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Introduction

During the last two decades, most new agents have been 
designed to target molecular alterations involved in 
carcinogenesis. For instance, trastuzumab, a monoclonal 
antibody targeting HER2, has been approved for HER2-
overexpressing breast cancer treatment in 1998 (1) and 
vemurafenib, a BRAF kinase inhibitor, has been approved 
in melanoma patients harboring the V600E BRAF  
mutation (2) to cite only two agents among numerous 
striking examples. Most of these agents are expected to 
produce anti-tumor activity only in the presence of the 
matching molecular alteration or companion biomarker. 
Even though the complete characterization of the target is an 
area of research for many agents such as mTOR inhibitors 
and antiangiogenic agents, the objective of treating patients 
based on the molecular profile of their tumor is claimed 
by most of the sponsors and investigators. Nevertheless, 
molecularly targeted agents (MTAs) have been assessed to 
date according to tumor location and histology. Investigations 

in other tumor types are then pursued on a case by case basis. 
For instance, trastuzumab eventually also demonstrated 
anti-tumor activity in advanced/metastatic stomach cancers 
overexpressing HER2 (3). However, this approach is rapidly 
limited by the sample sizes required for clinical trials: the 
combination of the (low) prevalence of some alterations 
as well as some specific tumor types transforms several 
subgroups into rare diseases. The sequential development 
of a MTA in multiple tumor types with the same molecular 
abnormality in most cases is thus unrealistic.

Recent advances in high-throughput technologies allow 
for the screening of a large panel of molecular alterations 
in a reasonable timeframe for clinical practice, which opens 
the possibility to select and personalize treatment based 
on the molecular profile of the tumors. The National 
Cancer Institute (USA) has recently defined personalized 
medicine as “a form of medicine that uses information about 
a person’s genes, proteins, and environment to prevent, 
diagnose, and treat disease” (4). The question of whether 
personalized medicine based on the molecular profiling of 
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the tumor of cancer patients improves their outcome has 
arisen. In a prospective cohort study, von Hoff and colleagues 
investigated the benefit of selecting treatment for refractory 
cancer based solely on the tumor biology (5). They found 
that 27% of the patients had a progression-free survival (PFS) 
increased by 30% as compared to the time to progression 
(TTP) obtained with the previous line of treatment, assessed 
retrospectively. In a comparative non randomized trial, 
Tsimberidou and colleagues reported that in patients with at 
least one druggable molecular alteration identified in their 
tumor, matched MTA compared with treatment without 
matching was associated with a higher objective response 
rate, longer PFS, and longer survival (6). However, the lack 
of randomization vs. standard of care in these studies did not 
allow for drawing robust conclusions (7). 

Genesis of the SHIVA trial

The SHIVA trial was designed within the Institut Curie 
to evaluate whether tumor biology is a more important 
driver for treating cancer patients than tumor location and 
histology. For ethical reasons, only patients with cancers 
refractory to approved treatments for their disease were 
selected, similar to the two above mentioned studies (8). 
Furthermore, the concept appeared particularly attractive 
for less common or rare tumor types for which dedicated 
randomized trials of MTAs are usually not carried out. This 
supported the idea to include all solid tumor types that can 
be evaluated for efficacy using the same criteria. A very large 
set of MTAs is under development, with various levels of 
evidence of activity depending on the stage of development. 
We decided to use only approved drugs in order to control 
for this source of heterogeneity. Use of combinations that 
have often strong biological rationale was limited by safety 
issues as few phase I trials combining two approved MTAs 
have been published. 

We initiated the SHIVA trial (NCT01771458), a 
randomized proof-of-concept phase II trial comparing 
molecularly targeted therapy approved at the time of the trial 
(outside of their approved indications) based on metastasis 
molecular profiling vs. conventional chemotherapy (or best 
supportive care) in patients with any kind of cancer refractory 
to standard of care. The intervention evaluated in this trial 
can be described as a complex algorithm that determines the 
association of a treatment with a putative adequate target. 

