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1. Introduction

The modern era of oncology has seen an enormous increase in the number of therapeutic agents
being tested on cancer patients with a broad variety of mechanisms of action, indications and
rationale for their use. For an oncology drug to gain approval by the relevant government drug
authority such as the United States Food and Drugs Administration (FDA) or the European
Medicines Agency (EMA) it must demonstrate adequate safety and efficacy as well as have a
favourable risk-benefit profile. As a result, all new oncology drugs must go through a process
of investigation, usually beginning with pre-clinical laboratory and animal testing all the way
through to the required clinical trials. The average time taken for a new drug to progress
through clinical testing until the time it is approved is approximately 7.6 years [1]. The costs
of drug development are large, estimated at up to $1 billion per approved drug and ever-
increasing, placing an increasing burden on health care services [2, 3]. This has tremendous
impacts on the cost of health-care provision with novel anticancer drugs often coming with a
large price tag of more than $10,000 per month of treatment [4, 5]. Offsetting these costs are
the tremendous improvements in patient outcomes that have been made in recent times with
targeted therapies such as imatinib, trastuzumab and crizotinib to name just a few [6-8]. Patient
selection for early phase oncology trials is of utmost importance because of the cascading
effects it has on subsequent drug development and a drug’s ultimate success as a safe,
beneficial and cost-effective treatment.
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66 Drug Discovery and Development - From Molecules to Medicine

2. Oncology clinical trials — Background

New drugs are developed in a sequential and rationale manner from the moment of their
discovery in the pre-clinical phase through the various phases of clinical trials hopefully
leading to their ultimate approval and availability for patients.

2.1. Clinical trial phases

Drugs are developed through several phases of clinical trials with each phase designed to
answer specific questions and meet various endpoints (Figure 1). Each clinical trial phase can
take a variable period of time to complete depending on the treatment setting, particular
indication, trial drug and overall patient accrual rates. Each trial phase has specific challenges
although a detailed discussion with regards to phase Il and III trials is beyond the scope of this
chapter.

Phase I trials, including first-in-human (FIH) trials, focus on a small group of patients to
attempt to define the safety and tolerability of a particular treatment as well as the optimal
dose, usually called the maximum tolerated dose (MTD).

Phase II trials use the information garnered from the Phase I trial, particularly in terms of
appropriate dosing and sometimes with regards to patient selection, and a particular treatment
is investigated on a larger number of patients, often with more specific disease characteristics
than in Phase I patients. Increasingly so, phase II trials have multiple arms and the focus of
these trials is on demonstrating a signal for treatment efficacy and consolidating the early
safety data yielded from the phase I trial.

If a strong signal for the effectiveness of the trial treatment is obtained from the phase II trial,
an even larger phase III trial is then conducted. Phase III trials are designed to establish the
efficacy, or lack thereof, a trial treatment. As a result, a larger patient population is required
and the trial treatment is compared with an established standard-of-care treatment or placebo
if there is no standard treatment available to the particular patient group. Usually, it is the data
and results from this study that will be relied upon to gain drug approval.

2.2. Phase I clinical trials

The primary aim of a phase I oncology clinical trial is to identify the maximum-tolerated dose
(MTD) of a particular drug, defined as the dose level where greater than one-third of patients
treated experience a dose-limiting toxicity (DLT). This allows the identification of the optimal
and safe drug dose to take forward for further drug development — this is called the recom-
mended phase I dose (RP2D). For cytotoxic drugs, the RP2D is usually the highest dose that
can be delivered without exposing patients to unacceptable levels of toxicity. For targeted
drugs, the dose of the drug that causes a treatment response and clinical activity may be very
different to the MTD [9]. An important component of phase I trials is to provide patients with
a safe treatment at doses that are as close to therapeutic as possible. There are often multiple
secondary endpoints in phase I trials including the tolerability, response to treatment,
pharmacokinetics of the study drug(s) and pharmacodynamics.
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Figure 1. The standard pathway for oncology drug development, including the various clinical trial phases.

The aims of phase I oncology trials clearly impact significantly upon trial design. The intention
of phase I trial design is to minimise the number of patients exposed to either sub-therapeutic
drug doses or severe treatment-related toxicity. With phase I trial design there is a basic tension
between escalating drug doses too quickly, exposing more patients to toxicity, and escalating
too slowly, exposing patients to doses of treatment that are sub-therapeutic and ineffective
[10]. The design of phase I trials is therefore critical in order to minimise the risk of a negative
outcome for each individual patient and at the same time controlling the number of patients
required for trial enrolment in order to accomplish the aims of the trial.
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The traditional design incorporating the ‘3 + 3" method of dose escalation is still the most widely
used. This involves treating 3 patients at a time at each dose-level. The dose level should be
increased for each subsequent group of 3 patients until at least 1 dose limiting toxicity (DLT)
occurs in a group of 3 patients. If only 1 of 3 patients have a DLT, a further 3 patients are treated
at the same dose level. If 2 or more DLTs occur per dose level, the dose escalation is stopped
and occasionally a further 3 patients are treated at the dose level below. The highest dose level
(where <1 out of 6 patients had a DLT) below the maximally administered dose had a DLT is
considered the MTD and the RP2D. Dose levels are traditionally defined using a Fibonacci
dose escalation whereby dose is increased by increments of 100%,67%, 50%, 40% followed by
33% for all subsequent levels.

