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Abstract

While many phase | trials report tumor response, formal analysis of efficacy is deferred to phase
I1. We reviewed paired phase | and 11 pediatric oncology trials to ascertain the relationship
between phase | and Il objective response (OR%). Single-agent phase I trials were paired with
corresponding phase Il trials (comparable study drug, dosing schedule, and population). Phase |
trials without efficacy data or a matching phase 11 trial were excluded. OR% was tabulated for all
trials, and phase 11 authors' subjective conclusions regarding efficacy were documented. 35 pairs of
trials were analyzed. The correlation between phase | and 11 OR% was 0.93. Between phase 1l
studies with a “positive” conclusion versus a “negative” one, there was a statistically significant
difference in mean phase | OR% (32.0% vs. 4.5%, p < 0.001). Thirteen phase Il studies were
undertaken despite phase | OR% of 0%; only one had a “positive” conclusion, and none exceeded
OR% of 15%. Objective response rates are highly correlated between phase I and 11 pediatric
oncology trials. Though not a formal measure of drug efficacy, phase | OR% may provide an
estimate of phase Il response, inform phase 1l study design, and should be given greater
consideration.
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Introduction

Phase I clinical trials are a critical step in the evaluation of novel anti-cancer agents. They
typically enroll small cohorts of patients with refractory cancers, the primary goals being to
characterize the frequency and severity of toxicities associated with the drug, and to identify
a maximally tolerated dose (MTD) or biologically relevant dose for use in further studies.
Tumor response in the context of a phase |1 trial, if reported, is appropriately relegated to a
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secondary/exploratory objective. This is due to factors such as low sample size, a wide range
of doses tested, heterogeneity of tumors treated, and prior chemotherapeutic history of study
participants. The first formal analysis of the novel drug's clinical activity against specific
cancers is usually reserved for subsequent phase Il trials, which enroll a larger and more
homogenous study population. Because of this stepwise process, it is not uncommon for
drugs that demonstrate minimal clinical activity in phase | to nevertheless proceed to further
evaluation in a phase Il study.

Clinical drug trials thus raise important ethical objectives for the field of oncology — namely,
to efficiently and accurately evaluate a multitude of new anti-cancer drugs and reap their
maximum potential benefit for the study population and for society at large, but also
minimize the drug-related toxicities and study-inherent risks/costs borne by trial
participants. These considerations become all the more salient in the study of rare
conditions, as the scarcity of eligible patients demands that new therapeutic options are
evaluated as efficiently as possible.

This is highly relevant to pediatric cancers, of which there were approximately 15,780 new
cases in the United States in 2014, compared to the 1.6 million projected new cases of adult
cancer in 2015.[1,2] Because the same anti-cancer agents can cause different toxicities and
clinical effects in pediatric patients, pediatric clinical trials are almost always conducted
separately from adult trials. As a result, efficiency is even more critical for pediatric phase |
and phase 11 trials; safe, efficacious drugs must be identified through studying a very limited
number of children. Previous reviews of pediatric oncology trials have identified useful
approaches to this dilemma, such as by highlighting the importance of multi-institutional
collaboration in the study of rare pediatric conditions, and by presenting evidence that a
narrower range of doses is needed in pediatric phase | evaluation.[3,4]

However, prior studies have not examined the possibility that clinical responses reported in
pediatric phase | trials may provide predictive information regarding the drug’s clinical
efficacy. Though formal conclusions about efficacy are precluded by phase | study design, it
remains to be seen whether anti-tumor responses in phase | are at all correlated with (or
predictive of) clinical outcomes in phase Il. Such a relationship could better inform phase 11
evaluation of certain drugs and potentially increase the overall efficiency of pediatric clinical
trials, accelerating the identification of clinically active agents.

We reviewed the published literature of pediatric oncology trials from 1990-2012,
identifying matched pairs of single-agent, phase | and phase I clinical trials. Our primary
goal was to explore the relationship, if any, between the response rates observed in phase |
trials of those agents, and the response rates observed in the corresponding phase 1l studies.