We introduce here the rationale for the design, the 
choice of endpoints, the type of conclusions we can expect 
and specificities due to this type of clinical question. We 

emphasize the necessity of randomized trials, and explore 
the power of the trial in case only part of the algorithm 
would be efficient, that is if only some MTAs actually work 
in the presence of the selected target while others do not. 

Design of the SHIVA trial

The primary objective of the SHIVA trial is to compare the 
efficacy in terms of PFS of molecularly targeted therapy 
based on molecular profiling versus conventional therapy in 
patients with solid tumors refractory to standard treatments. 
PFS is defined as the delay between randomization and 
progression according to RECIST 1.1 (9) or death, 
whatever the cause. Secondary efficacy objectives are to 
investigate the tumor growth according to the treatment 
arm, to explore the possible variation in treatment effect 
according to the altered pathway (interaction test), and to 
compare the tumor growth obtained with the MTA and 
the standard treatments for patients who cross over. Tumor 
growth is defined quantitatively as the sum of the size of the 
targeted lesions identified using RECIST 1.1 standardized 
by the delay between measurements. In this secondary 
analysis, patients with clinical progression and no evidence 
of radiological progression and patients with new lesions 
will be analyzed based on the radiological measurements 
only. Additional analyses including clinical progression 
and the occurrence of new lesions will be included in a 
sensitivity investigation.

The flowchart of the study is provided in Figure 1. The 
SHIVA trial includes an observation cohort study as well 
as a randomized trial. In brief, the molecular profile of a 
patient tumor is performed on a mandatory biopsy/resection 
of a metastasis and analyzed by a molecular biology board 
made of biologists, physicians and bioinformaticians. If no 
molecular alteration for which an approved matched MTA 
exists in the frame of the SHIVA trial was identified, the 
patient is not eligible for the randomization and is entered 
into a prospective observational cohort. If one or several 
molecular alterations are identified, the molecular biology 
board applies a pre-defined algorithm to select the best 
MTA (see Table 1). Patients are then randomized between 
receiving the selected MTA or receiving a conventional 
treatment according to the investigators’ choice (that is 
based on tumor type, histopathological characteristics etc.).  
The investigator and the patient are blinded to the 
molecular profile. More details can be found in the paper 
by Le Tourneau and colleagues (10). The protocol for the 
research project has been approved by an Ethics Committee 
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Figure 1 Flow chart of the SHIVA trial with a two-step information process leading to enroll part of the patients in a randomized controlled 
trial and a prospective cohort study.

and the trial conforms to the provisions of the Declaration 
of Helsinki. The remainder of this communication focuses 
on the randomized trial of the SHIVA program.

It is well known that prognosis differs depending on 
the tumor type, although patients with the same cancer in 
terms of location and histology might also display different 
prognosis (11). In order to control for patient heterogeneity 
from differences in prognosis, randomization is stratified 
according to the signaling pathway relevant for the choice 
of the MTA and the patient prognosis based on the two 
categories of the Royal Marsden Hospital (RMH) score for 
oncology phase I trials (12). Although molecular alterations 
may be prognostic for PFS, it was not possible to stratify 
the design for all possible molecular alterations. Three 
main signaling pathways have been arbitrarily identified: 
(I) the hormone receptors pathway; (II) the PI3K/AKT/
mTOR pathway; and (III) the MAP kinase pathway (see 
Table 1). Therefore, combining the two levels of prognosis 
from the RMH score with the three molecular pathways, 
the randomization and the planned primary analysis are 
stratified on six strata.

A cross-over is allowed at disease progression for patients 
in both treatment arms (patients who received conventional 

chemotherapy were proposed the MTA and vice-versa). 
Last, quotas were introduced so that no more than 20% of 
the randomized patients had the same tumor type.

A feasibility evaluation was planned after the first 100 
patients to check the availability of the molecular profile 
within four weeks after the biopsy, to review the different 
steps to draw the molecular profile and the algorithm to 
guide treatment’s selection (10). No modification of the 
process and the algorithm was required after this interim 
feasibility analysis. 