Novel designs include accelerated titration designs, continual reassessment method and
adaptive trial designs [11]. Accelerated titration phase I trial designs attempt to make phase I
trials more efficient and more accurate when determining the RP2D. A group of proposed
accelerated titration designs were developed by Simon and colleagues in 1997 [12]. The key
features of these designs are rapid dose escalation, intra-patient dose escalation and the ability
to analyse trials using a dose-toxicity model [11]. The most popular of these designs, ‘design
4, starts with an initial accelerated phase that doubles the dose at each dose level, comprising
of single patients. When the first DLT is experienced, the cohort for that particular dose level
is expanded to include 3 patients and subsequent to this, standard phase I dose escalation and
design is employed. This design also allows intra-patient dose escalation if a particular patient
has no toxicity at their current dose. By use of a simulated phase I trial, as presented by Simon
and colleagues in this paper, there was a significant reduction in the number of patients that
were treated at sub-therapeutic doses, without a significant increase in the proportion of
patients exposed to significant treatment toxicity. Other adaptive trial design methods exist,
including the continual reassessment method (CRM) introduced by O’Quigley and colleagues
in 1990 [13].

The potential benefits of novel designs are that fewer patients are treated with sub-therapeutic
or nontherapeutic doses however they do not seem to have the reduced the number of patients
that are enrolled onto trials. By adapting these novel trial designs, the most appropriate
recruitment structure can be used for the particular drug under investigation.

3. Patient selection for clinical trials

3.1. Estimation of prognosis in oncology

Selecting the appropriate patient for early phase clinical trials is a fundamental component of
any clinical trial design. A key component, in particular for phase I trials, but probably true
for all phases of drug development, is the assessment of an individual patients prognosis.
Many patients being considered for enrolment onto a phase I oncology trial have had pro-
gressive metastatic disease through all standard lines of treatment and often have a limited
life expectancy. Standard trial eligibility criteria have been designed largely with the intention
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of minimising the number of patients enrolled onto these studies that have a poor prognosis
and a greater potential for toxicity.

Estimating prognosis is inherently challenging for a clinician and estimates are often made
based on intuition and experience rather than in a scientific or an evidence-based manner.
Physicians” often make inaccurate estimates of a patient’s prognosis, usually by being opti-
mistic and overestimating survival. Various studies have shown that overestimation of the
prognosis of terminal patients can be up to 5 times longer than their actual survival, exempli-
tying just how difficult making these estimates are [14-16].

Routine trial eligibility criteria include good performance status, adequate organ function
(including haematological, kidney and liver etc.), and typically an anticipated life expectancy
of greater than 12 weeks. Performance status is most commonly assessed using the Eastern
Cooperative Oncology Group (ECOG) performance status score that is a score graded 0-5 [17].
It is a validated assessment of a patients ability to perform routine activities of daily living. A
performance status (PS) of 0 indicates that the patient is fully active, ambulant and able to carry
all activities without restriction whereas a PS of 5 is applied to a patient that is deceased. Most
trials would permit a patient with a PS of between 0 and 1 or 2 (partially restricted in physical
activity (PS=1) and unable to carry out work activities but remain ambulatory and self-caring
(PS = 2)). Another commonly used assessment score for performance status is the Karnofsky
Performance Status (KPS) score which has more specific gradations between 0% (dead) and
100% (asymptomatic without complaints) in 10% increments [18, 19].

Itis well documented that patients with a poorer performance status have an inferior prognosis
overall when using either the KPS or ECOG PS [20-23]. It has been shown that an ECOG PS of
3 indicates a prognosis of less than 3 months and a PS of 4 of less than 1 month.

A number of other factors can be used to predict the prognosis of oncology patients. For
example, the primary malignancy impacts greatly on the prediction of patient survival. For
instance, patients diagnosed with metastatic carcinoid tumours often survive for a number of
years compared to patients with metastatic pancreatic cancer who have a median overall
survival of less than 12 months even with the best treatment currently available [24, 25].
Various laboratory data has also been associated with a poor prognosis such as hypoalbumi-
naemia, raised inflammatory markers (including leukocytosis, raised C-reactive peptide
(CRP), lymphopenia and certain metabolic abnormalities such as hypercalcaemia [26, 27].

A number of tumour-specific prognostic scores have been developed to help stratify patients
into various treatments based on their risk. A good illustrative example of this is the Memorial
Sloan-Kettering Cancer Center (MSKCC) risk criteria for metastatic clear cell renal cell
carcinoma. These criteria, published by Motzer and colleagues in 1999, were developed with
five pre-treatment features that were associated with a shorter patient survival [28]. The five
prognostic factors were low performance status (KPS <80%), high serum lactate dehydrogen-
ase (>1.5 times upper limit of normal), low haemoglobin (< lower limit of normal), high
corrected serum calcium (>10 mg/dL) and absence of prior nephrectomy. Patients with three
or more risk factors were considered to be in a “poor risk’ category with a median survival time
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of 4 months compared to the ‘favorable-risk category containing patients with zero risk factors
and a median survival of 20 months.

A large number of molecular tests have been shown to have prognostic value in various
malignancies. Examples of molecular results that confer a poorer prognosis in advanced
cancers include BRAF mutations in colorectal cancer and melanoma, human epidermal growth
factor receptor 2 (HER2) positivity in breast cancer and phosphatidylinositol-3,4,5-triphos-
phate 3-phosphatatse (PTEN) deficiency in prostate cancer to name a few [29-32]. Interestingly,
recent developments in targeted therapies have led to the use of newer agents directed against
some of these molecular or genetic abnormalities, in some cases resulting in significant
improvements in prognosis and overcoming the negative prognostic implications of the result
in the first place.

In addition to various clinical, molecular and genetic factors, circulating tumour cells (CTCs)
can be used and have been shown to be prognostics in a variety of malignancies. CTCs are
shed from solid tumours in to the circulation. Recent improvements in technology has led to
a variety of laboratory methods that are able to effectively detect and isolate these CTCs which
are usually very rarely found in the circulation. The CellSearch System® (Janssen Diagnostics,
Inc) is the most frequently used and is the only FDA cleared device for measuring CTCs as an
aid for clinicians treating patients with prostate, breast and colon cancers. A series of key
studies conducted approximately 10 years ago showed that patients with higher levels of CTCs
in the circulation had a poorer prognosis. For example, patients with castrate refractory
prostate cancer and a CTC count lower than 5/ 7.5mL had a median overall survival of 21.7
months compared to patients with a CTC count greater than 5 that had a survival of 11.5
months [33]. Similar results were seen in patients with breast and colon cancer whereby a
particular cut-point of CTC counts could be used to clearly differentiate patients with a
favourable prognosis from those patients with an unfavourable prognosis [34, 35]. Although
there are currently limitations with the technology and its implementation into routine clinical
practice, this field is developing rapidly and will likely play a part in patient selection in the
future.