Materials and Methods

Literature review

Phase | pediatric clinical oncology trials published from 1990 to 2012 were identified by
National Library of Medicine Gateway searches using the key words “pediatric”, “phase
1/1”, and “cancer”. This was supplemented by a search in the NIH Clinical Trials database
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(clinicaltrials.gov), in the references of select articles reviewing pediatric clinical oncology
trials, and in the Children's Oncology Group's listing of published clinical trials. Search
results were screened; duplicates, adult trials, and non-cancer trials were filtered.
Combination chemotherapy or chemo-radiotherapy trials were not included in the analysis to
guard against the possibility that response might reflect the activity of known active agents
or the use of radiation.

Single-agent trials were paired with their phase Il counterparts using references from the
phase Il article (to locate a matching phase | study) or NLM/Google Scholar citations for the
phase | article (to locate a matching phase Il study). We defined matching pairs as phase |
and Il trials with identical drug regimen and dosing schedule, as well as matching eligible
age range and tumor types under study (solid, hematologic, and/or primary CNS tumors).
Combined phase I/11 trials were excluded unless they enrolled patients in separate phase |
and phase Il cohorts, and tumor response data was reported from both cohorts. Studies
enrolling both pediatric and adult patients were only included if the subset of pediatric data
could be extracted.

Phase I trials that could not be matched to a corresponding study (i.e. a phase Il study was
never conducted, or was conducted with a combinatorial regimen or different dosing
schedule) were excluded from further analysis.

Clinical responses

For each phase | and phase Il study, we tabulated the number of children enrolled, the
number evaluated for response, and the objective response rate (OR%). For solid tumors, we
defined OR% as the proportion of evaluated children who achieved complete or partial
response (CR + PR). For hematologic malignancies, we utilized each study's criteria for
complete and partial response, which generally included M1 and M2 marrow respectively
(most studies had additional criteria such as recovery of peripheral counts, no circulating
blasts, and/or no clinical signs of disease). Cases of stable disease and minor responses that
did not meet the criteria for PR were not counted as objective responses. In cases where the
phase Il trial assessed one subtype of tumor (and the phase I trial enrolled a population with
more heterogeneous tumor types), tumor-specific phase | response data was extracted when
possible.

Finally, because a drug's clinical promise may not always be fully described by its objective
response rate, we also evaluated authors' subjective conclusions about phase Il efficacy. For
each phase Il study, the study conclusion was documented and categorized as positive or
negative, as illustrated by the example statements below: Positive: “May be efficacious”,
“Showed significant response with [a specific tumor type]”, “Further studies are warranted”.
Negative: “No/limited objective response”, “No effect”, “Did not meet pre-determined
criteria for clinical activity”, “Further study not warranted”. We also documented whether
trials were cooperative group-sponsored, industry-sponsored, or investigator-initiated.
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Literature review

The search process (Figure 1) yielded a total of 124 pediatric phase I trials published
between January 1, 1990 and December 31, 2012. These included 97 single-agent trials and
27 combinatorial or chemo-radiation trials. Of the 97 single-agent trials, 35 had published
phase Il studies that met matching criteria and were included in the final analysis. Of these
35 phase I trials, 2 were industry-sponsored, 19 were cooperative group-sponsored, and 14
were investigator-initiated.

Of the remaining 62 trials, 35 did not proceed to phase Il (due to toxicity and/or lack of
response), 14 proceeded to phase Il trials utilizing a combination regimen or a different
dosing schedule, 4 were phase I/l studies that only reported OR% for a single cohort, and 9
have phase Il trials ongoing but as of yet unpublished. Of the 35 trials that did not proceed to
phase |1, 3 were industry-sponsored, 23 were cooperative group-sponsored, and 9 were
investigator-initiated. 34 of these 35 trials reported response data: the overall response rate in
these 34 trials was 2.9% (25 of 848 evaluable children), and 24 of 34 trials had no objective
responses.

In total, 35 matched pairs of single-agent phase | and phase 11 trials were included in
analysis. Each pair of studies, the agent and dosing schedule under study, phase | OR%, and
phase 11 OR% are listed in Table 1. For most study pairs, both phase | and phase Il enrolled
patients with mixed solid tumors or hematologic malignancies. However, some phase 11
studies enrolled patients with only a specific tumor type. For these pairs, tumor-specific OR
% was extracted from phase I, as described in Table 1. Significant discrepancies between the
distribution of tumor types in phase | and phase |1 are also noted in the legend. Otherwise,
OR% is reported “as-published” in each trial.