The population of interest included various tumor types 
and various number of previous lines of treatment, similar 
to the population enrolled in phase I trials. The expected 
PFS of this population in the control arm could be derived 
from the one reported in phase I clinical trials of cytotoxic 
agents that have been eventually approved: 6-month PFS 
in this patient population was around 15% (13). Under the 
hypothesis that doubling the 6-month PFS rate from 15% 
to 30% was clinically relevant (i.e., HR =0.63), a total of 
142 events is required to detect a statistically significant 
difference in PFS between the randomized arms with a type 
I error of 5% and a power of 80% in a bilateral setting. To 
observe these events after an accrual time of 18 months and 
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a minimum individual follow-up of six months, about 200 
patients would need to be randomized onto this trial. 

Design specificities relating to the use of high 
throughput technologies

The evaluation of a complex intervention such as the SHIVA 
algorithm to select the MTA raises specific issues that not 
only impact the design, but also the statistical analysis and 
the final interpretation. First, this complex intervention 
combines two aspects: the treatment effect and the choice of 
the putative matching target. Therefore, the resulting efficacy 
can be related to either of the two and the final interpretation 
is the evaluation of the whole strategy compared to another 
strategy (physician choice) which uses different treatments 
and a different modality to select the treatment. Second, 
several sources of variability related to the complexity of 

the intervention may contribute to the final results of the 
experiment. Eleven different targeted treatments have been 
administered based on 22 targets characterized by several 
dozen molecular alterations (see Table 1). A fundamental 
assumption behind the design is that the intervention has 
similar effects (or absence of effects) in all six strata, whatever 
the allocated treatment and whatever the molecular alteration 
used to select the treatment. This is the homogeneity 
assumption. In case the algorithm is only partly efficient, the 
power of the study is impacted. The magnitude of the impact 
is investigated in the following section. Third, as in any 
scientific experiment, the algorithm to select patients must be 
duly described, reproducible and applicable to all participants. 
Defining the treatment algorithm was challenging as the 
knowledge regarding the biology of the tumors and the high-
throughput platforms evolve quickly with time and initial 
biological assumptions might become outdated.

Table 1 SHIVA treatment algorithm established to select molecularly targeted agents based on the molecular profile

Targets Targeted therapies Molecular alterations

KIT, ABL1/2, RET Imatinib Activating mutations/amplification

PI3KCA, AKT1 Everolimus Activating mutation/amplification

AKT2/3, mTOR, RICTOR, RAPTOR Everolimus Amplification

PTEN Everolimus Homozygous deletion

Heterozygous deletion + inactivating mutation 

Heterozygous deletion + loss of expression using IHC

STK11 Everolimus Homozygous deletion

Heterozygous deletion + inactivating mutation 

INPP4B Everolimus Homozygous deletion

BRAF Vemurafenib Activating mutation/amplification

PDGFRA/B, FLT3 Sorafenib Activating mutation/amplification

EGFR Erlotinib Activating mutation/amplification

HER-2 Lapatinib + trastuzumab Activating mutation/amplification

SRC Dasatinib Activating mutation/amplification

EPHA2, LCK, YES1 Dasatinib Amplification

ER, PR Tamoxifen or letrozole Protein expression ≥10% IHC

AR Abiraterone Protein expression ≥10% IHC

Comments for oncogenes: (I) known activating mutations in the littérature or in databases like COSMIC; (II) amplification is  

defined by an amplicon size ≤10 Mb and a gene copy number ≥6 for diploid tumors and ≥7 for tetraploid tumors; (III) only focal  

amplification with an amplicon size of maximum 1 Mb were directly validated by the MBB. If amplicon size >1 and <10 Mb, IHC is 

required. Comments for tumor suppressor genes, inactivation of tumor suppressor genes implies that the 2 alleles that code for a 

particular protein are affected: (I) homozygous deletion (loss of 2 alleles); (II) heterozygous deletion: Loss of one allele if the second 

hold an inactivation mutation or can be validated by loss of expression using IHC; (III) loss is defined by 1 copy for diploid tumors 

and 1 or 2 copies for tetraploid tumors; (IV) deletion corresponds to 0 copy. 
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Strengths of the selected design