Overall, the prediction of a patient’s individual prognosis is challenging, complex and involves
a variety of factors related to their clinical situation, the characteristics of the cancer, the
molecular biology of the cancer as well as other factors including circulating tumour cells
(Figure 2).

3.2. Phase I patient selection criteria

A number of prognostic scores have been published in recent times with the aim of improving
patient selection for phase I clinical trials [36-40]. Probably the most important of these scores
and the only one that has been prospectively validated is the Royal Marsden Hospital (RMH)
score (see Table 1).

Arkenau and colleagues initially performed a retrospective analysis of 212 patients that were
enrolled onto phase I trials and reviewed their demographic data as well as anumber of clinical
and analytic variables [38]. Using a multivariate analysis model, three independent variables
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Figure 2. Factors impacting on optimal patient selection for phase I clinical trials in oncology.

were determined to be associated with a poor overall survival — an elevated lactate dehydro-
genase [LDH] (above the upper limit of normal [ULN]), low albumin (<35 g/L), and more than
two sites of metastases. Using these variables, a score was developed that could separate these
patients broadly into two groups, those patients with a good prognosis (RMH score 0 to 1) and
those with a poor prognosis (RMH score 2 to 3). This retrospective analysis subsequently led
to the prospective validation of this score in a separate publication by the same group. In this
validation study, 78 prospective patients that were treated within one of 19 phase I trials were
evaluated [36]. 95% of patients had an ECOG performance score of 0 to 1 and were mostly
treated with new biologic agents (68%) with a minority (32%) receiving cytotoxic-based
treatment. The patients had a broad range of malignancies with over 80% having gastrointes-
tinal, breast, gynecologic, sarcoma or urologic cancers. All patients were required to have
evidence of disease progression before study entry. Five patients had a partial response to their
treatment (7.5%) and fourteen (17.9%) achieved stable disease at three months as per the
Response Evaluation Criteria in Solid Tumours (RECIST). The median overall survival for the
entire study population was 27.1 weeks with an OS of 33.0 weeks for patients with a score of
0to 1, compared to an OS of 15.7 weeks with a score of 2 to 3 (P=0.036). These findings represent
the first prospectively validated prognostic score that might assist in the optimal selection of
patients for entry into phase I trials.
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The RMH prognostic score was further validated at the MD Anderson Cancer Center in their
Phase I trials patients [41]. They retrospectively reviewed 229 consecutive patients with lung,
pancreatic and head and neck tumours that were treated on 57 phase I trials. They applied the
RMH score to these patients and found that the patients with a good RMH prognostic score
had a longer median survival than those with a poor prognostic score (33.9 weeks vs 21.1
weeks, P<0.0001). The authors of this study therefore showed that the RMH prognostic score
can be accurately applied to patients treated at a separate institution across a range of malig-
nancies treated in a range of trials.

Stavraka and colleagues used a multivariate approach to attempt to identify variables that
predicted survival in patients referred to the phase I oncology unit at their institution to devise
the Hammersmith Score (HS) [37]. Analyses were carried out on 118 patients with 52 patients
(44%) treated in one of 7 phase I trials. Of these patients that actually entered a study, only 1
(2%) had a partial response and 15 (28%) had stable disease. The median OS in patients that
entered a study was 22 weeks compared to 11 weeks in those patients that did not enter a
study. The multivariate analysis identified four independent negative predictive factors for
OS — albumin <35 g/dL (P=0.01), LDH >450 IU/dL (P<0.001), sodium <135 mmol/dL (P=0.06)
and ECOG PS>2 (P=0.04). Based on three of these variables, excluding ECOG PS, a scoring
system was devised to stratify patients into either low-risk (HS score 0 to 1) or high-risk groups
(HS score 2-3). Patients in the low risk group had a median OS of 31.2 weeks compared to a
median OS of 8.9 weeks in the high-risk group (P<0.001).

Chau and colleagues from the Princess Margaret Hospital in Toronto, Canada, assessed 17
potential clinical characteristics in 233 patients enrolled in phase I trials to create their own risk
score — the Princess Margaret Hospital Index (PMHI) [39]. In their cohort of patients, the
median overall survival was 320 days, significantly longer than the 27 weeks reported by
Arkenau for the Royal Marsden group. In the multivariate analysis they found that high LDH
(p=0.001), > 2 metastatic sites (p=0.004) and ECOG PS>0 (p=0.05) were significantly associated
with OS. They found that 3 variables were associated with 90-day mortality — albumin
<385g/L (p=0.008), > 2 metastatic sites (p=0.02) and ECOG >1 (p=0.001). A single point was
assigned to each of these variables and patients with a PMHI score of 0-1 had lower 90-day
mortality rate compared to patients with a score of 2-3 (7% and 37% respectively).

