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Abstract 
In this paper, we present the design and implementation of a novel web portal for the 

cancer phase I clinical trial design method Escalation with Overdose Control (EWOC). 

The web portal has two major components: a web-based dose finding calculator; and a 

standalone and downloadable dose finding software which can be installed on Windows 

operating systems. The web-based dose finding calculator uses industry standards and is 

a database-driven and distributed computing platform for designing and conducting dose 

finding in cancer phase I clinical trials utilizing EWOC methodology. The web portal is 

developed using open source software: PHP, JQuery, R and OpenBUGS. It supports any 

standard browsers with internet connection. The web portal can be accessed at: 

http://biostatistics.csmc.edu. 

 

Key Words: EWOC, Bayesian method, cancer phase I clinical trial, maximum tolerated 

dose, open source 

 

 

1. Introduction 

 

Phase I clinical trials are the initial introduction of a new investigational drug into 

human subjects [1]. In this phase, the safety, tolerability, pharmacokinetics and 

pharmacodynamics of a drug will be first assessed on a small group of volunteers. 

In contrast to healthy volunteers used in other phase I trials, participants in cancer 

phase I clinical trials are patients at advanced cancer stages who consent to enroll 

in the trial as a last resort in seeking cure given the inherent toxicity of oncology 

drugs [2]. Thus, cancer phase I trials should be carefully designed to not only 

achieve therapeutic benefits by avoiding low, non-therapeutic doses, but also 

monitor the severity of side-effects via controlling toxic overdoses [3]. 

 

Escalation with Overdose Controls (EWOC) was the first dose-finding procedure 

to directly incorporate the ethical constraint of minimizing the chance of treating 

patients at unacceptably high doses.  Its defining property is that the expected 

proportion of patients treated at doses above the maximum tolerated dose (MTD) 

is equal to a specified value α, the feasibility bound. This value is selected by the 

clinician and reflects the estimated level of concern about overdosing. Zacks et al. 

[4] showed that among designs with this defining property, EWOC minimizes the 

average amount by which patients are underdosed. This means that EWOC 

approaches the MTD as rapidly as possible, while keeping the expected 
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proportion of patients overdosed less than the value α. Zacks et al. [4] also 

showed that, as a trial progresses, the dose sequence defined by EWOC 

approaches the MTD (i.e., the sequence of recommended doses converges in 

probability to the MTD). Eventually, all patients beyond a certain time would be 

treated at doses sufficiently close to the MTD. 

 

Babb and Rogatko [5] provide a summary of Bayesian phase I design methods 

and Tighiouart et al. [6] studied the performance of EWOC under a rich class of 

prior distributions for design parameters. Tighiouart and Rogatko [7] have 

demonstrated that EWOC is coherent.  Software implementations include EWOC 

1.0beta, published in 1988 by Rogatko and Babb, and EWOC 2.0 in 2005 by Xu, 

Tighiouart and Rogatko. In the past 14 years, EWOC has become a very 

successful tool to help clinicians design cancer phase I clinical trials. EWOC has 

been used to design phase I studies approved by the Research Review Committees 

and the Institute Review Boards of many institutions such as Fox Chase Cancer 

Center (Philadelphia, PA), Winship Cancer Institute (Atlanta, GA), and Samuel 

Oschin Comprehensive Cancer Institute (Los Angeles, CA).  

 

Here we present the design and implementation of a novel web portal using 

EWOC methodology for cancer phase I clinical trials. The web portal consists of 

two major components: a web-based online dose finding calculator and a 

standalone software. The standalone software version 3.1.3 was developed by 

Cook-Wiens, Tighiouart and Rogatko. End users can access the web page at 

http://biostatistics.csmc.edu/ewoc/ewoc-s.php using any standard web browser. 

After submitting registration information, the download process will 

automatically save the software on the user’s personal computer. The web-based 

online dose finding calculator is based on industry standards and is a database-

driven and distributed computing platform for designing and conducting dose 

finding in cancer phase I clinical trials utilizing EWOC methodology. The web 

portal is developed using open source software: PHP, JQuery, R and OpenBUGS. 

It supports any standard internet web browser and concurrent users. In order to 

use the web-based calculator, the user is required to create an account first at: 

http://biostatistics.csmc.edu/ewoc/register.php. After that, the user can login into 

the system to conduct dose finding. 

