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a b s t r a c t 

Background: There is increasing use of Phase I statistical designs to find a dose that causes rapidly emerging 

and particularly concerning severe or life-threatening toxicities (dose-limiting toxicities, DLTs) in a speci- 

fied percent of patients most commonly 25%. While a convenient statistical framework, the foundation for 

selecting any specified target DLT rate, and its relevance to the recommended Phase II dose is generally 

lacking. Method: We surveyed 78 medical oncologists, most (69%) with experience as a principal investi- 

gator on a Phase I study, to ascertain their opinions related to this approach to Phase I studies and the 

targets often chosen. Results: Eighty-seven percent of respondents preferred severe toxicities in only 5%-10% 

of patients, consistent with 58% of respondents noting that 10% or fewer patients experience severe toxici- 

ties in the first cycle with standard outpatient treatments. The survey also documented in an example that 

the majority (62%) of physicians modify their patient selection during the conduct of the study based on 

observed toxicity and 78% note that higher toxicity is acceptable in patients where a cure is more likely. 

Conclusion: DLT-target rate designs search for a single target that is rarely well-supported in a patient pop- 

ulation that is not stable. The most common target used is inconsistent with the toxicity of most clinically 

used drugs and investigator preference and can lead to the pursuit of unacceptable doses. Use of Phase I 

✩ This work is supported in part by NCI grants UM1CA186717 , U01CA62505 , N01CM62209 . 
✩✩ Research reported in this publication included work performed in the Biostatistics and Mathematical Modeling Core 

supported by the National Cancer Institute of the National Institutes of Health under grant number P30CA033572. The 

content is solely the responsibility of the authors and does not necessarily represent the official views of the National 

Institutes of Health. 
★ Stephen Shibata, MD, Deceased, assisted with the concept and design of the survey. 
∗ Correspondence to: Paul H. Frankel, PhD, Division of Biostatistics, Department of Information Sciences, City of Hope, 

Duarte, CA 91010, USA. 

E-mail address: pfrankel@coh.org (P.H. Frankel). 

https://doi.org/10.1016/j.currproblcancer.2020.100583 

0147-0272/© 2020 Elsevier Inc. All rights reserved. 

https://doi.org/10.1016/j.currproblcancer.2020.100583
http://www.ScienceDirect.com/science/journal/01470272
http://www.elsevier.com/locate/cpcancer
http://crossmark.crossref.org/dialog/?doi=10.1016/j.currproblcancer.2020.100583&domain=pdf
https://doi.org/10.13039/100000054
mailto:pfrankel@coh.org
https://doi.org/10.1016/j.currproblcancer.2020.100583


2 P.H. Frankel, V. Chung and Y. Xing et al. / Current Problems in Cancer 44 (2020) 100583 

trial designs with a target DLT rate should be limited to settings with a well-justified target and should 

specify how the target relates to the recommended Phase II dose. 

© 2020 Elsevier Inc. All rights reserved. 
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Phase I cancer trials are designed to test a new drug or new combination of drugs in a pa-

ient population primarily to develop dosing guidelines for subsequent clinical trials. This is the

eading edge of cancer clinical trials—a first step in the clinical evaluation of a new treatment.

t is generally reserved for patients whose options are the fewest, in order to balance the risks

f unexpected severe or life-threatening toxicities with yet-to-be-demonstrated offsetting ther-

peutic benefit. As a result, most Phase I designs in oncology limit the number of patients at

isk for rapid and severe adverse events and limit the starting dose and dose increments. In this

etting, the most frequently used design over the last half a century allows dose escalation if 0

f 3 or at most 1 of 6 patients experience a particularly concerning severe adverse event or a

ife-threatening adverse event in the first cycle of therapy (called dose-limiting toxicities [DLTs])

nd requires de-escalation if 2 DLTs are encountered when 6 or fewer patients are treated. The

pecific definition of a DLT allows investigators to adjust to different clinical settings. This de-

ign, the 3 + 3 dose escalation design 

1 arrives by its rules at a dose denoted as the “Maximum

olerated Dose (MTD)” allowed per those rules. Simulations suggest that this design will select a

ose on average that has a chance of DLT in the range of 10%-20% assuming the escalation pro-

eeds until a DLT-level is reached. 1 , 2 This empirical 3 + 3 design, after extensive use over many

ecades, has evolved to become the tradition due to the fact it is simple, transparent, can be

ompleted in a timely fashion and is easy to implement and provides clinical experience to help

uide future doses and changes to the regimen and supportive care. It also limits risk to pa-

ients during escalation and is particularly popular for combination studies where the goal is

o achieve the single agent recommended doses when used in combination and where no DLTs

ould usually be welcome. 