A large, European, multicenter study was designed to generate and validate a prognostic
model for 90-day mortality which is a common eligibility criterion in phase I oncology trials
[42]. Data from 2,232 patients enrolled in phase I trials across 14 oncology units was evaluated.
The median overall survival was 38.6 weeks with a 90-day mortality rate of 16.5%. Two
prognostic models were derived using a variety of variables including ECOG performance
status, albumin, LDH, alkaline phosphatase, number of metastatic sites, lymphocytes, white
cell count and time per treatment index (TPTi). TPTi is a log ratio of the time interval between
diagnosis of advanced / metastatic and phase I trial entry over the number of lines of systemic
treatment. The most predictive combination of variables includes albumin, LDH with ECOG
PS or number of metastatic sites — similar to the RMH score. When compared to the RMH score
using receiving operator characteristic (ROC) curves, there were no statistically significant
differences seen. When the two models derived in this study (models A and B) were applied
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to patients with PS 0 to 1, patients with higher scores identified patients with OS of less than
11 weeks. When the RMH score was used to define the poorest risk group, their median OS
was 14.6 weeks. The prognostic score (derived from model B—“European score B’) was assessed
for its performance on a group of 200 patients that were eligible for phase I trials (PS 0-1) and
it reduced the 90-mortality by half and the total number of patients recruited by 20%. This
score performed almost identically to the RMH score when applied to the same population of
patients.

Along a similar but distinct line, prediction models have been devised to try to identify patients
at particularly high risk of drug toxicity. In one additional attempt to improve prediction of a
patients risk for serious drug-related toxicity (SDRT), a nomogram was developed by Hyman
and colleagues [43]. The data from 3,104 patients treated in 127 trials sponsored by the National
Cancer Institute Cancer Therapeutics Evaluation Program (CTEP) between 2000 and 2010 was
used for the derivation of a nomogram that could potentially estimate a patient’s risk for
developing serious toxicity. Data was from a large, prospectively maintained database. Trials
that were evaluating cytotoxic or molecularly targeted agents were included. Standard phase
I eligibility criteria were used to select appropriate patients. SDRT was defined as a grade >3
non-haematologic or grade > 4 haematologic toxicity attributed to study treatment which is
similar to the definition of a dose-limiting toxicity used by the majority of phase I trials. 728
patients (23.5%) experienced a SDRT and a total of 13 (0.4%) patients died as a result of drug
related toxicity. Several factors were found to be reliable (p<0.10) predictors of serious drug-
related toxicities in cycle one of trial treatment. Using a variety of statistical methods, a
nomogram was built incorporating ECOG PS, WBC, creatinine clearance, albumin, aspartate
transaminase (AST), number of study drugs and agent type (biologic or nonbiologic). This
nomogram was independently validated using an independent data set of 234 patients. The
authors concluded that by using their nomogram, improvements can be made in patient
selection for phase I trials, in particular by prospectively identifying patients at high risk for
drug toxicity.

There are anumber of older retrospective series published and in a systematic review, Ploquin
and colleagues summarised the published literature regarding prognostic models for life
expectancy of patients enrolled in phase I trials up till the end of 2009 [44]. Nine publications
were identified with all of them being retrospective analyses, except for the RMH score by
Arkenau and colleagues in 2009 as described previously [36, 45-51]. Most of these studies fairly
consistently identified that patients at greatest risk of death included those with a poorer
performance status and greatest tumour volume (for example: increased number of metastatic
sites, raised LDH). A consistent limitation of these studies, with one notable exception, is the
use of retrospective data almost all were from single centre series which limits the generaliz-
ability of these studies.

One of the standard inclusion criteria in clinical trials is a life expectancy of greater than 12
weeks so it would be interesting to see how these scores might apply for this particular
inclusion criterion. The RMH score shows that patients in the good prognosis group have a
survival of 33 weeks, exceeding this particular criteria but even the median survival of the
poor prognosis group exceeds the 12-week threshold (15.7 weeks). The patients in the high-
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risk group as defined by the HS, albeit retrospectively, had a survival shorter than 12 weeks
(8.9 weeks) so potentially patients that fall into this category can be excluded from phase I
trials.

With a number of scores now published it is unclear which of these is superior in predicting
patient survival and this would require a separate prospective trial to clarify this question. As
it currently stands, the RMH score is the only score that has been prospectively validated and
therefore has the strongest evidence supporting its use. This is reflected in its more widespread
use however further research is required to validate its utility in sites outside the Royal
Marsden Hospital and indeed across other countries and across a broad cross-section of patient

populations.
Prospective Overall Survival
Score Parameters P-value HR
validation (weeks)
Royal Marsden
LDH (>ULN) =1
Hospital Score ) Score 0-1: 33.0
Yes Albumin (<35 g/L)=1 0.036 14
[36] Score 2-3: 15.7
> 2 sites of metastases =1
Arkenau 2008
Hammersmith LDH >450 IU/dL =1
Score 0-1: 31.2
Score [37] No Albumin <35 g/dL =1 <0.001
Score 2-3: 8.9
Stavraka 2014 Sodium <135 mmol/dL =1
Princess Margaret
High LDH
Hospital Index
No >2 metastatic sites
[39]
ECOG PS>0
Chau 2011
Score 0: 141 -
Albumin <35 g/dL =1
Score 1: 61 2.00
LDH (>ULN) =1
Score 2: 54 2.54
European Model B > 3 sites of metastases =1
Score 3: 37 0.036 (log- 3.24
[42] No Low TPTi (<24 weeks/treatment) = 1
Score 4: 29 rank) 4.57
Olmos 2012 Increased ALP (>ULN) =1
Low1 hoevt L (<18%) = 1 Score 5: 21 6.20
ow lymphocyte count (<18%) =
ymphocy Score 6: 11 14.1
High WBC (>10,500/uL)
Score 7: 10 14.1

Abbreviations: LDH = lactate dehydrogenase; PS = performance status; TPTi = time per treatment index, a log ratio of
the time interval between diagnosis of advanced / metastatic and phase I trial entry over the number of lines of system-
ic treatment; ULN = upper limit of normal; WBC = white blood cell count

Table 1. Key publications of prognostic scores for phase I oncology trial patients.
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4. Challenges

4.1. Impact of novel agents — Targeted therapies

Conducting phase I oncology trials has anumber of inherent challenges. Traditionally, patients
enrolled into these trials have exhausted all prior standard available therapies and by virtue
of them having an incurable malignancy and very limited future treatment options, have a
shortened life expectancy. There has therefore existed a paradoxical situation whereby the
ideal patient has an advanced and often heavily pre-treated cancer but requires a prognosis
that is suitable for the exposure of a novel investigational drug. The landscape in this field has
shifted over recent years with phase I trials increasingly investigating targeted, biological
agents as opposed to cytotoxic agents. The result of this change is that patients are being
enrolled into phase I trials earlier in their disease course, including in the first line setting. The
implications of these changes in practice will in some ways make the task of predicting a
patient’s prognosis slightly more straightforward as they are earlier in their disease course.
On the other hand, predicting the prognosis of treatment-naive patients might be more
unpredictable as the natural history of their cancer has not been allowed enough time to be
established.