Randomization

A randomized clinical trial is mandatory to evaluate the 
added value of omic-based classifiers to guide patient’s 
treatment compared to standard approaches (14,15). 
Although the tumor biology, the mechanisms of drug 
resistance, and the role of the tumor environment are 
known to be crucial to accurately predict patient outcomes, 
they remain largely unknown, making it necessary to have 
a comparator. Furthermore, the prognosis of the highly 
selected patients (those whose tumors have a set of pre-
defined molecular alterations) enrolled in such trials 
is not well-known, and only randomized experiments 
can disentangle the benefit of the intervention from the 
benefit obtained with supportive care or conventional 
chemotherapy outside of standard of care. Randomization 
is the only way to control for known and unknown 
confounding factors and to evaluate the causality in such a 
complex intervention. The more complex the intervention, 
the more numerous the unknown confounding factors. 
Likewise, only an intent-to-treat analysis that makes full 
use of the randomization is appropriate. However, as shown 
in the next section, this is necessary but this may not be 
sufficient to provide a clear picture of the benefit of the 
complex intervention. 

Blinded design

Blinding to the molecular profile is a crucial component 
to evaluate the benefit of the intervention (16). The 
expectations of the physicians and of the patients in omic-
based algorithms to select MTAs are high, and there is a 
risk of bias in the interpretation of treatment efficacy that 
would favor the intervention arm. Ideally a double blind 
trial should be designed; however this was impossible in the 
SHIVA trial due to the numerous treatments administered 
to the patients in both arms with various formulations (oral 
or intravenous). 

Algorithm reproducibility

The treatment algorithm to select the best MTA based on 
a molecular profile was defined by the biologists and the 
physicians. It includes molecular alterations (in particular 
oncogene activations and gene suppressor inactivation) 
that had been demonstrated to have a predictive value of 
the effect of some treatments in the clinic, such as HER2 

amplification and BRAF mutations. Others were based on a 
strong biological rationale that had not been validated in the 
clinic, such as PIK3CA mutations. The complete treatment 
algorithm was defined and secured before initiating the 
trial. Based on the knowledge of targetable signaling 
pathways, it makes explicit the definition of what should be 
considered a druggable molecular alteration (activating and 
inactivating mutations, focal amplifications, heterozygous 
and homozygous deletions, etc.), the thresholds for 
quantitatively measured molecular alterations (fold change 
and maximal size of focal DNA amplification for instance), 
validation of some protein expression measures using IHC, 
the priorization between molecular alterations when several 
of them were relevant and the correspondence between 
molecular alterations and MTAs. Each of these aspects 
is a potential source of variability. Extensive theoretical 
work has been performed in the SHIVA trial to enable 
strong control of the underlying heterogeneity, in line with 
the recommendations of McShane and colleagues (17).  
Amplifications, gene losses and deletions were clearly 
defined as a function of copy number alterations corrected 
to the tumor cell content and the size of the amplification. 
Similarly, for mutations analyses, thresholds for variant 
calling were set according to the frequency, strand ratio and 
reads’ coverage (10). The molecular alterations included in 
algorithm are precisely documented in terms of techniques 
used to assess these alterations (18). Furthermore, the 
molecular technologies are evolving rapidly and in the 
SHIVA trial two different sequencing panels (Ion Ampliseq 
Panel version 1 and version 2) were used. Therefore, 
before updating the sequencing protocol several samples 
were analyzed in parallel with both panels to ensure the 
reproducibility and the homogeneity of the results. In the 
same way, all bioinformatics analyses defined during the 
feasibility part of the project were centralized and applied to 
all patients regardless of recruitment center. No modification 
of the bioinformatics workflows were accepted after the 
feasibility part of the project. Finally, all patients enrolled 
in the trial are analyzed in the same way. This is crucial as 
any research must be self-explanatory and reproducible. A 
treatment algorithm that relies only on understated experts’ 
opinion would not be applicable outside of the center and 
conclusions would not be applicable and generalizable to 
other samples. 

