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Integrating 
biomarker and 
translational 
research in a drug 
development pipeline
By Abhijit (Ron) Mazumder

THE USE OF biomarkers in drug development 
is now widely accepted as a key component of the 
pharmacological audit trail (Yap et al). A recent 
white paper determined that 55 percent of all 
oncology trials in 2018 included biomarkers 
compared to fifteen percent in 2000 (Vadas et al). 
Numerous types of biomarkers can be used in 
drug development, including pharmacodynamic 
(PD), predictive, and endpoint biomarkers. 
Pharmacodynamic biomarkers can be used to 
confirm engagement of the target and subsequent 
modulation of the intended biological pathway and 
delineation of the magnitude and duration of PD 
effects in response to various doses of the drug.

An elegant example is the recent publication 
using PD biomarkers in ER-positive breast cancer 
to compare the effects of a novel selective estrogen 
receptor degrader with fulvestrant (Robertson et 
al). This study examined the proximal PD effects 
on the ER H-score using paired (baseline and on 
treatment) biopsies. An informative example of 
distal PD biomarkers was provided by Sullivan 
and coworkers who examined T cell infiltration 
in melanoma patients, prior to atezolizumab 
treatment, after run-in with either vemurafenib 

monotherapy or cobimetinib plus vemurafenib 
therapy. The investigators found that three of 
four evaluable patients demonstrated an increase 
in intratumoral CD8+ T cells compared to 
baseline after vemurafenib monotherapy run in. 
Similarly, after cobimetinib plus vemurafenib 
run-in, the proportion of CD8+ T cells in the 
tumor was increased compared to baseline in five 
of six evaluable patients (Sullivan et al).

Predictive biomarkers can be informative in 
identifying patient subgroups more likely to respond. 
A recent example of the use of a biomarker to direct 
a therapy to a likely responsive subgroup comes 
from a trial of atezolizumab in front line non-small 
cell lung carcinoma (NSCLC, Herbst et al). In that 
study, the subgroup of patients who had the highest 
expression of PD-L1 had a longer median overall 
survival by 7.1 months in the atezolizumab group 
than in the chemotherapy group (atezolizumab 
vs chemotherapy hazard ratio for death of 0.59, 
p=0.01). In contrast, in patients who had any level 
of PD-L1 expression, the hazard ratio for death was 
0.83 (p value not statistically significant).

Thus, given the value of biomarkers to the 
clinical drug development process, it is no 

surprise that most biotech and pharmaceutical 
companies have established biomarker or 
translational research groups, albeit with differing 
operating models, organizational structure, 
interfaces and scope.

Genentech Biomarker Group
At Genentech, the biomarker group is unique 
for the following reasons: First, the companion 
diagnostics group and the biomarker/
translational research group are both housed 
in the same department. Second, the group 
spans from Late-Stage Research (also known 
as lead validation or late preclinical) through 
early and late clinical development and global 
medical affairs. Third, although the group is 
formally situated in Genentech’s Research and 
Early Development (gRED) unit, it supports all 
oncology programs once they enter late clinical 
development, regardless of whether these programs 
initiated in gRED, Pharma Research and Early 
Development, or Chugai. Geographically, the 
group has members based in the US, China and 
Switzerland, allowing for biomarker scientists to 
be co-located with critical programs and clinicians. 
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Fourth, the group is charged with both forward 
and reverse translation (see Translational Research 
at Genentech section). Fifth, the group works 
with both internal (to the Roche group) and 
external diagnostics partners. Sixth, the biomarker 
department is also home to a large group of data 
and computational scientists and biomarker 
operations staff.

This model has three significant advantages: 
First, the broad scope enables continuity and 
bidirectional flow of information critical to the 
pipeline programs. Second, it enables scientists 
to grow scientifically and professionally in their 
careers by empowering them to lead programs 
in preclinical, early and late development as well 
as regulatory filings. Third, the model, combined 
with a single point of accountability, ensures that 
potentially disruptive innovations are implemented 
into pipeline programs as early as possible in 
clinical development. In short, the group contains 
or has access to the requisite personnel and tools 
needed to execute a biomarker program.