Further complicating the situation is the advent of targeted agents that have rapid and
significant responses. Examples of this include crizotinib in ALK-rearranged metastatic lung
adenocarcinoma, vemurafenib in metastatic melanoma harbouring BRAF V600 mutations,
EGEFR inhibitors such as gefitinib and erlotinib in EGFR mutated lung cancer and idelalisib, a
PI3K-delta inhibitor, for indolent lymphomas [7, 52-54]. These new agents increasingly have
biomarkers that strongly predict for a response to treatment that can be quite rapid. The
presence of these predictive biomarkers might mean that patient selection could potentially
be relaxed because of the higher likelihood of a response. An illustrative example of this is the
use of EGFR inhibitors in non-small-cell lung cancer. In the initial, large phase III trial of
erlotinib, an EGFR inhibitor, compared to placebo in previously treated metastatic non-small-
cell lung cancer, an unselected group of patients were treated [55]. The objective response rate
in the erlotinib group was only 8.9% although it did result in an improved overall survival in
this group of patients. This was an important trial but it certainly did not represent a large step
forward for this group of patients. At the same time as these EGFR inhibitors were being
developed, it was becoming apparent that the presence of an EGFR mutation, either a base-
pair deletion at exon 19 or a point mutation at exon 21 (L858R) predicted for a good response
to these targeted agents [56]. Mok and colleagues subsequently published a trial comparing
another EGFR inhibitor, gefitinib, to chemotherapy in patients with metastatic adenocarcino-
ma [54]. In this trial, patients found to be harbouring an EGFR mutation had a 71% response
rate to gefitinib, far higher than the 8.9% response rate seen in an unselected group of patients.

The advent of these targeted agents and their improved response rates and often improved
safety profiles means that the traditional paradigm of patient selection will need be adapted
and should evolve with this change in therapeutic agents. A potential consequence of more
clearly defining the patient selection criteria for phase I trials is that the criteria could become
too selective. If patients that are entered onto phase I trials are ‘super-selected” for the best
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prognostic population, the toxicity that would be seen might not be entirely reflective of the
general population. This might mean that the resulting maximum tolerated dose (MTD) and
therefore the recommended phase II dose (RP2D) of the trial drugs would be too high and
would potentially create more drug toxicity in the phase Il and phase III patients. As we have
expressed previously, the cascading effects of an increased rate of drug toxicity due to overly
aggressive calculation of MTD could impact on drug development and trial costs and could
ultimately have a bearing on the success or failure of that drug [57].

4.2. Impact of novel agents — Immunotherapies

Another major advance in the treatment of advanced malignancies has been the development
of so-called ‘immune-checkpoint inhibitors’. Modern immunotherapy agents include CTLA-4
inhibitors such as ipilimumab and tremelimumab which block the CTLA-4 molecule which is
important for down-regulating T-cell activation, thereby enhancing immune activation.
Inhibition of the programmed cell death 1 (PD-1) receptor and its primary ligand (PD-L1) with
an ever growing number of drugs such as nivolumab, lambrolizumab and pembrolizumab
improves the anti-tumour T-cell immune response in a more specific mode of action than
CTLA-4 inhibitors. This class of compounds have provided significant improvements in
patient outcomes with gains being made in tumour responses and most importantly in patient
survival in a broad range of malignancies such as melanoma, renal cell carcinoma and lung
cancer amongst others [58-60].

These immunotherapies, in particular the PD-1 and PD-L1 inhibitors, seem to be largely well
tolerated, particularly when compared to chemotherapy, and can induce deep tumour
responses that are durable [61]. From the initial trials of these agents there appear to be a
significant minority of patients that have very prolonged durations of response, far greater
than would otherwise be expected with ‘traditional” treatments or previous standards of care.
For example, patients with metastatic melanoma that were treated with Ipilimumab, a CTLA-4
inhibitor, of the approximately 10% of patients that achieved a response to treatment, many
of these continued to have a response more than 12-24 months (median 19.3 months) after
treatment was commenced. This is in sharp contradistinction to the patients treated in the
‘standard” therapy arm with chemotherapy (dacarbazine) where the median duration of
response was 8.1 months [62]. It is not entirely clear how the above patient selection such as
the RMH and PMH scores would perform for this class of agents and whether they are
applicable. Further research is required to determine the applicability of the phase I prognostic
scores to patients enrolled onto trials using these immunotherapies.

5. Future of trial design

With the enormous number of novel therapeutic agents being developed and studied in phase
I trials, the future for oncology patients seems bright. With the new immunotherapies,
including combination therapies, the concept of curing patients with advanced malignancies
has even been considered [61]. Adapting trial eligibility criteria and optimising patient
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selection is vital for the future of a safe and cost-effective drug development process. It is clear
that determining the appropriateness of a particular patient for a particular phase I trial is more
complex than applying a variety of scores or nomograms. When studying treatments that are
personalised for a particular tumour or biomarker or even a mutation it is also important to
individualise patient selection. The tendency and temptation is have an easily generalisable
patient selection criteria because of its simplicity and reproducibility. The reality is that the
behaviour of malignancies differ not only between organ of origin (for example prostate cancer
compared to pancreatic cancer) but also within the same cancer type based on its phenotype
(for example oestrogen receptor positive breast cancer compared with oestrogen / progester-
one / HER-2 negative breast cancer) or genotype (for example BRAF mutated compared to
BRAF wild type melanoma).