Overall, these studies evaluated 34 unique agents, including 25 cytotoxic and 7 biologic
agents. 28 pairs of studies enrolled patients with solid or brain tumors, and 7 enrolled
patients with leukemia only. The phase | studies enrolled a total of 973 patients (median =
26 per study), of whom 840 (86%) were assessable for response. The phase 1l studies
enrolled a total of 2314 patients (median = 51 per study), of whom 2144 (93%) were
assessable for response.

Phase | and Phase Il Response Rates

In the 35 pairs of single-agent studies, the median objective response rate (OR%) in phase |
was 5.0% (mean = 13.2 + 22.1%), and 22 trials reported at least one OR. 79 ORs were
reported in total, for an overall phase | OR% of 9.4%. In phase I, the median OR% was also
5.0% (mean = 13.0 £ 21.0%), with 29 trials reporting at least one OR. 184 ORs were
reported in total, for an overall phase 11 OR% of 8.6%.

In Figure 2, each phase 11 study's OR% was plotted graphically against its corresponding
phase | study's OR%, revealing a positive correlation between phase | and phase Il objective
response rates. Without adjusting for different sample sizes among trials, the correlation
between the two OR% was 0.8525. After adjusting for different sample sizes, the correlation
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increased to 0.9269. If influential points (aka “outliers” — defined as those trials with OR in
Phase I and Il exceeding 0.7) are excluded, the calculated correlation is 0.8751 (see
Appendix for derivation).

Phase | Response Rate and Phase Il Efficacy

Out of 35 phase Il trials, 11 were categorized as having a “positive” conclusion (Figure 2,
solid circles) regarding drug efficacy, while the other 24 had a “negative” conclusion (Figure
2, open circles). Of the 11 “positive” trials, 1 was industry-sponsored, 4 were cooperative
group-sponsored, and 6 were investigator-initiated. Of the 24 “negative” trials, 2 were
industry-sponsored, 21 were cooperative group-sponsored, and 1 was investigator-initiated.
“Positive” phase Il trials had a median phase 11 OR% of 23.3% (mean = 34.2 + 27.5%),
while “negative” trials had a median phase 11 OR% of 3.0% (mean = 3.3 + 2.8%). More
interestingly, “positive” and “negative” phase Il trials also differed in the average OR% of
their respective phase | studies (mean = 32.0 + 31.4% vs. 4.5 £ 6.9%; median = 21.7% vs.
1.1%). This difference was statistically significant (p < 0.001) by Wilcoxon rank-sum test
for continuous, non-parametric outcomes. Among the 13 phase | studies reporting no
objective responses, only 1 of the corresponding phase Il studies had a “positive”
conclusion.[19] None of the phase Il studies demonstrated an OR% = 15%.

Lastly, for various cut-offs of phase | OR%, we tabulated the frequency at which the
corresponding phase Il OR% exceeded certain levels. These probabilities are shown in Table
2.

Discussion

In this study, we reviewed pairs of pediatric phase | and phase Il clinical trials for single
chemotherapy agents, in order to determine if phase | objective response rate (OR%)
correlated with phase 11 OR%, and with authors' conclusions regarding phase Il efficacy.

In 35 pairs of single-agent studies for which tumor response data was available, phase | OR
% and phase 11 OR% were well-correlated. Drugs rarely demonstrated a dramatically
different OR% in phase Il than they did in phase I. In only 2 pairs of studies (cladribine;
carboplatin) did phase | and phase Il OR% differ by 15% or more, and the evaluable sample
size in 3 of these studies was less than 25 children. [62-65]

Higher phase | OR% also correlated with greater probability of a positive phase Il outcome
for a particular drug or regimen, as rated by the study authors. Conversely, out of 17 agents
with phase | OR% < 5%, only 2 had phase Il trials with “positive” conclusions. In both
trials, efficacy was primarily demonstrated in one type or subtype of tumor (hu14.18-1L2
fusion protein for non-bulky neuroblastomas and vinorelbine for rhabdomyosarcoma, as
detailed in the legend of Table 1). [19,59] Enrichment for these tumor types in phase Il may
explain the discrepancy between low phase | OR% and promising phase Il showing.

