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Perspective
Lung cancer is among the most common malignant
diseases and currently the leading cause of cancer-related
deaths in the US and worldwide [1]. The 1- and 5-year
overall survival rates for lung cancer patients (47% and
18%, respectively) are far below the average cancer survival
rate [2]. Due to the majority of patients being diagnosed
with advanced stage of lung cancer, oncologists deem it to
be one of the most relevant types of cancer to study the
relationship between time-to-treatment initiation (TTI)
and clinical outcome.

TTI needs to be addressed to improve lung cancer
outcomes because treatment delays following diagnosis
will impact patient survival [3]. In general, timely care
positively affects survival of patients which are driven in
part by the risk of disease progression during avoidable
delays. Current clinical practice guidelines recommend
time to starting lung cancer treatment ranges from 31 days
to 3 months in different countries [4-7]. US guidelines to
initiate treatment within 41 days of diagnosis of NSCLC.
The British National Health Service (NHS) recommends
treatment to initiate within 31 days of clinical decision
to treat. In Norway, the recommended timeframes from
receiving a referral letter to the start of treatment are 35
calendar days for systemic cancer therapy and 42 days for
surgery and radiotherapy. In the Netherlands, treatment
is recommended to start within 35 calendar days of the
patient’s first visit to a pulmonologist.
Delayed initiation of treatment could increase

psychological distress and affect the prognosis for cancer
patients [8,9]. A large population-based study in the US
found that 36.7% of lung cancer patients experienced
treatment delays (diagnosis-to-treatment interval of >35
days) [10]. Age, race, stage at diagnosis, comorbidity, and
type of hospital are also associated with treatment delays
[11,12].

The diagnosis-to-treatment of lung cancer patients
requires complex coordination by specialized medical
and surgical services, health service administrators,
pathologists, testing service providers and insurance
companies. The traditional approach of referring patients
to different specialist consultations sequentially often
results in care that is perceived as slow, fragmented, and
poorly coordinated (Figure 1A). It is essential to obtain
optimal clinical results in patients with suspected lung
cancer to speed up the diagnostic process and early
treatment as much as possible. Delays in the process, from
the initial diagnosis, presentation and consultation to
treatment decision may have negative consequences.
Considering the importance of an early approach in the
first treatment of lung cancer, we carried out a collaborative
study to implement in-parallel blood draw at the time of
biopsy (for circulating cell-free DNA profiling) to expedite
treatment decision-making in the earliest possible way
(Figure. 1B). At the end of liquid biopsy-based sequencing
test, only the confirmed lung cancer cases were included
for data analysis and reported out.
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ATM, KRAS, SMARCA4 and AR genes were detected in 3%
each of all cases. Surprisingly, the well-known prevalent
drivers such as EGFR, BRAF, PIK3CA, MET, HER2, KEAP1
and STK11 were not the commonly mutated genes in this
cohort. An examination of genes implicated in DNA damage
repair (DDR) pathway showed that 45% of patients had a
mutation in at least one of the DDR genes.
Figure 1: Timeline of (A) current tissue-only diagnosis and treatments and
(B) Improved TTI by cfDNA profiling at the time of biopsy.

Genomic profiling of NSCLC patients offers the
opportunity of therapeutic intervention with targeted
drugs as precision medicine. The analysis of circulating
cell-free DNA (cfDNA) through next generation sequencing
(NGS) technology provided a powerful tool to assess
actionable mutations in NSCLC patients in real time without
delay. In the past few years, the identification of driver
genomic alterations that represent targets for therapeutic
intervention has revolutionized the management of NSCLC
patients. The assessment of the mutational status of EGFR,
KRAS, ALK, ROS1, RET, BRAF, MET, HER2 and NTRK plays
a crucial role in the identification of the most suitable
therapeutic strategy for NSCLC patients in the current
clinical practice [13].
Targeted sequencing of a 100-gene NGS panel was
performed to detect somatic nonsynonymous mutations
present in cfDNA. The study cohort comprised 672 NSCLC
patients of whom 80% were treated at community programs
and 20% were received at academic institutions. As shown
in Figure 2, we detected TP53 and CHEK2 mutations in
14% and 11% of the cohort, respectively, followed by GNAS
(5%), BRCA2 (5%) and NF1 (5%). Mutations in POLE, RB1,

Figure 2: Mutation prevalence of detected driver genes in cfDNA of NSCLC
patients at the time of biopsy.

To establish whether the mutations detected by
our profiling approach could have supported the very
first personalized and precision therapy, we evaluated
all mutations by using the Cancer Genome Interpreter
(CGI). Majority of the detected TP53 mutations were
identified as cancer driver mutations and some linked to
potential therapies: Decitabine (Chemotherapy), AZD6738
(ATR inhibitor), Doxorubicin (Anthracycline antitumor
antibiotic), Gemcitabine (Chemotherapy), Mitomycin C
(Chemotherapy), WEE1 inhibitors, Pramlintide (Amylin
analogue). In addition to TP53 mutations, CGI identified
cancer drivers in 67 % of samples, with 53% linked to
potential therapies.
Poly-ADP ribose polymerase (PARP) inhibitors are in
active development as single agents and in combination
with chemotherapy across tumor types, including lung
cancer [14,15]. Ongoing development of these agents
already included studies focused in patients with tumors
at risk for compromised DNA repair capability e.g., DDRdeficiency, for example, BRCA1/2-, ATM-, CHEK2- or
POLE-mutated cancer patients. In terms of clinical utility
and actionability, PARP drugs could potentially be used to
treat nearly half of our cohort as the first treatment option.
Most significantly, our study suggested that simultaneous
blood draw at the time of biopsy is a vital step and should
be implemented in current clinical practice to close TTI
gap. As increased TTI is associated with increased risk of
death in early-stage lung cancer, we believe such blood
draw/cfDNA profiling need to be adopted more widely to
diminish the potential harm to patients.
In conclusion, cancer patients require timely and
effective care to ensure the best possible outcomes, and
it is important to improve the diagnostic and therapeutic
waiting times to which lung cancer patients are subjected,
especially because time delay influences the prognosis,
with the ultimate goal of increasing the cure rate and
improving the quality of life and prolonging survival. NGSbased cfDNA profiling represents an effective alternative
to tissue biopsy in the case of tumor tissue unavailability.
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Most importantly, it also allows a comprehensive, quick
turnaround and real-time characterization of the molecular
landscape of the whole disease, thus providing a faithful
portrait of both spatial and temporal tumor heterogeneity
of NSCLC patients. Collectively, cfDNA profiling at the
time of biopsy can effectively reduce TTI by about 70%
over a sustained period. It is truly a single, simple and
implementable solution to the issue of TTI.
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