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Abstract
PURPOSE—To safely assess new drugs, cancer patients in initial cohorts of phase I oncology
studies receive low drug doses. Doses are successively increased until the maximum tolerated dose
(MTD) is determined. Since traditional chemotherapy is often more effective near the MTD, ethical
concerns have been raised regarding administration of low drug doses to phase I patients. However,
a substantial portion of oncology trials now investigate targeted agents, which may have different
dose-response relationships than cytotoxic chemotherapies.

EXPERIMENTAL DESIGN—Twenty-four consecutive trials treating 683 patients between
10-01-2004 and 6-30-2008 at MD Anderson Cancer Center were analyzed. Patients were assigned
to a low-dose (≤25% MTD), medium-dose (25–75% MTD), or high-dose (≥75% MTD) group, and
groups were compared for response rate, time-to-treatment-failure, progression-free survival, overall
survival, and toxicity. To remove negatively biasing data from the high-dose group, in a second
analysis patients treated above the MTD were excluded (high-dose group = 75–100% MTD). 97.7%
of patients received targeted agents.

RESULTS—Even when excluding patients above the MTD, there was an early trend favoring the
low- versus high-dose group in time-to-treatment-failure, with 32.9% versus 25.2% of patients on
therapy at 3 months (p=0.08). Additionally, the low-dose group fared at least as well as the other
groups in all other outcomes, including response rate, progression-free survival, overall survival, and
toxicity.

CONCLUSIONS—These data may help alleviate concerns that patients who receive low drug doses
on contemporary phase I oncology trials fare worse, and suggest targeted agents may have different
dose-response relationships than cytotoxic chemotherapies.
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Statement of Translational Relevance
The data presented in this manuscript are immediately and directly translatable to the clinic. These data should alleviate ethical concerns
that patients who receive lower drug doses on contemporary phase I oncology trials fare worse than those at higher doses, and thereby
may impact the decision to use aggressive dose-escalation schemes in phase I studies. Additionally, the data suggest targeted agents may
have different dose-response relationships than cytotoxic chemotherapies, which may not only affect dose escalation schemes, but guide
translational studies of targeted agents.
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INTRODUCTION
Critical to the development of novel anti-cancer treatments is the study of new drugs and drug
combinations in clinical trials.(1) A new drug treatment’s optimal dose is usually determined
in a phase I clinical trial, and for traditional chemotherapy the optimal dose has generally been
considered to be near the drug’s maximum tolerated dose (MTD).(2) In a phase I trial, the MTD
is determined by employing a dose-escalation scheme, in which consecutively enrolled patient
cohorts receive increasing doses of study agent until unmanageable or unsafe side effects
emerge.(3,4) The highest tolerated dose defines the MTD. In contrast to phase I studies of other
drugs, in which participants are usually healthy volunteers, phase I trials of anti-neoplastic
agents are generally conducted in cancer patients due to the potentially toxic nature of some
anti-cancer drugs. These patients have usually progressed through standard treatments, but they
and their physicians often hope that there may be some clinical benefit from participating in a
phase I study.(5–9) For these reasons, phase I trials carry ethical concerns. Some critics argue
that patients in the low-dose cohorts of these dose-seeking studies receive suboptimal or even
placebo doses of medication compared to those treated closer to the MTD.(3,10–14)
Additionally, physicians may be reluctant to refer patients to studies with potentially ineffective
dose levels, and patients may be hesitant to participate in phase I trials for the same reason.
(8,15)

The paradigm of dosing cancer treatments at or near their MTD’s stems from early observations
of positively-sloped dose-response relationships with classic cytotoxic chemotherapies, which
showed increasing efficacy at higher doses.(2,16–19) Many of these early observations were
with agents that are indiscriminately cytotoxic, such as nucleoside analogues, and are not
surprising given that since malignant cells generally divide faster than non-malignant cells,
higher doses induce increased cell-kill through a kinetic mechanism.(20) However, many anti-
cancer drugs currently undergoing clinical investigation are not classically cytotoxic, but rather
are targeted agents that exploit some feature or pathway that is unique to or exaggerated in
cancer cells, such as a growth factor receptor, kinase, or angiogenesis pathway. For this reason,
and because of the ethical issues and patient and physician concerns noted above, we
investigated whether patients receiving lower drug doses in contemporary phase I oncology
trials are disadvantaged compared to patients receiving higher doses.