A key component of the Genentech biomarker 
group is the companion diagnostics (CDx) 
group. This group interacts with internal and 
external diagnostics partners and serves as 
the primary point of contact for companion 
diagnostic development with numerous internal 
teams (Figure 1). The members of this group 
have diverse and broad skill sets and scientific 
backgrounds, possessing a deep knowledge in 
translational science, clinical development, and 
regulatory filings. As the companion diagnostics 
field and associated technologies continue to 
evolve, it is imperative that companion diagnostics 
strategies likewise evolve in the face of growing 
complexity. For example, although the vast majority 
of approved companion diagnostics are based 
on single mutation or immunohistochemistry, 

this is now changing (see “FDA CDx Table” in 
References). In the future, companion diagnostics 
are likely to become more quantitative in nature, 
involving multiple genes and/or higher complexity 
protocols and readouts (Figure 2).

Case Studies of the Impact of 
Biomarkers in Cancer
I now focus on representative case studies 
which illustrate the impact of predictive and 
translational science:

NSCLC and BFAST Study (TMB)
The first case study involves the use of circulating 
tumor DNA (ctDNA). This field has rapidly 
evolved to cover multiple points in the patient 
journey, from screening/early detection to the 
adjuvant treatment setting to the metastatic stage 
of a cancer patient (Maia et al and Aggarwal et 
al). Our team has examined the use of ctDNA in 
both the metastatic and adjuvant settings. In the 
metastatic setting, we have used ctDNA as an 
alternative to tissue-based testing in the BFAST 
Study (Blood First Assay Screening Trial; 
NCT03178552). BFAST is a Phase II/III global, 
multi-center, open label, multi-cohort study 
The BFAST study using the FoundationOne® 
Liquid CDx test to evaluate the safety and efficacy 

of targeted therapies or immunotherapies as 
single agents or in combination in people with 
unresectable, advanced, or metastatic NSCLC 
who are determined to harbor oncogenic 
somatic mutations or be tumor mutational burden 
(TMB) positive as identified by blood-based NGS 
ctDNA assays.

Advanced NSCLC and Alecensa-ALK
The Alecensa ALK-positive cohort was the first to 
readout. The data from that cohort demonstrated 
that the FoundationOne Liquid CDx assay can 
help to test and identify a broader population of 
people with advanced NSCLC who may benefit 
from Alecensa® (alectinib).The cohort consisted 
of people for whom current diagnostic tests are 
not suitable, such as for those who cannot provide 
tissue samples due to insufficient or absent tumor 
tissue or where tissue diagnostics are not available. 
Data from this assay can also validate the clinical 
utility of blood-based NGS as an additional 
method to inform clinical decision-making in 
ALK-positive NSCLC.

In the study, 87.4% of people with advanced 
NSCLC who were identified by the FoundationOne 
Liquid CDx biopsy assay to have ALK fusions had 
a confirmed response to treatment with Alecensa 
(overall response rate; ORR) as measured by the 
investigator per Response Evaluation Criteria in 
Solid Tumours (RECIST v1.1). This is consistent 
with the ORR for Alecensa observed in the pivotal 
Phase III ALEX trial, which identified people 
using tissue-based testing. When measured using 
an Independent Review Facility per RECIST 
v1.1, the confirmed ORR was numerically higher 
at 92.0%. Importantly, more read-out reports 
from other cohorts are expected in the coming 
months (Figure 3).

Muscle invasive urothelial carcinoma and 
IMvigor010 trial (PD-L1)
In the adjuvant setting of muscle invasive urothelial 
carcinoma, our team has collaborated with Natera 
(See “Natera release” in (References) on the 
IMvigor010 trial, an open-label, global, randomized 
and controlled Phase III study involving 581 
patients, that evaluated adjuvant treatment with 

Figure 1: The ecosystem and interfaces led by the Companion Diagnostics (CDx) team in Roche Pharma. 
The CDx team acts works with the appropriate diagnostic partner, depending on whether the CDx will utilize 
IHC, sequencing, or other method, and serves on various internal pharma project teams to ensure coordination 
of therapeutic and diagnostic activities. 

Figure 2: Diagnostic and companion diagnostic evolution over time. Whereas early companion diagnostic tests 
relied on single marker IHC or mutation analysis, gene panels such as the Foundation One CDx panel have 
now been approved. This landscape is likely to continue to evolve as newer technologies such as circulating 
tumor DNA (ctDNA), minimal residual disease (MRD) in both hematological and solid tumors, single cell RNA 
sequencing and TCR sequencing demonstrate clinical utility and predictive value in specific clinical indications. 
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the PD-L1 inhibitor atezolizumab compared with 
observation. An interim analysis showed that 
patients who were ctDNA-positive after surgery 
(37%) had an increase in overall survival (OS) in 
the treatment arm, with a median of 25.8 months 
with Tecentriq, compared with 15.8 months for 
observation (HR=0.59), while those patients 
who were ctDNA-negative after surgery derived 
no benefit.