Cross over

Cross-over is allowed in the SHIVA trial to patients at 
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disease progression. Patients initially randomized in 
the intervention group may then receive conventional 
chemotherapy based on their tumor type, and patients 
in the control arm may receive the MTA matching the 
molecular alteration identified on the biopsy performed at 
inclusion, provided all eligibility criteria are still fulfilled 
at the time of progression. The analysis plan included a 
comparative analysis of the TTP after each of the two 
treatments using the patient as his (her) own control for the 
subset of patients who could receive second treatment. The 
randomization between the two arms of treatment can also 
be seen as a randomization between the two sequences of 
treatment, fulfilling one requirement of cross-over designs. 
The statistical power of this analysis might theoretically 
be higher than the one comparing the treatment efficacy 
between the two groups as it enables control for the various 
sources of patients-related heterogeneity such as the natural 
history of the disease (the tumor location and histology), 
the history of previous treatments etc. if TTP for the two 
lines of treatment are correlated (14). Furthermore, in this 
planned cross-over, all tumor evaluations are performed 
using the same criteria, the same set of target lesions 
identified prospectively. This gives a better and more 
robust assessment of the two consecutive TTP compared 
to retrospective assessment. However, cross-over was not 
mandatory and in the likely case that a large fraction of 
patients cannot receive both arms (i.e., no crossover) due 
to clinical deterioration for instance, the power would be 
lower and the conclusions may be biased. Accordingly, the 
primary analysis relied on the first period only.

Tumor diversity

Quotas for tumor types were set up in the protocol to avoid 
over-representation of more frequent tumor types such as 
breast, lung or colorectal cancers. No more than 20% of the 
randomized patients are allowed to be enrolled for a given 
tumor type. A wide diversity of tumors has been enrolled. 
Differences between the treatment arms would then be 
unlikely related to a given tumor type. This would reinforce 
the interest of developing new treatments based on biology 
first, possibly across multiple diseases.

Biopsy of a metastatic site

In the SHIVA study all patients must undergo a biopsy 
of a metastatic site before being treated, so that we are 
sure that the molecular profile established reflects what 

will be treated as controversial results have been reported 
on the agreement between molecular profiles measured 
on the metastasis and on the primary (19,20). However, 
patients were allowed to receive chemotherapy (but no 
MTA or hormone therapy) between the time of biopsy 
and randomization. Establishing a molecular profile on the 
primary tumor may not accurately reflect the molecular 
profile of the tumor at the time of treatment, especially if 
patients have been previously treated with MTAs that can 
act as a selection pressure in some malignancies, driving 
clonal evolution and selecting for certain resistant subclones 
or developed de novo on treatment (21).

In summary, the randomized design for the SHIVA trial 
allows for comparing two complex strategies on a valid 
endpoint, while controlling for numerous confounding 
factors. A statistically significant difference between the two 
arms would be appropriately interpreted as the superiority 
of treating patients with MTAs based on molecular 
alterations and a pre-defined treatment algorithm compared 
to the conventional approach based on tumor location and 
histology. In other words, do we perform better than what 
we usually do for these patients?

Limitations of the selected design

Interpretation

An important question that will not be addressed in the 
SHIVA trial is the independent effect of the treatment 
algorithm. The design will not enable the disentanglement 
of the treatment effect from the algorithm effect. If a given 
MTA is active irrespective of the measure of the target (that 
is of the algorithm), we would draw the same conclusions 
as if the treatment worked thanks to the adequate selection 
of the patients. The US NCI sponsored M-PACT trial 
(NCT01827384) presented in the same issue of the journal 
has been designed to specifically address the question of 
the added value of the algorithm. Conversely, the control 
arm used in the M-PACT trial does not correspond to any 
standard of care and the trial will not be able to conclude 
whether the global strategy is superior to the usual practice. 
Both trials are therefore quite complementary. 