METHODS
Trial and Participant Inclusion and Data Collection

We evaluated 71 consecutive clinical trials enrolling 1420 participants between 10/01/2004
and 06/30/2008 in the Phase I Program at MD Anderson Cancer Center for eligibility in this
analysis. To be included, a trial had to be a dose-escalation study of systemic therapy that had
either reached a maximum tolerated dose (MTD), or in which at least one patient had received
treatment at the maximum planned dose. For all studies, MTD is defined as the dose-level
immediately below that dose which produced an unacceptable amount of dose-limiting
toxicities as predefined in each study. The most common precise definition in our studies was
the dose level below which at least one-third of patients had a dose-limiting toxicity. Twenty-
four trials with 683 participants met criteria. Trials that had not yet reached an MTD or
maximum planned dose (30 trials, 408 patients), were not dose-escalation studies (10 trials,
196 patients), were local-regional therapies (4 trials, 106 patients), and were not drug trials (3
trials, 27 patients) were excluded. Patients who started a study by 5/01/2008 were included,
and response data through 6/30/2008 are used in the analysis. The majority of trials were
multicenter (median = 2, range = 1–5), and MTD’s were determined based upon patient
responses from all sites. All patients in the analysis were treated at MD Anderson, since efficacy
data from other trial sites was limited.
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This study was conducted in accordance with our Institutional Review Board’s guidelines.
Data were obtained from the electronic patient record system and from standardized clinical
trial overview tables used by the department. These tables are maintained on a secure
institutional network as an abbreviated database for all trials performed in the department.

Treatment Dose
Doses administered on each trial were normalized as per the linear relationship [Dose
Percentile] = [(Administered Dose − Minimum Dose)/(Maximum Dose − Minimum Dose)] *
100%. For trials that reached an MTD, Maximum Dose = MTD. For trials in which the
maximum planned test dose was tolerated, Maximum Dose = the maximum planned dose. In
this way, values ≤ 100% represent doses at or below the MTD, and values > 100% represent
doses above the MTD. For trials with more than one agent, Dose Percentile is the arithmetic
average of the Dose Percentile calculated for each agent.

Dose Percentiles were used to assign patients to arbitrarily defined low (25%), medium (>25%
to <75%), and high (≥75%) dose groups. In this study, two analyses were performed: (i) all
patients are included (i.e., doses from 0% to >100%), and (ii) only patients treated at or below
the MTD are included (i.e., doses from 0–100%). In the latter, those receiving study drug above
the MTD were excluded to reduce negative bias against the high-dose group’s outcomes due
to increased toxicities.

Evaluation of Tumor Response to Treatment
Radiographic treatment responses were reported in each study. Using the World Health
Organization (WHO)(21) criteria and Response Evaluation Criteria in Solid Tumors
(RECIST),(22) responses were categorized as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD). CR is defined as tumor disappearance, PR as
reduction of at least 50% (WHO) or 30% (RECIST), SD as any response between PR and PD,
and PD as the appearance of new lesion(s) or increase by at least 25% (WHO) or 20%
(RECIST). While imaging study was required for categorization of response as CR, PR, or SD,
PD could additionally be assigned by a phase I physician for significantly worsening tumor-
related symptoms (for example, hemoptysis in patient with tumor involving bronchus).

Statistical Analysis
All statistical analyses were performed with our statistician (JJL). To compare differences in
baseline patient characteristics among dose groups, one-way analysis of variance was applied
for age and number of prior treatments; Pearson’s chi-squared test for sex, race, performance
status, and tumor type; and Kruskal-Wallis test for times from cancer diagnosis and end of last
treatment to start of phase I treatment.

Percentages of participants with (CR/PR/SD) or PD were calculated by simple division, as was
the percent of participants that came off study for toxicity (Figure 1). Estimates of time-to-
treatment failure, progression-free survival (PFS), and overall survival (OS) were calculated
by the Kaplan-Meier method(23) (Figures 2–4). Time-to-treatment failure and PFS differ as
follows. In time-to-treatment failure, participants are assigned non-censored end dates when
coming off study for any reason, and censored end dates only if on study on 6/01/2008. In PFS,
participants are assigned non-censored end dates only at the time of PD or death. If a participant
started a new treatment prior to PD or death, the first day of the new treatment is taken as a
censored end date given any subsequent effect can not necessarily be attributed to the original
treatment. As with time-to-treatment failure, when calculating PFS and OS patients are
assigned censored end dates if still on study on 6/01/2008. Given these differences, PFS
primarily captures the tumor response to therapy while time-to-treatment failure captures the
tumor response in addition to other reasons a treatment may “fail,” for example due to toxicities.
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p -values are calculated from Cox proportional hazards model, and p-values ≤ 0.05 are taken
to be significant. Two-sided p-values are calculated as the distribution function of the z-test
for the indicated comparisons (Figure 1). All statistical analyses were performed using R
version 2.8.0 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Trial and Participant Characteristics