The study also showed that ctDNA clearance was 
higher in the treatment arm vs. the observation 
arm (p=0.0048). Thus, baseline levels of ctDNA 
can be used in the metastatic and adjuvant settings 
to identify the presence of oncogenic mutations 
or fusions or to predict response to treatment in 
the adjuvant setting, respectively. Furthermore, 
reductions in ctDNA levels (i.e., clearance) can be 
used as a dynamic treatment measure that may 
correlate with outcome. Zhang and coworkers 
have also recently demonstrated that on-treatment 
reductions in variant allele frequencies were 
independently associated with longer progression-
free survival and overall survival, suggesting that 
on-treatment ctDNA dynamics are predictive of 
benefit from immune checkpoint blockade.

Translational Research at Genentech
Increasingly, translational research, especially 
reverse translation, has become an important 
part of drug development (Figure 4). For a 
brief perspective on the importance of reverse 
translation, the reader is referred to Reverse 
Translation at Genentech site (in References). 
A recent perspective on the use of reverse 
translation to inform drug discovery and early 
clinical development found that only one quarter 
of respondents very consistently encouraged 
discovery teams to use clinical data in the discovery 
of new molecular entities. Furthermore, only 
forty percent of respondents stated that their 

organizations regularly review emerging internal 
or external data from clinical trials in a cross-
functional setting to inform clinical development 
(Heatherington et al).

Practical reverse translation results can be 
obtained by analyzing large data sets from late-
stage clinical trials, for example: insights about 
resistance mechanisms; additional insights about 
what the drug is actually doing mechanistically in 
the body to impart clinical efficacy; and data on 
factors important for drug efficacy. These insights 
create a learning loop for the organization. Indeed, 
Jack Welch, the former CEO of General Electric, 
has famously stated; “an organization’s ability to 
learn, and translate that learning into action rapidly, 
is the ultimate competitive advantage”.

Two elegant examples of reverse translation 
have recently been published, both of which 
highlight the importance of TGF beta as a target 
for cancer immunotherapy (Mariathasan et al 
and Desbois et al). Mariathasan and colleagues 
found in metastatic urothelial cancer patients 
treated with the anti-PD-L1 agent atezolizumab 
that a lack of response was associated with a TGF 
beta signaling in fibroblasts, especially in patients 
whose tumors showed exclusion of CD8+ T 
cells from the tumor. Using a mouse model 
that recapitulates this immunophenotype, the 
authors demonstrated that co-administration of 
anti-TGF beta and anti-PD-L1 agents reduced 
TGF beta signaling, resulting in T cell infiltration 
into tumors, anti-tumor immunity, and tumor 
regression. These results clearly showed that TGF 
beta shapes the tumor microenvironment to 
dampen anti-tumor immunity via reduction of 
T cell infiltration.

Underscoring the importance of TGF beta, 
Desbois and colleagues found that T cell excluded 
tumors displayed loss of antigen presentation on 
tumor cells and upregulation of TGF beta and 
activated stroma by analyzing data from a large 
cohort of ovarian cancer patients. These authors 
also identified TGF beta as a key mediator of 
T cell exclusion: it reduces MHC-I expression in 
ovarian cancer cells in vitro, activates fibroblasts 
and induces extracellular matrix production 
to yield a physical barrier hindering T cell 
infiltration. Anti-TGF beta agents are now being 
investigated actively in numerous clinical trials 
(see clinicaltrials.gov for a detailed listing).

Figure 3: Design of the Blood First Assay Screening Trial (BFAST) as communicated at the 2019 Roche Pharma 
Day. This trial relies solely on a liquid biopsy for screening, enrollment and assignment to a specific arm of the 
study. For example, NSCLC patients with an ALK fusion are assigned to receive Alecensa whereas those patients 
with a high tumor mutational burden in the plasma assay (bTMB) are assigned to receive either Tecentriq 
or chemotherapy. 