Population heterogeneity

If randomization guarantees that the two groups of patients 
have comparable characteristics and the same overall 
prognosis, heterogeneity may dilute the expected benefit. 
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Heterogeneity impacts any clinical research, but several 
sources of potential heterogeneity across patients are specific 
for (or more likely with) this kind of trial: the location 
and histology of the tumor, the molecular alterations, the 
assays used to identify the molecular alterations, and the 
diversity of treatments under study. Stratification of the 
randomization and of the analysis on the RMH prognostic 
score and on the signaling pathway is an efficient mean to 
control part of this heterogeneity, assuming no interaction 
between the strata and the treatment effect. It was 
impossible to stratify on the numerous tumor types. On 
the contrary, as noted in the previous section we tried to 
increase the diversity of the tumor types to be able to draw 
conclusions that would be broadly applicable. This source 
of heterogeneity is intrinsic to the question addressed by the 
SHIVA trial and we tried to build on it, while controlling 
for the other identified sources.

Homogeneity and power

Beyond the expected heterogeneity in the population’ 
prognosis, there is a risk of heterogeneity in the effect of the 
MTA selected based on the molecular alteration. Statistically, 
this would mean an interaction between the MTA effect 

and patient’s characteristics. In other words, the algorithm 
to select the right treatment would be efficient for some 
molecular alterations (or equivalently for some treatments) 
and not for others. For instance, suppose that the treatment 
selected in case of an alteration on the PI3K/AKT/mTOR 
pathway is not active in this subset of patients, this would 
reduce the power of the primary analysis. Our ability to 
detect a 50%-reduction in the rate of progression or death 
at six months would be lower than the planned 80%. This is 
illustrated by the forest plots in Figure 2. Each line represents 
the MTA effect in a different stratum. In panel A, we have 
homogeneity of the treatment effect across all strata: whatever 
the signaling pathway and the prognostic group, the PFS rate 
is increased by 50%. Conversely, in panel B, no treatment 
effect is observed in one of the strata and the overall power 
of the primary analysis is reduced from 80% to 66%. The 
magnitude of the power loss depends on the number of strata 
where the MTA is not active, as shown in Table 2. The size 
of each stratum is also directly related to the power (results 
not shown). Homogeneity tests (or interaction tests) are 
part of the statistical analysis plan in order to detect this 
pattern of results. However, interaction tests are notoriously 
underpowered as shown in Table 2 and a strong heterogeneity 
may remain statistically undetected at the 5% level. 

N=200, power=80% N=200, power=66%

1 0.523
MTA  better CT better

Pathway 2 & low risk

Pathway 3 & low risk

Pathway 1 & high risk

Pathway 2 & high risk

Pathway 3 & high risk

overall
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Pathway 1 & low risk

1 0.523
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Figure 2 Impact of heterogeneity in the treatment effect related to the SHIVA algorithm assuming balanced prevalence for the different 
strata (pathways and RMH risk score) and the same follow-up for all patients censored at the cut-off date. High and low risk denote the 
RMH risk group; pathway 1, 2, 3 correspond to the grouping of the different targets; MTA stands for MTA selected on the target; CT 
stands for standard chemotherapy; N is the total sample size; OR stands for odds ratio; point estimates and 95% confidence intervals 
(horizontal lines) are provided. (A) Homogeneous benefit of the targeted treatment selected based on molecular alterations in all strata; 
(B) benefit of the targeted treatment selected based on molecular alterations in all but one stratum. RMH, Royal Marsden Hospital; MTA, 
molecularly targeted agent; CT, standard chemotherapy.
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Endpoints

The primary endpoint for SHIVA is PFS, which is used in 
many clinical trials to evaluate treatment benefit in advanced 
disease. As secondary endpoint, the quantitative measure 
of the tumor growth is analyzed (22). This endpoint has 
been increasingly investigated in recent years due to the 
potential increased information carried in continuous 
outcomes (23). In particular, an improved ability to detect 
interactions between the treatment effect and baseline 
characteristics such as the signaling pathway is expected. 
However, recent works have demonstrated that none of 
the endpoints based on the tumor growth proposed to date 
were a good surrogate of the patient’s survival (24), and this 
is not clear whether a treatment effect measured on the 
tumor growth would be strongly predictive of a treatment 
effect on the PFS; furthermore, the best way to combine 
information from tumor growth and the occurrence of new 
lesions or clinical symptoms is still an area of research. In 
the SHIVA trial, this endpoint may help to provide a better 
understanding of the data, but it could not be used as a 
primary endpoint instead of PFS. 