We analyzed 24 phase I studies including 683 participants, with a median of 22 participants
per trial (range 11–68; Table 1). Most of the trials were of single agents (18 trials), while 5
combined 2 agents and one combined 3 agents. The median number of dose levels evaluated
was 5 (range 3–13). The trials tested agents that span a broad range of anti-tumor mechanisms
(Table 1), and at least one targeted or biological agent was part of the study regimen for 97.7%
of participants.

Baseline participant characteristics were equally distributed among the low- (n=170), medium-
(n=200), and high- (n=218 or 313 for excluding and not excluding patients treated over the
MTD, respectively) dose groups, with no statistically significant difference in any parameter
(Table 2). The mean age for all participants was 55.7 years, 55.2% were male, and 77.9% were
white. Approximately 94% had an Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1. Gastrointestinal malignancies were the most common, reflecting referral
patterns and disease prevalence. On average, participants had close to 6 prior treatments,
including 3.7 systemic therapies, 1.3 surgeries, and 0.6 radiation treatments. There was an
average of 2.0 months between finishing prior treatment and starting a phase I study agent, and
3.4 years between cancer diagnosis and starting a phase I study.

Treatment Outcomes
As described in Methods, two analyses were conducted: one including all participants (n =
683), and another excluding those at doses greater than the MTD (n = 588). Radiographic
responses and treatment induced toxicities are reported from 3–12 months after starting
treatment (Figure 1), given the first planned imaging on most studies occurred after two cycles
of treatment (cycles lasted on average 3–4 weeks).

In regard to favorable treatment outcomes, in each of the two analyses the percentage of patients
whose disease was stable or better (indicating controlled disease) and who remained on
treatment (indicating absent or tolerable side effects) was greater in the low-dose group than
in the medium- and high-dose groups at 90 days, albeit not statistically significant, and the
percentage remained statistically equivalent up to 1 year after starting therapy (Figure 1A). For
example, the percentage of patients with (CR/PR/SD) and who were still on therapy at 90 days
was 32.9% versus 25.2% for low-versus high-dose groups even when patients treated above
the MTD are excluded (p=0.08).

Regarding unfavorable outcomes, the percentage of patients who came off trial for toxicity
was lowest in the low-dose group and highest in the high-dose group at all time points, even
if patients treated above the MTD were excluded. For example, these percentages are 1.8%
versus 9.3% (p<0.01) at 3 months, and 2.4% versus 11.4% (p<0.01) at 12 months (Figure 1B).
When patients treated above the MTD were included, the particularly large percentage of
patients in the high-dose group who came off for toxicity (16.2% by 365 days) can be attributed
to the fact that this group contained 95 patients treated at doses above the MTD. Other than
toxicities, some patients came off study due to disease progression. Patients did not fail
treatment more often in the low-dose group than in the medium or high-dose groups (for
example, PD or toxicity at 3 months in 58.2% versus 65.9% of patients for low- versus high-
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dose group when those treated over the MTD are excluded, p=0.12; Figure 1C). A small
percentage of patients (~10% in each dose group; data not shown) came off study for non-
disease, non-treatment related reasons, such as co-morbidities and personal issues. In time-to-
treatment failure analysis, these patients are still considered failures at the time drug was
discontinued.

Time-to-treatment Failure, Progression-free Survival (PFS), Overall Survival (OS)
Time-to-treatment failure, PFS, and OS were estimated by the Kaplan-Meier method and were
found to be similar for low-, medium-, and high-dose groups in analysis of all participants and
in the analysis which excludes participants treated above the MTD. In fact, in no case does the
low-dose group have a less desirable outcome than the medium- or high-dose groups (Figures
2–4). For all participants, median time-to-treatment failure was 1.7 months (Figure 2) and
median PFS was 1.9 months (Figure 3). Median OS was 8.2 months for all participants (Figure
4), consistent with published data.(24) Of note is that upon restaging, a best response of SD,
PR, or CR was observed in 46.8% of patients (first restaging on most studies occurs after 2
cycles of treatment, with cycles lasting 3–4 weeks). SD for at least 6 months, PR, or CR was
observed in 11.9% of patients.