More recent variations of the classical 3 + 3 design include allowing more than three patients

o be at risk for pediatric studies testing doses already established as safe in adult trials, al-

owing smaller cohorts, intrapatient dose escalation or larger increments in the absence of a

oderate toxicity signal, or by refining the rules to accommodate the queuing process. 3-5 In

ractice, these designs, when properly implemented, allow the principal investigator (PI), based

n their clinical judgement, to choose a more conservative action than the design recommends

just not a more aggressive action), such as not escalating if 3 of 3 patients have grade 2 rising

reatinine that does not, by rule, qualify as a DLT. Additionally, multiple protocol amendments

re expected from PIs as part of adapting to new information as experience is gained with the

ovel treatment (eg, modifications of the schedule, changes to premedications and supportive

are, changes to dose modification rules, and changes to monitoring tests). Formally, however,

onte Carlo simulations are used to evaluate the statistical properties of proposed Phase I de-

igns. When viewed through the rigid lens of simulation, assuming random patient selection

nd decisions restricted to the simple binary DLT call (yes or no), the rules for these 3 + 3-based

esigns described above have readily apparent weaknesses in terms of providing a wide range

f possible MTDs selected with associated wide ranges in DLT rates. 6 As a result, while staying

ithin the DLT yes/no paradigm, a new class of Phase I designs was introduced 

7 in 1990 that

roposes a very different and specific goal: To find the dose such that probability of a DLT at that

ose is a pre-set value (a target DLT rate). The resulting dose is defined as the MTD. 
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This represents a subtle but important change from the traditional concepts of limiting tox-

icity to “acceptable” levels based on tradition as we test ever higher doses. In the traditional

setting, not only are the Phase I patient risks limited, but the MTD will have at most 1 of 6

patients with a DLT (16.7%); we will accept limited observed toxicity, and discuss the chance

of inadvertently finding an MTD with a hidden true DLT rate that is too high, and would not

get flagged without an appropriate expansion cohort. In these newer designs, however, this is

replaced with the concept of a “target DLT rate” which needs to be prespecified and where the

dose associated with the DLT rate is denoted the MTD. A successful dose finding would then

find that the true DLT rate at the MTD is neither much lower nor much higher than the target

DLT rate. 

Framing dose finding based on a target DLT rate and providing a relevant technique provides

a potentially useful tool. However, the use of such a tool is not well discussed nor is the im-

portance of realistically defining the target DLT rate. The most commonly used target DLT rate is

25%, 8 which clinically means these designs aim for a dose where a quarter of the future patients

should experience a DLT—a rapidly emerging (eg, within 21 or 28 days) life-threatening adverse

event or a rapidly emerging and especially concerning severe adverse event. Unfortunately, there

is rarely a justification for this target or any specific target chosen. 

While we value the development of new methodologies to increase the design armamentar-

ium of cancer clinical scientists, we are concerned at the lack of discussion of what constitutes

an appropriate target DLT rate and especially with how this is related to the recommended Phase

II dose (RP2D). We conducted a survey of oncologists to ask a few simple questions that relate

to Phase I designs in general, and specifically relate to the challenge of selecting a target DLT

rate for this newer class of Phase I designs if considered as a primary candidate for the RP2D. 

Methods 

To facilitate this dialogue, medical oncologists at the California Cancer Consortium (CCC)

were surveyed using SurveyMonkey in March, 2009, with later expansion to NCI-registered re-

searchers at the National Comprehensive Cancer Network institutions. This survey was approved

by the City of Hope Institutional Review Board as an anonymized survey, and the 2 groups of

physicians had similar responses and are pooled in this report. 

The 5 questions included in this report are listed in Table 1 below. 
Table 1 

Five questions and possible responses 

(a) For a new cytotoxic agent (with nonhematologic toxicity) tested in a Phase II study on solid tumors, choose 

your preferred toxicity profile (not knowing the effect of dose on response): 

� Grade 1 (20%), Grade 2 (75%), Grade 3 (5%) 

� Grade 1 (5%), Grade 2 (85%), Grade 3 (10%) 

� Grade 1 (5%), Grade 2 (75%), Grade 3 (20%) 

� Grade 1 (10%), Grade 2 (85%), Grade 3 (5%) 

� Other (specify):___________________________________ 

(b) For standard outpatient treatment of first-line metastatic cancer patients, in your experience, estimate the 

frequency of grade 3 or higher nonhematological toxicity in the first course of therapy. 

� < 5% � 10% � 15% � 20% � 25% � 30% � above 30% � Other:_____ 

(c) If in a Phase I study, a novel agent had already demonstrated reversible grade 3 hematologic toxicity 

(non-DLT) in 3/3 patients, and the drug was just dose-escalated to the next level would this impact the profile of 

eligible patients you might recommend for this study? 

