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Translational Gap in Lung Cancer Research
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Abstract

Lung tumors display intratumoral heterogeneity and contain “cancer stem-like cells” (CS-LCs) that drive chemoresis-
tance and tumor relapse. Cancer relapse occurs when treatment does not target all types of cell subpopulations. Clini-
cal trials often test only one drug, which will likely not be effective on heterogeneous tumors. Studies testing two or
more drugs seldom incorporate cancer stem cell- targeting drugs. This translational gap, defined as a delay in the clini-
cal applications of scientific discoveries, may be present in other cancers. In this study, we reviewed 50 Phase I/l and
Il lung cancer clinical trials (PI/IICT) published in 2015 and 50 studies published in 2004. We compared the number of
anticancer drugs used in each CT, the drugs’ ability to target CS-LCs, and the use of radiotherapy. Between 2015 and
2014, the use of radiotherapy (10% and 12%, respectively) and the percentage of studies using drugs known to target
CS-LCs (32% and 26%, respectively) were similar. There was an increase in the percentage of PI/IICT testing three drugs
when comparing 2015 to 2004 (34% vs 16%). We conclude that a translational gap exists in lung cancer research.
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Lung cancer is the leading cause of cancer-related deaths
in Western countries."” Even though vast amounts of
resources have been allocated for both basic and clinical
research to find a cure for this disease, the prognosis for
lung cancer is still poor." For instance, the 5-year relative
survival rate for patients diagnosed the 1970s was about
12% and increased only to 18% for those diagnosed be-
tween 2003 and 2009."” During those decades, important
advances in the understanding of lung cancer biology have
been accomplished. One of the breakthrough discovery in
cancer research has been the isolation in 2005 of putative
lung cancer stem-like cells (CS-LCs)®! and their association
with chemoresistance.”! Lung CSCs (LCSCs) constitute a
subpopulation of cancer cells (accounting for 0.03-6.1% of
the cell population) that can regenerate a heterogeneous
tumor. This discovery has led to the assumption that if CSCs
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were eliminated, the cancer would be cured. It is then ex-
pected that clinical trials performed after 2005 will focus in
eliminating LCSCs.

The poor advance in the treatment of lung cancer is some-
how similar to what have been described for other tumors.
For instance, glioma patients’ prognosis has remained the
same during the last four decades. In this type of tumor, we
have previously described a translational gap, defined as a
delay in the application of rudimentary cancer cell biologi-
cal concepts in the design of clinical trials.”” In particular,
we found that key concepts, such as the importance of the
blood brain barrier and the existence of glioma stem cells,
are seldom incorporated in Phase I/Il clinical trials. These
explain, at least in part, the failure of most clinical trials and
why the prognosis of glioma patients remains similar to de-
cades ago.
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To accomplish this objective, the number of drugs used in
each clinical trial, their ability to target LCSCs, and the use
of concomitant radiotherapy were compared in a set of 50
Phase I/Il clinical trials published in 2004 (a year before the
isolation of LCSCs) with 50 Phase I/1l clinical trials published

in 2015, around a decade later. These parameters are indic-
ative of how basic findings in lung cancer biology can be
translated into clinical trials.

Methods

Phase I/11 clinical trials for lung cancer were retrieved from
PubMed (https://pubmed.ncbi.nlm.nih.gov/), with some
references from https://www.clinicaltrials.gov, using the
search phrases “phase Il lung cancer 2015” and “phase ||
lung cancer 2004". The search was restricted using the fil-
ters “Clinical Trial”and “Free Full Text." 100 unique articles re-
porting results of phase I/ll and phase Il clinical trials were
selected. Table 1 displays the information of 50 phase I
clinical trials published in 2015, and Table 2 shows informa-
tion of 50 clinical trials published in 2004. This information
includes type of lung cancer, number of patients (as well
as the male/female ratio), drugs for treatment (and other
interventions, such as radiation therapy), endpoints of the
studies, and the study start and end dates (along with dura-
tion of the trial). In order to characterize the drugs utilized
in the clinical trials, as well as to determine their effective-
ness at targeting LCSCs, a Google search was first used to
find any alternate drug names, as well as the drug type.
Then, information regarding whether a particular drug
is known to target LCSCs was derived from Pubmed and
Google Scholar using the search terms“(drug name) cancer
stem cells” and “(drug name) lung cancer stem cells” This
information is recorded in Table 3.