These findings should be viewed in the context of several important caveats. First, due to the
nature of our analysis, we excluded 62 single-agent phase I trials that did not have a
matching, published phase Il trial. For 35 of these trials, the agents (and indications) under
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study have not proceeded to phase |1, ostensibly because they were already deemed to show
little promise of clinical efficacy. We also excluded 14 trials where a corresponding phase 11
trial with matching drug regimen could not be found (i.e. where the phase Il trial utilized a
combinatorial regimen or different dosing schedule). It should be noted that our analysis is
not meant to describe the full benefit derived by participants in pediatric oncology trials, as
we did not assess cases of stable disease, minor responses that did not meet standard criteria
for PR, or other positive outcomes (e.g. amelioration of symptoms and improved quality of
life).

The most important caveat to our findings is that we compared OR% in phase | and phase Il
— which enroll different study populations and assess response under different
circumstances. While we compared trials with matching study regimen and tumor type
(solid vs. brain vs. hematologic), for most trials (the exceptions are indicated in Table 1), we
did not attempt to control for more granular patient characteristics, such as the distribution
of tumor subtypes or number of previous regimens. Nevertheless, despite essentially
comparing phase | and phase Il OR% as-published from each study, we found that response
rates were well correlated.

Importantly, our analysis /s not meant to suggest that phase 1l trials are unnecessary or
redundant. Phase I trials are an efficient mechanism for assessment of a drug's efficacy
often across disease types. They can further assess preliminary response data from phase |
by evaluating tumor response at therapeutic doses, enriching for specific tumor types, and
combining new anti-cancer agents with established treatment options. In each of these
scenarios, phase Il trials may uncover promising findings that cannot be predicted from
phase | data.

Rather, what our analysis illustrates is that, more often than not, a drug's clinical promise
after phase Il does not depart significantly from the tumor response it elicits in phase I.
Given the explosion of targeted therapeutics, biologics, immunotherapies and others,
efficiency in the study of these agents is required. We documented 35 trials that did not
proceed to phase Il due to toxicity or lack of efficacy. However, we also identified 13 phase
Il trials (enrolling a total of 852 children) that were undertaken in the absence of any
objective response (0 OR%) in phase I. Only 1 of these (hu14.18-1L2, as discussed above)
was judged to have a “positive” phase Il conclusion.[19] These findings suggest that more
serious consideration of phase | efficacy data is warranted, in order to more efficiently
evaluate new drugs and minimize exposure of pediatric trial participants to “high-risk, low-
benefit” situations.

In conclusion, retrospective analysis of 35 pairs of single-agent, pediatric phase | and phase
Il trials demonstrated a significant correlation between phase | OR% for novel anti-cancer
drugs and their efficacy in phase 11. Although formal conclusions about efficacy cannot be
derived from phase I study, based on our analysis, we suggest greater consideration against
conducting phase 11 trials of drugs that show no or minimal objective response in phase I.
These findings, together with more detailed reporting of phase I clinical responses and
increased implementation of combined phase I/11 and Phase “Ib” trials, can improve the
efficiency with which pediatric anti-cancer agents are evaluated in the future.
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Figure 1.

Phase | Trials Published in Pediatric Oncology, 1990-2012. This flowchart illustrates the
results of our literature search, which found 124 published phase I trials from 1990 to 2012,
97 of which were single-agent trials. 35 of these trials (bolded) had published phase 11 trials
that met matching criteria and were ultimately included in analysis. The other trials were

excluded from analysis for the reasons listed above. OR% = objective response rate.
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Figure 2.

Phase 11 OR% vs. Phase | OR% (37 Study Pairs). Each circle represents one study pai.
Open circles denote pairs in which the phase 11 study authors reached a “negative”
conclusion about efficacy. Solid circles denote a “positive” conclusion about phase 11
efficacy. Vertical bar indicates phase | OR% = 0.15. Correlation between phase | OR% and
phase Il OR% is 0.8573 without adjustment for trial sample size, and 0.9269 with
adjustment for different sample sizes.
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