DISCUSSION
The practice of administering maximum tolerated drug doses to oncology patients originates
from studies of childhood leukemia. Preclinical studies demonstrated that drug dose was
proportional to the percentage of leukemic cells killed,(16) and the first clinical trial
demonstrating increased benefit with higher dose therapy was published more than four
decades ago.(17) While the practice of treating at or near the MTD has generally been
maintained, the practical mechanics of how that dose is determined, specifically in phase I
trials, is an issue of debate. Ethicists raise concerns over a large percentage of patients on phase
I oncology trials receiving study drugs at potentially sub-therapeutic doses until the vicinity of
the MTD is achieved.(10,12–14)

To address this concern, we evaluated dose-response outcomes of 683 participants in 24
contemporary phase I oncology studies (conducted between 2004–2008; Methods). We
included all consecutive studies in the specified time frame (Methods) to best capture the
outcomes of all-comers to contemporary phase I studies, as opposed for example to including
only single agent studies. Greater than 97% of study participants received at least one targeted
agent (Table 1). As such, our results may primarily be helpful in the context of evaluating trials
studying similar agents, given this study can not draw conclusions regarding relative outcomes
for patients receiving lower versus higher doses of classically cytotoxic chemotherapy. We
found that participants treated in low-dose cohorts of contemporary phase I studies are not
clinically disadvantaged compared to their higher-dose counterparts (Figures 1–4). This is
consistent with data from another analysis in a smaller group of patients.(25) Furthermore,
advantageous effects were observed for the low-dose group in regard to the percentage of
participants that came off trial for toxicity, even when patients treated above the MTD were
excluded (2.4% versus 11.4% for low versus high-dose at one year, p < 0.01; Figure 1B).
Consistent with this, one analysis of 149 phase I studies showed that trials with more aggressive
dose escalation schemes had greater toxicities while response rates remained similar.(26)

Regarding dose groups, they were arbitrarily set to reasonable ranges (low ≤ 25% of MTD,
medium = 25–75% of MTD, and high ≥ 75% of MTD; Methods). However, to further examine
the relationship, another analysis was performed. Comparison of participants treated (i) below
the MTD, n = 393, versus (ii) at the MTD (or maximum tested dose if no MTD was found),
n = 195, demonstrated no discernable downside to being treated at the lower doses in regard
to the described outcomes. For example, comparison of patients treated below the MTD versus
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those treated at the MTD (or maximum tested dose if no MTD was found) showed 29.0%
versus 23.1% of patients had (CR/PR/SD) and were on therapy at 3 months (p=0.12), and
13.0% versus 9.2% had (CR/PR/SD) and were on therapy at 6 months (p=0.16). Further studies
will be required to elucidate the basis for this observation, but it is possible that targeted agents
exert their effects in a relatively dose-independent manner, or that even the lowest doses in
contemporary phase I oncology studies are above a minimum threshold for impacting the target.

In evaluating the data, it is somewhat surprising that the low-dose group’s outcomes were as
favorable as the high-dose group’s given that the high-dose group is enriched with patients
more likely to respond to therapy. This enrichment exists because if a treatment shows
promising results in a patient(s) during a study’s dose-escalation phase, then the study may
allow for additional patients who have the same tumor type(s) as the one(s) who responded to
be enrolled at the MTD (or maximum tested dose). Fourteen of the 24 studies in this analysis
include patients treated in such MTD dose-expansion cohorts. The most likely explanation for
this surprising result may be that patients treated at the MTD - which is defined based upon
toxicities observed within the first three to four weeks of treatment - had more cumulative
toxicities with prolonged administration than those treated at lower doses, thus necessitating
their withdrawal. Additionally, while a higher dose can cause greater toxicity, it does not
necessarily result in greater efficacy; targeted agents may fully modulate their target or have
distinct activities at doses lower than the MTD. Such a precedent has been shown for decitabine,
an agent used to treat myelodysplastic syndrome, which is both better tolerated and more
effective at lower doses.(27–29) Collectively, these observations suggest that the issue of
optimum dosing of targeted therapies is complex, and that exploring doses lower than the MTD
may be worthwhile for some agents. Consistent with this notion, a discussion of the prudence
of the classic MTD approach in the era of targeted therapies is taking place. (30–32) Some
argue that too little is known to abandon historical approaches,(33) while others argue that
efforts should be made to guide treatment based on the minimal effective dose(34) or optimum
biological dose.(35,36)