Given the complexity of patient selection described above, patients should be rationally
selected with consideration given to tumour characteristics, patient factors as well as the
investigational agents being assessed. Importantly, a degree of flexibility is essential when
designing phase I trials for unselected populations to allow for the often extensive inter-patient
and inter-tumour variability. The best way forward for optimizing patient selection is to
rapidly adapt, in an evidence-based way, to the ever-evolving drug classes being developed
as well as the ongoing financial pressures of drug development and not least of all patient
expectations and the need for ongoing patient safety.

Author details

Mark Voskoboynik'? and Hendrik-Tobias Arkenau'?

*Address all correspondence to: tobias.arkenau@hcahealthcare.co.uk
1 Sarah Cannon Research Institute UK, London, UK

2 Department of Medical Oncology, Guy’s Hospital, London, UK

3 University College London, London, UK

References

[1] Kaitin KI, DiMasi JA. Pharmaceutical innovation in the 21st century: new drug ap-
provals in the first decade, 2000-2009. Clinical pharmacology and therapeutics.
2011;89(2):183-8. Epub 2010/12/31.

[2] Kantarjian HM, Fojo T, Mathisen M, Zwelling LA. Cancer drugs in the United States:
Justum Pretium--the just price. ] Clin Oncol. 2013;31(28):3600-4. Epub 2013/05/08.

77



78 Drug Discovery and Development - From Molecules to Medicine

[3]

[4]

[7]

(9]

[10]

[11]

[12]

[13]

[14]

Goozner M. The $800 million pill: The truth behind the cost of new drugs: Univ of
California Press; 2004.

Smith TJ, Hillner BE. Bending the cost curve in cancer care. N Engl ] Med.
2011;364(21):2060-5. Epub 2011/05/27.

Fojo T, Grady C. How much is life worth: cetuximab, non-small cell lung cancer, and
the $440 billion question. ] Natl Cancer Inst. 2009;101(15):1044-8. Epub 2009/07/01.

Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD, Eisenberg B, Roberts
PJ, et al. Efficacy and safety of imatinib mesylate in advanced gastrointestinal stro-
mal tumors. N Engl ] Med. 2002;347(7):472-80. Epub 2002/08/16.

Shaw AT, Kim DW, Nakagawa K, Seto T, Crino L, Ahn M]J, et al. Crizotinib versus
chemotherapy in advanced ALK-positive lung cancer. N Engl ] Med. 2013;368(25):
2385-94. Epub 2013/06/04.

Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch M, Smith I, et
al. Trastuzumab after adjuvant chemotherapy in HER2-positive breast cancer. N
Engl ] Med. 2005;353(16):1659-72. Epub 2005/10/21.

Postel-Vinay S, Arkenau HT, Olmos D, Ang ], Barriuso J, Ashley S, et al. Clinical ben-
efit in Phase-I trials of novel molecularly targeted agents: does dose matter? Br ] Can-
cer. 2009;100(9):1373-8. Epub 2009/04/30.

LoRusso PM, Boerner SA, Seymour L. An overview of the optimal planning, design,
and conduct of phase I studies of new therapeutics. Clin Cancer Res. 2010;16(6):
1710-8. Epub 2010/03/11.

Ivy SP, Siu LL, Garrett-Mayer E, Rubinstein L. Approaches to phase 1 clinical trial
design focused on safety, efficiency, and selected patient populations: a report from
the clinical trial design task force of the national cancer institute investigational drug
steering committee. Clin Cancer Res. 2010;16(6):1726-36. Epub 2010/03/11.

Simon R, Freidlin B, Rubinstein L, Arbuck SG, Collins J, Christian MC. Accelerated
titration designs for phase I clinical trials in oncology. ] Natl Cancer Inst. 1997;89(15):
1138-47. Epub 1997/08/06.

O'Quigley J, Pepe M, Fisher L. Continual reassessment method: a practical design for
phase 1 clinical trials in cancer. Biometrics. 1990;46(1):33-48. Epub 1990/03/01.

Christakis NA, Lamont EB. Extent and determinants of error in doctors' prognoses in
terminally ill patients: prospective cohort study. BMJ. 2000;320(7233):469-72. Epub
2000/03/04.

Vigano A, Dorgan M, Bruera E, Suarez-Almazor ME. The relative accuracy of the
clinical estimation of the duration of life for patients with end of life cancer. Cancer.
1999;86(1):170-6. Epub 1999/07/03.



[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

Challenges of Patient Selection for Phase | Oncology Trials
http://dx.doi.org/10.5772/59712

Glare P, Virik K, Jones M, Hudson M, Eychmuller S, Simes J, et al. A systematic re-
view of physicians' survival predictions in terminally ill cancer patients. BM]J.
2003;327(7408):195-8. Epub 2003/07/26.

Oken MM, Creech RH, Tormey DC, Horton ], Davis TE, McFadden ET, et al. Toxicity
and response criteria of the Eastern Cooperative Oncology Group. American journal
of clinical oncology. 1982;5(6):649-55. Epub 1982/12/01.

Karnofsky D, Burchenal J. The clinical evaluation of chemotherapeutic agents in can-
cer. In: Evaluation of chemotherapeutic agents.. New York Columbia University
Press; 1949.

Schag CC, Heinrich RL, Ganz PA. Karnofsky performance status revisited: reliability,
validity, and guidelines. ] Clin Oncol. 1984;2(3):187-93. Epub 1984/03/01.