 

In this paper we will briefly introduce the methodology used in EWOC. Then the 

architecture and system workflow will be elaborated to display its full 

functionality. Then, we provide an example to demonstrate the usage of the web-

based online dose finding calculator. And in our concluding remarks we will also 

provide direction for future work. 

 

2. Methods 

 

The main purpose of a cancer phase I clinical trial is to determine the dose level 

of a new treatment regimen to be adopted in the next phase II clinical trials. It is 

generally assumed for cancer therapy that toxicity is a prerequisite for optimal 
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anti-tumour activity [8].  While the new treatment regimen may produce 

therapeutic benefits to patients, it may also have toxic reactions. Higher 

therapeutic outcomes can be achieved by increasing the dose which may result in 

a higher risk of severe toxicity to patients. Meanwhile, the use of low and non-

therapeutic dose levels should be minimized to prevent the occurrence of drug-

resistance in patients. Therefore, the goal is to determine the MTD, defined as the 

dose expected to cause certain level of medical unacceptable, dose limiting 

toxicity (DLT) in a specified proportion θ of patients [9]: 

 

                  Pr |ob DLT Dose MTD   .                                                        (1) 

In other words, a proportion θ of patients will show DLT if the population of 

patients is treated at MTD. Parameter θ is usually set between 0.1 and 0.5.  If the 

DLT is a transient, correctable or non-fatal condition, θ would be set relatively 

high, otherwise, set relatively low when it is lethal or life threatening [2].  

 

The key concept underlying EWOC is that one can select dose level for use in a 

phase I trial so that the predicted proportion of patients receiving a dose level 

above the MTD is equal to a specified value α, defined as the feasibility bound 

[2]:  

 

                
   kk DxMTDob |Pr

.                                                                  
(2) 

Here xk denotes the dose level for the k
th

 patient and Dk includes the information 

for dose, toxicity and any relevant covariates for the k
th

 patient and all previously 

treated patients. This important prior controls the predicted probability that the 

given dose for each patient exceeds the MTD is equal to α. The value of α can be 

gradually increased in the program. As the trial progress, the accrued knowledge 

of the target dose invokes the need of a relatively higher probability of exceeding 

target dose. 

 

2.1. Dose-Toxicity Model 

A two parameter logistic based model was considered as the dose-toxicity 

relationship in EWOC: 

 

                 0 1

0 1

exp( )
Pr { | }

1 exp( )

x
ob DLT Dose x

x

 

 


 

 
                                       (3) 

where 0  and 1  are the unknown location and scale parameters and x represents 

the dose level. The above location-scale family model is reparameterized in terms 

of the MTD γ and the probability of DLT at initial dose ρ0, parameters clinicians 

can easily interpret [3]. It can be shown [2] that the likelihood based on model (3) 

expressed in terms of γ and ρ0 is  
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    1:,...,1  iykmikS , and  km are the number of observations available 

at the time of treatment for the k
th

 patient. Xmin and Xmax stand for the minimum 

and maximum dose levels in the trial.  

 

2.2. Dose Escalation Method 

By combining prior information of γ, ρ0 and the likelihood of all the previous 

patients available, the joint posterior distribution of (γ, ρ0) will be obtained. 

Integrating out ρ0, the marginal posterior distribution of  the MTD will be 

available. 
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Where 
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(7) 

 

The dose to be allocated to the (k+1)
st
 patient is the dose level 1kx   that ensure  

1( ) ,k kx   where α is the feasibility bound. 

 

2.3. Estimation of the MTD 

At the conclusion of the trial, the estimate of the MTD is given by [3] 

             min, max

max

[ ]
min

ˆ arg inf ( , ) ( | )

X

l n
x X X

X

l x D d    


 
                                                     

(8)

 

where ( | )nx D  is the posterior density of the MTD given all the observed data 

from the phase I trial and l is an asymmetric loss function given by 
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3. Web Portal Development 

 

The web-based online dose finding calculator is based on standard three tier 

architecture (Figure 1). The front end is implemented in open source software 

PHP and JQuery. JQuery provides an excellent user input validation. The EWOC 

core algorithm is realized in open source software R and OpenBUGS. The 

middleware is also implemented in PHP to bridge front end interface with R 

implementation. The backend database is Oracle 11gR2. 