� No � Yes—somewhat or occasionally � Yes—usually 

(d) For patients with refractory metastatic disease where cure is unlikely, should chemotherapy dosing be less 

toxic than in patients where cure is more likely (eg, previously untreated disease, due to potential for conversion 

to a surgical candidate, etc)? 

� Yes � No � Other (specify):____________________________________________ 

(e) Does finding the dose where 20% of the patients experience a DLT represent your concept of the ideal dose to 

take to subsequent trials to evaluate anti-tumor activity? 

� Yes � Usually � Rarely � No 
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Fig. 1. Responses of 78 medical oncologists to 5 different questions. The specific question is listed above each pie chart, 

and the options for the respondent to choose from is provided on the right-hand side. 
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Seventy-eight (78) medical oncologists completed the questionnaire. We report on the 5 key

uestions, with the full survey and results for the medical oncologists available in the supple-

ent. The median practice experience of respondents was 15 years (range 2-45). Years of prac-

ice was not assessed on 24 respondents as this question was not included on the CCC question-

aire. Of the 78 medical oncologists, 54 had been a PI on a Phase I study. 

Only 5% of respondents preferred to see a 20% incidence of grade 3 toxicities for a cytotoxic

rug with nonhematologic toxicity moving into Phase II studies ( Fig. 1 A). More commonly (74%),

nvestigators preferred rare grade 3 toxicity (5%), and more frequent (75%-85%) grade 2 toxic-

ty and 87% preferred grade 3 toxicity in 10% or fewer patients. For drugs that are in use (see
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Fig. 1 B) we found that a majority (58%) of the physicians observe grade 3 or higher first-cycle

nonhematologic toxicity in only 5%-10% of patients. Fig. 1 C shows that 62% of the respondents

would modify patient selection based on patterns of toxicity in previously treated patients. In

Fig. 1 D, 78% of the respondents thought that the toxicity should relate to the likelihood of cure

(eg, converting a patient to be a surgical candidate). Finally question (e) asks in words “Is a 20%

chance of DLT at the MTD reasonable?” In Fig. 1 E, we see that 44% responded “Usually” and

11% “Yes,” while 31% responded “No,” and 14% “Rarely.” Of those that selected “Usually” or “Yes”

(N = 43) to that question, only 3 of 43 preferred a toxicity profile with a 20% frequency of grade

3 adverse events for a new cytotoxic drug with nonhematologic toxicity. Of the 4 of 78 total

respondents that preferred a 20% frequency of grade 3 adverse events, 3 of those 4 responded

“Usually” or “Yes” to the 20% DLT rate question ( Fig 1E ). 

Discussion 

The purpose of a Phase I trial is to determine the dosing of a new drug or new drug combi-

nation; in oncology this is often primarily based on toxicity and not activity. There is a dearth

of dialog regarding the method or rationale for choosing a specific target DLT rate when imple-

menting Phase I designs aiming for such a target. Oncologists, patients, and especially patients

who enroll in these Phase I trials in hopes of receiving a novel therapeutic to control their dis-

ease, should expect a well-discussed and well-considered rationale for the toxicity targets as

should those involved in the studies carrying the selected dose forward. To start to fill this void,

we conducted a nationwide survey of the National Comprehensive Cancer Network- and CCC-

affiliated oncologists using clinically familiar language to provide some insight for using toxicity

as a guide for dose finding and the limitations involved. 

The responses to our survey (eg, Fig 1 A and 1 B) align poorly with the target DLT rates used

in the model-based methods where 20%-30% target DLT rates are common. This is instructive for

the statistician and medical oncologist dialogue. The drift in patient selection noted in Fig. 1 C

has been noted in previous physician surveys 9 , 10 and unfortunately this selection bias calls into

question the existence of a stable population necessary to rigorously define the operating char-

acteristics of any Phase I design. Fig. 1 D also suggests that one target dose (one size fits all)

may not be sensible, a concept lacking from the Phase I statistical literature focused solely on

toxicity. 

Most Phase I medical oncologists found target DLT rates of 20%-25% too high to carry for-

ward, yet the model-based designs both use such targets or higher and often highly value the

number of patients treated at the MTD defined by such a target DLT rate. 11 In light of the survey,

valuing the percent of patients treated at the MTD is not necessarily a positive feature and can

(unpublished and personal communications) lead subsequent Phase II studies astray and cause

unnecessary human suffering and halt interest in a new agent. Even in the traditional designs,

physicians are careful to consider the possibility that the MTD may exceed the RP2D. Certainly

the MTD defined and selected by a more aggressive design will usually be above the RP2D, but

when the design focuses on finding the MTD based on a target DLT rate and seeks to enroll as

many patients as possible at the MTD or near, researchers may be more likely to mistake the

MTD for the RP2D. The RP2D selection is very complex, context specific, and depends on data far

beyond the simple DLT (yes/no) consideration. However, after several failed experiences of high-

dose chemotherapy in adult solid tumors and with the focus on targeted therapy, eagerness for

treating at an MTD with high probabilities of DLT has been decreasing. 12 If this trend changes

with chimeric antigen receptor T-cell therapy or other new therapies, or the specific clinical set-

ting dictates a more aggressive approach, Phase I designs, and goals need to appropriately and

thoughtfully adjust to the clinical setting. 

