trials. Splitting the population into two samples multiplies

the risk of incorrect identification of MTD in at least one of

the two groups, even for large sample sizes. The risk of error

is a general but neglected feature of phase I clinical trials. Sin-

gle arm trials have limited precision: over a large range of sit-

uations, it has been shown that about 50% of the simulations

identify a dose that does not correspond to the MTD.9,10 This

success rate can get even worse for flat dose–toxicity rela-

tions,11 which are not uncommon with targeted agents. For

two-arm trials, in addition to incorrect MTD identification,

there is a significant risk of concluding on either a group dif-



Table 3 – Final recommendations for different sample sizes in the scenario of an odds ratio of 8.

For each scenario and each group, highlighted percentages represent the probability of correctly identifying the maximum tolerated dose.

1396 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 1 3 9 2 – 1 3 9 8
ference when there is no such difference or on the absence of

difference when a difference exists. Doubling the sample size

with two groups appears to be unproductive and an escala-

tion ignoring the implied biological constraints may lead to

logically inconsistent dosing recommendations.

To limit these large errors of joint recommendations, sev-

eral authors12–14 have recently proposed experimental de-

signs that incorporate prior assumption regarding the

expected effect of the prognostic factor. The extreme case is

to consider that a group cannot be inferior to the other by

construction. Nevertheless, simulations of the operating

characteristics of such methods have shown that only very

little is gained unless strong and unverifiable prior informa-

tion on the group difference is elicited. Such prior assump-
Table 4 – Final recommendations for different odds ratio and 40

For each scenario and each group, highlighted percentages represent the
tions increase the risk of biased final recommendations in

the case of misspecification.

The rationale for running multi-arm dose-finding studies

designed to investigate population heterogeneity can also be

questioned. Lee and colleagues15 underlined that in the past

15 years, dose-intensive therapies have been routinely

administered in high-risk tumours and patients included in

early clinical trials were generally heavily pretreated. To our

knowledge, no studies on large populations, such as those eli-

gible for phase I trials, have shown that the degree of pre-

treatment is associated with the risk of DLT. Likewise, we

are not aware of paediatric treatments that are registered

with different doses according to degree of previous treat-

ments. Conversely, the main restrictions to dosages are
patients per group

probability of correctly identifying the maximum tolerated dose.
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related to organ dysfunctions, especially for some toxicity

profile such as cardiac toxic side events with anthracyclines

or renal toxicity with platinum-based regimens. Very few fac-

tors have been related to the risk of developing toxic side

events. On a pooled analysis of 154 patients included in phase

I, Bachelot and colleagues16 only found the age as prognostic

factor after adjustment on the dose level. Organ function dis-

orders have much stronger influence on the tolerability of

the treatment than other known variables and could be good

candidates supposing that there is a need to define the MTD

in this specific subpopulation. The influence of previous lines

of treatments is probably strongly reduced when controlling

for good organ functions. This raises the delicate issue of

inclusion criteria as to whether strict selection should or

should not be performed. Phase I trials usually enrol a highly

selected population and this likely has a major impact on

dose intensity achieved and treatment activity observed.17

Usually, phase I patients are not representative of the whole

phase I population since they have good performance status,

good medullar, renal or hepatic functions. This limits the risk

of severe and irreversible adverse events and enables to bet-

ter characterise the toxicity profile of the treatment under

study. This population is also felt to be more representative

of the general less advanced population. However, these

drastic inclusion criteria homogenise the population making

it questionable to target different MTDs. The two alternatives

should be either to investigate the MTD variation in a largely

defined population and then to use a 2-sample design or to

restrict the inclusion criteria and to use a 1-sample design.

This latter solution appears much more practical and

efficient.

Although there is physiologic and biologic evidence for

this association, the number of previous lines of chemother-

apy may not be the most appropriate factor. This somewhat

surrogate marker of patient susceptibility to support chemo-

therapy should be reconsidered on a case-by-case basis. It is

likely that a unique prognostic factor adapted to all diseases

and all therapeutic classes cannot be identified. Information

given by previous trials performed in adults provides a unique

opportunity to identify strong prognostic factors of toxicity

that could be taken into account in paediatric trials. Better

use of the knowledge accumulated in adults is a crucial chal-

lenge to improve the efficiency of phase I trials in children as

shown by Lee and colleagues15 who studied the correlation

between adult and paediatric studies and the way adult data

are used. It could provide a strong rationale for investigating

subgroups of patients or, preferably, speed up the trial by

restricting efforts to a limited number of levels. Ultimately,

phase I trials in children could possibly be based on extrapo-

lation from adult data and could be designed to verify this

extrapolation.

Is it therefore relevant to identify MTD in two independent

groups? One should bear in mind that such a design leads to

double the number of children enrolled in toxicity trials. At

this stage of the clinical development, few proofs of the activ-

ity of the treatment under study are available and it may be

more relevant to concentrate efforts on faster and more infor-

mative trials. Two independent sample designs in phase I tri-

als should be avoided or reserved to limited situations when

there is a strong rationale allowing for a hypothesis on group
ordering. Parallel dose search may only be fruitful when the

parallel groups are known to have a clear different toxicity

profile. We believe that the EMEA recommendations should

be carefully reviewed.
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