Yates JW, Chalmer B, McKegney FP. Evaluation of patients with advanced cancer us-
ing the Karnofsky performance status. Cancer. 1980;45(8):2220-4. Epub 1980/04/15.

Mor V, Laliberte L, Morris JN, Wiemann M. The Karnofsky Performance Status Scale.
An examination of its reliability and validity in a research setting. Cancer. 1984;53(9):
2002-7. Epub 1984/05/01.

Reuben DB, Mor V, Hiris J. Clinical symptoms and length of survival in patients with
terminal cancer. Archives of internal medicine. 1988;148(7):1586-91. Epub 1988/07/01.

Miller R]. Predicting survival in the advanced cancer patient. Henry Ford Hospital
medical journal. 1991;39(2):81-4. Epub 1991/01/01.

Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y, et al. FOL-
FIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl ] Med.
2011;364(19):1817-25. Epub 2011/05/13.

Zuetenhorst JM, Taal BG. Metastatic carcinoid tumors: a clinical review. The oncolo-
gist. 2005;10(2):123-31. Epub 2005/02/15.

Ralston SH, Gallacher SJ, Patel U, Campbell ], Boyle IT. Cancer-associated hypercal-
cemia: morbidity and mortality. Clinical experience in 126 treated patients. Annals of
internal medicine. 1990;112(7):499-504. Epub 1990/04/01.

Al Murri AM, Bartlett JM, Canney PA, Doughty JC, Wilson C, McMillan DC. Evalua-
tion of an inflammation-based prognostic score (GPS) in patients with metastatic
breast cancer. Br ] Cancer. 2006,94(2):227-30. Epub 2006/01/13.

Motzer R], Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J. Survival and
prognostic stratification of 670 patients with advanced renal cell carcinoma. J Clin
Oncol. 1999;17(8):2530-40. Epub 1999/11/24.

Richman SD, Seymour MT, Chambers P, Elliott F, Daly CL, Meade AM, et al. KRAS
and BRAF mutations in advanced colorectal cancer are associated with poor progno-

79



80 Drug Discovery and Development - From Molecules to Medicine

[31]

[32]

[34]

[35]

[36]

[37]

[39]

[40]

sis but do not preclude benefit from oxaliplatin or irinotecan: results from the MRC
FOCUS trial. ] Clin Oncol. 2009;27(35):5931-7. Epub 2009/11/04.

Long GV, Menzies AM, Nagrial AM, Haydu LE, Hamilton AL, Mann G]J, et al. Prog-
nostic and clinicopathologic associations of oncogenic BRAF in metastatic melanoma.
J Clin Oncol. 2011;29(10):1239-46. Epub 2011/02/24.

Slamon DJ, Clark GM, Wong SG, Levin W], Ullrich A, McGuire WL. Human breast
cancer: correlation of relapse and survival with amplification of the HER-2/neu onco-
gene. Science. 1987;235(4785):177-82. Epub 1987/01/09.

McMenamin ME, Soung P, Perera S, Kaplan I, Loda M, Sellers WR. Loss of PTEN ex-
pression in paraffin-embedded primary prostate cancer correlates with high Gleason
score and advanced stage. Cancer Res. 1999;59(17):4291-6. Epub 1999/09/15.

de Bono JS, Scher HI, Montgomery RB, Parker C, Miller MC, Tissing H, et al. Circu-
lating tumor cells predict survival benefit from treatment in metastatic castration-re-
sistant prostate cancer. Clin Cancer Res. 2008;14(19):6302-9. Epub 2008/10/03.

Cristofanilli M, Hayes DF, Budd GT, Ellis MJ, Stopeck A, Reuben JM, et al. Circulat-
ing tumor cells: a novel prognostic factor for newly diagnosed metastatic breast can-
cer. ] Clin Oncol. 2005;23(7):1420-30. Epub 2005/03/01.

Cohen SJ, Punt CJ, Iannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al. Relation-
ship of circulating tumor cells to tumor response, progression-free survival, and

overall survival in patients with metastatic colorectal cancer. ] Clin Oncol.
2008;26(19):3213-21. Epub 2008/07/02.

Arkenau HT, Barriuso ], Olmos D, Ang JE, de Bono J, Judson |, et al. Prospective vali-
dation of a prognostic score to improve patient selection for oncology phase I trials. |
Clin Oncol. 2009;27(16):2692-6. Epub 2009/04/01.

Stavraka C, Pinato DJ, Turnbull SJ, Flynn M]J, Forster MD, O'Cathail SM, et al. Devel-
oping an objective marker to optimize patient selection and predict survival benefit
in early-phase cancer trials. Cancer. 2014;120(2):262-70. Epub 2014/01/09.

Arkenau HT, Olmos D, Ang JE, de Bono J, Judson I, Kaye S. Clinical outcome and
prognostic factors for patients treated within the context of a phase I study: the Royal
Marsden Hospital experience. Br ] Cancer. 2008;98(6):1029-33. Epub 2008/03/20.

Chau NG, Florescu A, Chan KK, Wang L, Chen EX, Bedard P, et al. Early mortality
and overall survival in oncology phase I trial participants: can we improve patient
selection? BMC cancer. 2011;11:426. Epub 2011/10/07.

Fussenich LM, Desar IM, Peters ME, Teerenstra S, van der Graaf WT, Timmer-Bonte
JN, et al. A new, simple and objective prognostic score for phase I cancer patients.
Eur J Cancer. 2011;47(8):1152-60. Epub 2011/03/01.

Garrido-Laguna I, Janku F, Vaklavas C, Falchook GS, Fu S, Hong DS, et al. Validation
of the Royal Marsden Hospital prognostic score in patients treated in the Phase I



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Challenges of Patient Selection for Phase | Oncology Trials
http://dx.doi.org/10.5772/59712

Clinical Trials Program at the MD Anderson Cancer Center. Cancer. 2012;118(5):
1422-8. Epub 2011/08/09.

