
The Benefits of Combined Molecular  
and Clinical Data For Patients
A S  P U B L I S H E D  I N  N AT U R E  B I OT E C H N O LO GY  J O U R N A L 

“Extensive molecular profiling 
combined with clinical data 
identifies targeted therapies 
and clinical trials for a large 
proportion of cancer patients, 
and paired tumor/normal plus 
transcriptome sequencing 
outperforms tumor-only DNA 
panel testing.”

xT  5 0 0  P U B L I C AT I O N

S T U DY  D E S I G N

	▪ Study cohort consisted of 500 patients across the eight most common cancer types, rare malignancies, 
and tumors of unknown origin.

	▪ Combined molecular genomic testing included tumor full-transcriptome RNA sequencing, tumor-
matched normal DNA sequencing, and immunological biomarker analysis

	▪ Structured clinical data abstraction was performed on all patients

	▪ Integrated analytics were performed on both the molecular and clinical data

S T U DY  S U M M A RY

This publication represents the first study to determine clinically relevant insights via comprehensive genomic 
analysis of a de-identified dataset derived from cancer patients nationwide

	▪ Our results indicate paired tumor/normal DNA-seq and RNA profiling of cancer patients yields high rates 
of matching to targeted therapies and clinical trials

	▪ Our results illustrate the potential value of integrated clinical and molecular data analysis to practicing 
physicians.  
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Genomic analysis of tumors is rapidly becoming routine clini-
cal practice. Estimates of the proportion of patients whose 
testing changes their trajectory of care vary from approxi-

mately 10% to more than 50%, depending on tumor type and clini-
cal setting1–4. Growing evidence suggests that patients who receive 
personalized therapy have better outcomes5. For example, the use 
of matching scores based on the number of genomic aberrations 
and therapeutic associations for each patient demonstrated that 
high matching scores are independently associated with a greater 
frequency of stable disease, longer time to treatment failure and 
greater overall survival4. Improved progression-free survival rates 
were observed in 43% of next-generation sequencing (NGS)-tested 
patients who received a genome-guided therapy, as compared to 
only 5.3% of patients who did not2. The IMPACT trial, which tested 
advanced-stage tumors from 3,743 patients and matched approxi-
mately 19% of patients on the basis of their tumor biology, reported 
a 16.2% objective response rate for patients with matched treatments 
versus a 5.2% rate with non-matched treatments. Additionally, the 
rate of 3-year overall survival for patients treated with a molecularly 
matched therapy was more than twice that of non-matched patients 
(15% versus 7%)6.

The Tempus xT assay tests matched tumor and normal sam-
ples and generates DNA alteration data for single nucleotide 
variants (SNVs), insertions and deletions (indels) and copy num-
ber variants (CNVs) for approximately 600 genes, plus chromo-
somal rearrangements for 21 genes7. Tempus xT also provides 
whole-transcriptome RNA sequencing (RNA-seq), which detects 
clinically validated fusion transcripts and provides research use 
only (RUO) information regarding dysregulated genes and can-
cer type predictions for tumors of unknown origin (TUOs).  

xT immuno-oncology (IO) assays include clinical immunohisto-
chemistry (IHC) testing for DNA mismatch repair (MMR) defi-
ciency and PD-1/PD-L1 status, clinical genomic determination 
of microsatellite instability (MSI) status, measurement of tumor 
mutational burden (TMB), neoantigen predictions and RUO gene 
expression analyses of the tumor microenvironment (TME)7–11. 
We have previously described laboratory and analytic processes, 
including additional machine learning approaches for integrating 
genomic and imaging data generated during the course of cancer 
diagnosis and treatment7,12.

Integrating DNA- and RNA-seq data into the analyses of patient 
samples to produce clinically validated patient reports requires 
advanced bioinformatics and data analytics. Properly interpreting 
results also requires clinical context, including patient data from 
physician notes and tests. Together, the genomic sequencing, com-
putational algorithms, and software built to communicate patient 
clinical profiles and molecular test results to physicians are referred 
to as the Tempus platform. Here we examined the results of apply-
ing the Tempus platform to a cohort of 500 randomly selected 
patients with common tumor types, rare tumors and TUOs. We 
present clinical and RUO analyses from tumor–normal matched 
Tempus xT DNA- and RNA-seq testing on the DNA mutational 
spectra, whole-transcriptome profiling, chromosomal rearrange-
ment detection, and the immunogenomic landscape based on 
immunotherapy biomarkers in the xT 500 cohort across multiple 
tumor types. Molecular insights derived from these analyses were 
used to match patients with evidence-based therapies and clinical 
trials. Lastly, we present a comparison of the Tempus platform to 
tumor-only sequencing, examining germline versus somatic variant 
detection and therapeutic matching.
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Genomic analysis of paired tumor–normal samples and clinical data can be used to match patients to cancer therapies or clinical 
trials. We analyzed 500 patient samples across diverse tumor types using the Tempus xT platform by DNA-seq, RNA-seq and 
immunological biomarkers. The use of a tumor and germline dataset led to substantial improvements in mutation identification 
and a reduction in false-positive rates. RNA-seq enhanced gene fusion detection and cancer type classifications. With DNA-seq 
alone, 29.6% of patients matched to precision therapies supported by high levels of evidence or by well-powered studies. This 
proportion increased to 43.4% with the addition of RNA-seq and immunotherapy biomarker results. Combining these data 
with clinical criteria, 76.8% of patients were matched to at least one relevant clinical trial on the basis of biomarkers measured 
by the xT assay. These results indicate that extensive molecular profiling combined with clinical data identifies personalized 
therapies and clinical trials for a large proportion of patients with cancer and that paired tumor–normal plus transcriptome 
sequencing outperforms tumor-only DNA panel testing.
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xT  5 0 0  P U B L I C AT I O N

K E Y  F I N D I N G S

 

28% reduction in somatic false-positive calls compared to tumor-only analysis

	▪ Tempus xT tumor-matched normal DNA sequencing improved somatic  
versus germline variant detection.

	▪ The use of matched normal reference increased the accuracy of somatic  
findings by 28%.

Increase in therapy matching for cancer patients

	▪ Tumor DNA-only sequencing resulted in 91.2% of patients matching  
to therapies with some level of evidence (Level IA, IB, IIC, IID criteria). 

	▪ Of these, 29.6% of patients matched to targeted therapies supported  
by high levels of clinical evidence from consensus guidelines or  
well-powered studies.

	▪ Combined DNA and RNA sequencing using Tempus xT increased  
the high level therapy matching rate to 43.4% of patients.
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Increase in clinically relevant fusion detection via RNA sequencing

	▪ Out of 32 total oncogenic gene fusions in the study, full transcriptome RNA sequencing discovered  
2 that would have been missed using DNA sequencing only.

	▪ Both of the RNA gene fusions could be matched to therapeutic options.

Increase in clinical trial matching

	▪ Less than 20% of patients match to genomically-relevant clinical 
trials and less than 5% of the matched patients ultimately enroll [1,2]. 

	▪ In this study, integrated analysis of clinical and molecular data 
resulted in 96.2% biomarker based clinical trial matching.

DNA only DNA + RNA