Finally, while the aim of this study was to evaluate potential downsides to low-dose cohort
participants on phase I oncology studies, and not to evaluate the efficacy of phase I studies,
the latter point deserves some mention. Disease response rates seen in this analysis are
consistent with previously published results.(2,37–40) For example, Hortsmann, et al evaluated
460 phase I trials enrolling 11,935 participants from 1991–2002, of whom 10,402 (87.2%)
were evaluated for response.(39,41) A best response of CR or PR was observed in 10.6% of
participants, while an additional 34.1% had SD, for an overall “benefit rate” of 44.7%. In our
study, 622 of 683 participants (91.1%) were evaluated for response, while 8.9% came off study
for toxicities or for other reasons before a first assessment of disease response. Of participants
evaluated, 46.8% achieved a best response of CR, PR, or SD, which is similar to the Hortsmann
study. Additionally, in our study 11.9% of patients achieved CR, PR, or prolonged SD
(prolonged SD = stable disease for 6 months or greater).

The ethical issues surrounding phase I trials are complex, and may benefit from data gleaned
through investigational analyses. In this study, we evaluated a large cohort of patients
participating in contemporary phase I oncology trials of predominantly targeted agents. We
found no discernable downside to being treated in the low- versus the medium- or high-dose
groups. These data may help to alleviate concerns about a relative lack of benefit for patients
in low-dose cohorts of phase I trials, and support the notion that further investigation of targeted
agents may be required to fully understand their optimal dosing and potentially beneficial
effects.
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Figure 1.
Response to Treatment 3–12 Months After Starting Study. A. Percentage of patients with a
favorable response that stayed on study. B. Percentage off trial due to toxicity. C. Percentage
off trial due to progressive disease or toxicity.
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Figure 2.
Kaplan-Meier Estimate of Time-to-Treament Failure. Tic marks represent censored patients
(those still on study on June 30, 2008, the last date included in this analysis). p-values are for
low, medium, and indicated high-dose group. Inset shows 3-year data.
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Figure 3.
Kaplan-Meier Estimate of PFS. Tic marks represent patients who started another treatment
prior to disease progression or death, or who were on study on June 30, 2008. p-values are for
low, medium, and indicated high-dose group. Inset shows 3-year data.
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Figure 4.
Kaplan-Meier analysis of OS. Overall survival for up to 3 years after starting phase I study.
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Table 1

Characteristics of Trials Included for Analysis

Trial Target/Mechanism Class

Number of
Patients per

Trial (n = 683)

Number of
Patients

Treated above
MTD (n = 95)

Number of
Dose Levels

Tested

SINGLE AGENT

Angiopoetin inhibitor Biologic 17 0 4

Apoptosis Biologic 35 0 4

Aurora kinase inhibitor Small molecule 16 0 9

Cyclin dependent kinase inhibitor Small molecule 18 4 (22%) 5

Death receptor Biologic 23 0 5

DNA synthesis inhibitor Small molecule 16 0 4

EGFR/VEGFR inhibitor Small molecule 11 2 (18%) 6

Hypomethylating agent Small molecule 31 0 5

Insulin growth factor receptor Biologic 21 0 4

Mitotic inhibitor Small molecule 18 5 (28%) 8

Multikinase inhibitor Small molecule 11 2 (18%) 3

NF-kappa-B inhibitor Small molecule 21 3 (14%) 10

Ras inhibitor Small molecule 24 0 5

STAT-3 inhibitor Small molecule 24 0 5

Tyrosine kinase inhibitor Small molecule 49 15(31%) 13

Topoisomerase inhibitor Small molecule 14 0 5

Multiple mechanisms, apoptosis
inducer/antiangiogenic

Small molecule 40 8 (20%) 8

Multiple mechanisms, apoptosis
inhibitor/tubulin inhibitor

Small molecule 11 0 4

TWO AGENTS

Anti-angiogenic + proteosome
inhibitor

Biologic + small
molecule

54 0 9

Hypomethylting agent + HDAC
inhibitor

Small molecule 68 6 (10%) 7

Immune + multiple mechanisms
including Src inhibitor

Immune modulator +
small molecule

20 7 (35%) 5

Microtubule inhibitor + pro-
apoptotic

Small molecule 33 8 (24%) 7

Ras inhibitor + multikinase
inhibitor

Small molecule 58 14 (24%) 5

THREE AGENTS

Proteosome + DNA synthesis
inhibitors

Small molecule 50 21 (42%) 9

EGFR = epidermal growth factor receptor, HDAC = histone deacetylase, MTD = maximum tolerated dose, STAT-3 = signal transducer and activator
of transcription 3, VEGFR = vascular epithelial growth factor receptor
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