We note some limitations to the survey: (1) the survey is not a formally validated instru-

ment; (2) there was no cognitive testing separate from the multiple questions; (3) we have not

demonstrated that the respondents are representative of a larger population of PIs in medical

oncology; (4) more extensive and up-to-date surveys are certainly in order, especially as DLT
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arget-based designs have increased in popularity. New surveys of physicians may also want to

onsider more specific patient populations and specific therapies separately along with issues

urrounding the length of the DLT window; and (5) future surveys of investigators should also

e accompanied by patient surveys; as the intent is to move therapies developed in clinical trials

orward into practice, the patient perspective on what level of toxicity is “acceptable” is critical.

uture surveys also need to continue to evaluate the known influence of the wording of ques-

ions, 13 as the results in our survey ( Fig 1 A vs Fig 1 E) provide a striking contrast of the responses

f physicians to what appears to be the same question asked in a more clinically interpretable

anner. 

However, the issue is not just semantics. If the target DLT rate is supposed to determine the

uggested RP2D, these designs only trade one unknown (the recommended target DLT rate) for

nother unknown (the recommended dose). Asking the PI to divine the recommended target DLT

ate of the RP2D in a Phase I study is not a validated approach to dose finding. However, if the

arget DLT rate is interpreted to be the MTD better understood as the “maximum conceivable

ose,” the dose associated with the highest conceivably justifiable toxicity in case there is an

stonishing dose–response relationship—then these targets are easier to defend even though the

ethods will not, in general, provide a guide for the RP2D. 

The results of our survey highlight gaps between statistical models and clinical goals. Defin-

ng a desired dose in the context of Phase I studies by specifying the percent of future patients

hat we hope experience a severe or life-threatening adverse event in the first cycle (often 21 or

8 days) is an uncomfortable starting point. At the very least, in all Phase I trials that aim for a

arget DLT rate, the target DLT rate justification should be explicit in the protocol, and should be

ell-considered. There needs to be a justification for the 25% DLT rate commonly chosen when

o few drugs are in use where 25% of the patients experience such rapid and concerning adverse

eactions and often need to terminate treatment. It should also be clear and explicit if such a

efined MTD is unlikely to be the RP2D. 

We realize that some DLT-targeting designs are selected based on escalation/de-escalation

ules that are felt to be reasonable (which often means they resemble the 3 + 3), rather than

ecause a specific rate is felt to be the best choice. This may reflect the impact subtle differences

n rules can have on the likelihood of a higher dose being selected. In fact, the BOIN design 

14

ith a target DLT rate of 25% de-escalates with 1 DLT in 1, 2, or 3 patients, while the 3 + 3 does

ot, making the BOIN more conservative at that decision point. In many settings, this specific

ecision could be supported as an improvement over the 3 + 3 in light of modern therapies and

he survey results. However, the BOIN design with a 25% DLT rate target also escalates with 2

LTs out of 11 (18.2%) or 3 DLTs of 16 (18.8%) and does not de-escalate with 5 DLTs in 17 patients

29.4%), which is more aggressive. Ultimately, if a DLT-targeting rate design is employed when

he stated statistical target is not the clinical target, this represents a disconnect between the

tatistician and the PI, and is a signal for improved communication. 

Such detailed communication is also critical when considering the extent of the DLT win-

ow, and future surveys, as noted above, should better explore this topic. Specific therapies

ay require different windows, and this can complicate the design selection and determina-

ion of acceptable DLT rates. Even beyond the a priori DLT window, late or cumulative toxicities

ay indicate that the Recommended Phase 2 Dose should be lower than the first cycle de-

ermined MTD. This is even the case with “classical” chemotherapy agents, where cumulative

oxicities may mean that the “MTD” is not in fact tolerable. 15 Likewise, late-developing radiation

ide-effects are difficult to account for in a “reasonable” DLT window and the expanding use of

heckpoint inhibitors and other immune modulators present additional challenges as immune-

elated adverse events are often after the first cycle. These and other considerations prevent a

ne-size-fits all answer to the best approach for dose-finding, but increased communication can

nly improve our clinical trial designs and better protect patients in the process. 

Our survey, even with its limitations, provides the largest and most recent survey of Phase

 medical oncologists and provides an understanding that may help frame the discussion sur-

ounding the appropriate Phase I design and agreed upon goals for a given situation. 
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