Figure 4: Forward and reverse translation create value for the entire drug discovery and development value 
chain. The forward translation activities yield more traditional deliverables from a biomarker group while the 
reverse translation activities typically generate mechanistic insights, candidate targets and potential new combi-
nation regimens. The key stakeholders may also differ in these two pathways. 
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Both of these examples also highlight the ability 
to analyze highly complex samples and derive 
potential biomarker insights from the power of big 
data analysis tools. These also illustrate how skilled 
and competent researchers can develop models 
and hypotheses, then pursue these hypotheses in 
the laboratory.

Prospects for Biomarker and 
Translational Research
What can we expect from biomarker and 
translational research groups in the future? 
Several innovative technologies and data sources 
should enable identification of novel biomarkers 
and mechanistic insights. I highlight three 
examples below.

First, digital pathology is an area of increasing 
research. Digital pathology typically involves 
digitizing histopathology slides for analysis of the 
resulting digitized images using computational 
approaches such as machine learning (Bera et al). 
Computational approaches have been used to enable 
automated object recognition as segmentation 
and prediction of mutational status or treatment 
response to anti-PD-1 agents (Barrera et al).

Second, the use of real-world data to glean 
mechanistic insights is becoming more feasible. 
For example, investigators at the National 
Cancer Institute have found that angiotensin 
receptor blockers, a class of drugs used to control 
high blood pressure, may be associated with 
response to PD-L1 inhibitors See NCI Study). 
The investigators analyzed data from 597 patients 
who had been treated with PD-L1 inhibitors 
across 20 clinical trials and numerous tumor 
types. In a group of 71 patients taking angiotensin 
receptor blockers, the objective response rate was 
34% versus 17% for patients not taking this class 
of drugs. The investigators proposed that when 
angiotensin II binds to the AT1R, it could increase 
levels of VEGF and TGF beta, both of which are 
associated with tumor growth and resistance to 
immunotherapy (see above section on reverse 
translation). Interestingly, angiotensin-converting 
enzyme inhibitors, another class of drugs used to 
control high blood pressure, were not found to 
be associated with response to PD-L1 inhibitors. 
Although these observations will require additional 
follow up and validation to confirm their predictive 
and mechanistic value, other investigators have 
discussed the link between the vasculature 
and antitumor immunity (Munn and Jain). 
Furthermore, the smaller, focused study, enabled 
by biomarker-selected data, increases confidence 
to the interim conclusions and follow-on testing 
(despite the relatively small number of patients).

Third, the use of technologies which enable 
spatial and/or cellular resolution of gene expression 

and cellular interactions is providing key insights 
into disease biology. For example, single cell 
RNA sequencing (scRNAseq) will become even 
more important in translational research (Shalek 
and Benson and Gohil et al) and potentially as 
a companion diagnostic (Figure 2). ScRNAseq 
enables visualization of gene expression in 
tumor, stromal, and immune cells, as opposed 
to bulk RNA sequencing which yields effectively 
a weighted average of gene expression across 
all cell types. An elegant example was recently 
provided by Yuen et al who analyzed circulating 
plasma IL-8 and IL8 gene expression in peripheral 
blood mononuclear cells and tumors from 
patients treated with atezolizumab (anti-PD-L1 
monoclonal antibody) from multiple randomized 
trials representing 1,445 patients with metastatic 
urothelial carcinoma and metastatic renal 
cell carcinoma.

High levels of IL-8 in plasma, peripheral blood 
mononuclear cells, and tumors were associated 
with decreased efficacy of atezolizumab. Single-cell 
RNA sequencing of the immune compartment 
showed that IL8 is primarily expressed in 
circulating and intratumoral myeloid cells and 
that high IL8 expression is associated with down-
regulation of the antigen-presentation machinery. 
In order for this technology to be widely applied 
in global clinical trials and in community settings, 
it must deliver sensitive and reproducible results 
with formalin-fixed, paraffin-embedded tissue 
samples, which is how the majority of biopsies 
samples are archived.

Final Thoughts
In summary, biomarker groups that can span 
from research through early and late clinical 
development and that can incorporate newer 
technologies into both clinical development and 
translational research are poised to help propel 
pre-clinical and clinical candidates forward. 
Delineating clear roles and responsibilities as well 
as handoff points along the drug discovery and 
development continuum will enable a seamless and 
efficient translational research organization which 
should enhance the probability of success for new 
molecular entities. JoPM
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