Olmos D, A'Hern R P, Marsoni S, Morales R, Gomez-Roca C, Verweij J, et al. Patient
selection for oncology phase I trials: a multi-institutional study of prognostic factors.
J Clin Oncol. 2012;30(9):996-1004. Epub 2012/02/23.

Hyman DM, Eaton AA, Gounder MM, Smith GL, Pamer EG, Hensley ML, et al.
Nomogram to predict cycle-one serious drug-related toxicity in phase I oncology tri-
als. ] Clin Oncol. 2014;32(6):519-26. Epub 2014/01/15.

Ploquin A, Olmos D, Ferte C, Cassier PA, Kramar A, Duhamel A, et al. Life-expectan-
cy of patients enrolled in phase 1 clinical trials: a systematic review of published
prognostic models. Critical reviews in oncology/hematology. 2012;83(2):242-8. Epub
2012/01/10.

Janisch L, Mick R, Schilsky RL, Vogelzang NJ, O'Brien S, Kut M, et al. Prognostic fac-
tors for survival in patients treated in phase I clinical trials. Cancer. 1994;74(7):
1965-73. Epub 1994/10/01.

Yamamoto N, Tamura T, Fukuoka M, Saijo N. Survival and prognostic factors in
lung cancer patients treated in phase I trials: Japanese experience. Int J Oncol.
1999;15(4):737-41. Epub 1999/09/24.

Bachelot T, Ray-Coquard I, Catimel G, Ardiet C, Guastalla JP, Dumortier A, et al.
Multivariable analysis of prognostic factors for toxicity and survival for patients en-
rolled in phase I clinical trials. Ann Oncol. 2000;11(2):151-6. Epub 2000/04/13.

Han C, Braybrooke JP, Deplanque G, Taylor M, Mackintosh D, Kaur K, et al. Com-
parison of prognostic factors in patients in phase I trials of cytotoxic drugs vs new
noncytotoxic agents. Br ] Cancer. 2003;89(7):1166-71. Epub 2003/10/02.

Penel N, Vanseymortier M, Bonneterre ME, Clisant S, Dansin E, Vendel Y, et al. Prog-
nostic factors among cancer patients with good performance status screened for
phase I trials. Investigational new drugs. 2008;26(1):53-8. Epub 2007/09/25.

Wheler J, Tsimberidou AM, Hong D, Naing A, Jackson T, Liu S, et al. Survival of pa-
tients in a Phase 1 Clinic: the M. D. Anderson Cancer Center experience. Cancer.
2009;115(5):1091-9. Epub 2009/01/24.

Penel N, Delord JP, Bonneterre ME, Bachelot T, Ray-Coquard I, Blay JY, et al. Devel-
opment and validation of a model that predicts early death among cancer patients
participating in phase I clinical trials investigating cytotoxics. Investigational new
drugs. 2010;28(1):76-82. Epub 2009/02/12.

Gopal AK, Kahl BS, de Vos S, Wagner-Johnston ND, Schuster SJ, Jurczak W], et al.
PI3Kdelta inhibition by idelalisib in patients with relapsed indolent lymphoma. N
Engl ] Med. 2014;370(11):1008-18. Epub 2014/01/24.

81



82

Drug Discovery and Development - From Molecules to Medicine

[53]

[54]

[55]

[56]

McArthur GA, Chapman PB, Robert C, Larkin ], Haanen JB, Dummer R, et al. Safety
and efficacy of vemurafenib in BRAF(V600E) and BRAF(V600K) mutation-positive
melanoma (BRIM-3): extended follow-up of a phase 3, randomised, open-label study.
The lancet oncology. 2014;15(3):323-32. Epub 2014/02/11.

Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, et al. Gefitinib or carbo-
platin-paclitaxel in pulmonary adenocarcinoma. N Engl ] Med. 2009;361(10):947-57.
Epub 2009/08/21.

Shepherd FA, Rodrigues Pereira ], Ciuleanu T, Tan EH, Hirsh V, Thongprasert S, et
al. Erlotinib in previously treated non-small-cell lung cancer. N Engl ] Med.
2005;353(2):123-32. Epub 2005/07/15.

Inoue A, Suzuki T, Fukuhara T, Maemondo M, Kimura Y, Morikawa N, et al. Pro-
spective phase II study of gefitinib for chemotherapy-naive patients with advanced

non-small-cell lung cancer with epidermal growth factor receptor gene mutations. J
Clin Oncol. 2006;24(21):3340-6. Epub 2006/06/21.

Voskoboynik M, Arkenau HT. Improving patient selection for phase I oncology tri-
als. ] Clin Oncol. 2014;32(28):3198-9. Epub 2014/07/30.

Hamid O, Robert C, Daud A, Hodi FS, Hwu W], Kefford R, et al. Safety and tumor
responses with lambrolizumab (anti-PD-1) in melanoma. N Engl ] Med. 2013;369(2):
134-44. Epub 2013/06/04.

Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen ]B, et al. Im-
proved survival with ipilimumab in patients with metastatic melanoma. N Engl |
Med. 2010;363(8):711-23. Epub 2010/06/08.

Bailey A, McDermott DF. Immune checkpoint inhibitors as novel targets for renal
cell carcinoma therapeutics. Cancer J. 2013;19(4):348-52. Epub 2013/07/23.

Eggermont AM, Kroemer G, Zitvogel L. Immunotherapy and the concept of a clinical
cure. Eur ] Cancer. 2013;49(14):2965-7. Epub 2013/07/31.

Robert C, Thomas L, Bondarenko I, O'Day S, M D], Garbe C, et al. Ipilimumab plus
dacarbazine for previously untreated metastatic melanoma. N Engl ] Med.
2011;364(26):2517-26. Epub 2011/06/07.