 

 
 

Figure 1. High level architecture of web-based online calculator 

 

The web-based online dose finding calculator is database-driven, client/server, 

multi-user based architecture. One new feature of this web-based online calculator 

is that each end user creates a password-protected account prior to use. After 

logging in into the web portal, the user can design and conduct dose finding with 

all results stored in the database. All results are retrievable by the user who 

created each project and task.  New projects can be started or previously stored 

ones can be resumed by the user at each login. Figure 2 shows the system 

workflow of the web-based online dose finding calculator.  

 

There are six database tables to store users’ profile, projects, tasks, subtasks, and 

parameter information. The ER diagram of the core tables of the system is 

displayed in Figure 3. 

Browser

Browser

Browser

End user

End user

End user

Firewall Web Server 

(Linux+Apache+PHP

+R+OpenBugs)

Firewall Database Server

(Oracle 11gR2)
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Figure 2. System workflow of web-based online calculator 

 

 
 

Figure 3. ER diagram of the core tables of the web portal 
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The web-based online calculator also provides many features such as calculating 

priors (mean, standard deviation, and parameters) and provides an open forum for 

discussion of technical issues. 

 

4. Dose Escalation Scheme Using Web-based Online Calculator 

In a prior study, a dose-escalation scheme using EWOC was conducted to design 

a phase I clinical trial that involves the R115777 drug at Fox Chase Cancer Center 

in Philadelphia, PA in 1999. We will use this study as an example to demonstrate 

the application of web-based online dose finding calculator. R115777 is a 

selective nonpeptidomimetic inhibitor of farnesyltransferase (FTase), one of 

several enzymes responsible for post-translational modification that is required 

for the function of p21(ras) and other proteins. It was a repeated-dose, single-

center trial designed to determine the MTD of R115777 in patients with advanced 

incurable cancer. NCIC Expanded Common Toxicity Criteria was used to assess 

toxicity in the trial.  Dose limiting toxicity (DLT) was defined by grade 3 

nonhematological toxicity (with the exception of alopecia or nausea/vomiting) or 

hematological grade 4 toxicity with a possible, probable or likely causal 

relationship to administration of R115777. Patient participation ended when the 

occurrence of tumor progression or DLT leading to permanent discontinuation 

was found. The minimum and maximum dose for this study was 60 mg/m
2
 and 

1000 mg/m
2
, respectively. The pilot study showed that five patients receiving 

each individual dose at 100, 150, 200, 250, or 300 mg/m
2
 had no toxicity 

observed. The probability of DLT at MTD was set as θ = 0.333 and the initial 

probability of a patient exciding the target dose as α = 0.3. The drug was supplied 

in 50 mg and 100 mg capsules, so the minimum dose increment was set as 50 

mg/m
2
. The tree of dose was extended to next five patients. Variable Alpha 

Increment was set as 0.05 so the feasibility bound α would increase by 0.05 for 

each patient until it reached 0.50, the upper limit for the probability of exceeding 

target dose. The default prior distribution for target dose is uniform distribution 

between 0 and θ which is 0.333 here.  

 

Once all parameters are entered in the web-portal based version of EWOC, the 

user can click the Submit button at the bottom of that page to execute the dose 

finding calculator. All parameters will be saved in a text file and sent to the 

Apache web server to invoke the EWOC core program. The computation results 

will be sent back to web browser for display. Figure 4 shows the screen shot of 

required parameters and Figure 5 shows the screen shot of optional parameters. 

The dose tree is displayed in Figure 6. 
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Figure 4. Screen shot of required parameters 

 

 

 
 

Figure 5. Screen shot of optional parameters 
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Figure 6. Dose tree of running example 

 

5. Conclusion 

 

In this paper, we present the design and implementation of a novel web-based 

online dose finding calculator for cancer phase I clinical trials based on the 

EWOC algorithm. The online calculator has a user-friendly web interface which 

can be accessed from any devices such as personal computer or other hand-held 

devices with standard web browsers. It supports concurrent multi-user access. The 
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running results are stored in the backend database which can be retrieved only by 

the user. The system is implemented in open source software such as PHP, 

JQuery, R and OpenBUGS which needs minimal investment and has widely 

available resources. Currently, only the core algorithm of EWOC has been 

implemented on the online calculator. In the future, several extensions of the 

EWOC method such as richer classes of priors, time-to-event and inclusion of 

covariates will be implemented and integrated into the current web portal. 
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