Perspectives

More than 900 MTAs are under development (25). 
However the large majority (95%) are tyrosine kinase 
inhibitors, 4% target the cell cycle, while less than 1% 
target alternative pathways, which limits the range of 
eligible targets. The prevalence of molecular alterations 
varies strongly according to the tumor type (26), also by 
the stage of the tumor (27), and the exposure to previous 
MTAs. Many subgroups represent less than 15% of the 
cancer patients with a tumor type. The SHIVA randomized 
trial has been set up to investigate which of tumor biology 

or tumor location and histology is the most important to 
select treatment in patients with cancer refractory to the 
standard of care. Interpretation of the results of such trials 
are complicated by the complexity of the algorithm, but 
only randomized trials can disentangle the consequence of 
prognostic factors in these highly selected patients from the 
intervention effect and enable to control for confounding 
factors to allow reliable conclusions (28). 

The statistical principles for the SHIVA trial integrate 
various aspects to reduce the variability related to 
the potential heterogeneity of the population. This 
heterogeneity will be balanced between the two treatment 
arms and thus should not induce spurious association, but it 
may dilute the effect of the intervention. Standardization of 
the process to identify druggable molecular alterations and 
the matching MTA, as well as the blinding of the results are 
key elements in such trials. The same principles as those 
applied for the development of diagnostic tools should be 
implemented (29). 

There is clearly a need for more sensible endpoints to 
evaluate such complex interventions. PFS is mildly sensitive 
to treatment variations and interaction tests to identify 
differential effects according to the matching between 
treatment and target are not powerful with 200 patients. 
Pharmacodynamic endpoints such as functional imaging or 
biomarkers are promising to detect early treatment failure 
but have none yet validated. 

Overall, cancer biology is at the heart of this type of 
histology-agnostic trial. Current knowledge of tumor 
biology does not enable us to systematically predict the final 
outcome as shown by the disappointing efficacy obtained 
with vemurafenib in BRAF mutated colon cancer (30), or 
those obtained with crizotinib in neuroblastoma with ALK-
translocation (31). Taking into account the presence or the 
absence of several molecular alterations might improve the 

Table 2 Power of the randomized comparative trial to detect an overall increase in the progression free survival rate at 6 month from 15% 
to 30% in case of heterogeneity assuming balanced prevalence of signaling pathways and RMH risk groups

Number of strata with MTA better Power for the comparative test (%) Power for heterogeneity test (%)

6 80 –

5 66 25

4 49 36

3 32 38

2 17 34

In strata where MTA selected on the target is not better than CT, we assumed the same rate of progression at 6 months. Homogeneity 

is tested using Woolf’s test. RMH, Royal Marsden Hospital; MTA, molecularly targeted agent; CT, standard chemotherapy.
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accuracy of the treatment algorithms using systems biology 
approaches. However, any treatment algorithm should be 
clearly defined and rigorously evaluated in randomized 
trials. In addition, the tumor environment is likely an 
important factor of success of a therapeutic approach, as 
illustrated with the recent approval of immunotherapeutics. 
Nevertheless, the question of what is the strongest predictor 
of the treatment effect and whether matched MTA to 
molecular profile compared to conventional chemotherapy 
is more effective for cancer patients is crucial for the 
scientific community as well as for the patients. A total 
of 741 patients have been enrolled in 18 months and 197 
have been randomized to date. Final efficacy results of the 
SHIVA trial are expected in 2015.
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