Results and Discussion

From PubMed, using the search criteria described in Meth-
ods, we have retrieved a set of 50 Phase I/Il clinical trials
(PI/IICT) published in 2015 to compare with another set of
50 PI/IICT published in 2004 to evaluate if there is a trans-
lational gap in lung cancer research, as we have described
for gliomas.® The rationale for selecting these two groups
(2004 vs 2015) is that the isolation of cancer stem-like cells
from lung tumors was reported in 2005;5 therefore, it is ex-
pected that PI/IICT published before 2005 did not consider
these cells. However, one would expect that after about a
decade, an increasing number of PI/IICT will be designed
with the specific goal to eliminate LCSCs and other factors
known to affect clinical outcomes, such as intratumoral
heterogeneity and concomitant use of radiotherapy. With
this aim, we evaluated the number of drugs used in each

PI/IICT, the concomitant use of radiotherapy, and their abil-
ity to target lung CS-LCs.

Number of Drugs Included in Clinical Trials

Lung cancers display high intratumoral heterogeneity, a
factor that has been associated with chemoresistance and
tumor relapse.”? Therefore, for a more successful outcome,
it is expected that PI/IICT are designed to test at least 2
drugs. This rationale is supported by clinical evidence that
when treating cancer, utilizing multiple chemotherapeutic
agents and/or combining radiation therapy with chemo-
therapy is, overall, a more effective treatment compared to
monotherapy.®? A meta-analysis completed by Delbaldo
et al."% determined that the addition of a second drug to
advanced NSCLC treatment significantly improved tumor
response and patient survival.

Our data show that the number of PI/IICT published in 2015
(Table 1) that used 1, 2, 3 or >3 drugs were 14 (28%), 19
(38%), 17 (34%) and 0 (0%), respectively. The number of PI/
IICT published in 2004 (Table 2) that used 1, 2, 3 or >3 drugs
were 7 (14%), 35 (70%), 8 (16%) and 0 (0%) (Fig. 1). Overall,
these results are unexpected. The percentage of studies that
incorporated two drugs decreased by approximately one-
half when comparing 2004 to 2015. Conversely, the percent-
age of studies in 2015 that tested only one drug is double
that of the 2004 clinical trials. However, the number of PI/IICT
that tested three drugs doubled. None of the studies tested
>3 drugs, but this appears to be a common finding; our pre-
vious studies in gliomas showed that only a small percent-
age of PI/IICT tested >3 drugs,”® even in ongoing but not
published clinical trials.™! Despite the rise in the number of
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Figure 1. Percentage of chemotherapeutic agents administered in
each clinical trial (n=100). For 2004 (n=>50), 7 trials tested one drug
(14%), 35 trials tested two drugs (70%), and 8 trials tested three drugs
(16%). As for 2015 (n=50), 14 clinical trials tested one drug (28%), 19
trials tested two drugs (38%), and 17 trials tested 3 drugs (34%). None
of the clinical trials tested more than three drugs at once.



PI/IICT using 3 drugs, an important fraction of studies (28%)
published in 2015 were designed to test only one drug and
only four out of 14 (28.5%) of such studies used drugs with
proven ability to target LCSCs. From this observation we can
predict that at least 10 studies out of 50 (20%) will likely be of
no more benefit than current treatments.

Use of Concomitant Radiation

Like in other tumors the use of concomitant radiation im-
proves patient survival and response rates of lung cancer
patients compared to patients that receive chemotherapy
alone." 4 Applying this reasoning, we evaluated the num-
ber of studies that added radiotherapy to the tested drugs.
Our analysis showed that in both sets of clinical trials pub-
lished in 2004 and 2015 only ~10% of the studies evaluated
the use of concomitant radiotherapy (Fig. 2). This result is
also surprising, but it can be explained by either the neces-
sity to first evaluate the effect of chemotherapy alone and,
if effective, add radiotherapy in future clinical trials, or to
simplify the design and analysis of P2CTs.

Use of Drugs Targeting LCSC

Since their isolation in 2005, putative lung cancer stem-like
cells have been extensively associated with chemoresistance
and tumor relapse (see above). We anticipated that recently
published PI/IICTs will employ drugs with known activities
against this particular cell fraction. Our data (Fig. 3) shows
that contrary to this expectation, only 16 out of 50 studies
(32%) published in 2015 used drugs that were known to tar-
get LCSCs. This is only a smallimprovement, considering that
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Figure 2. Chemotherapy and radiotherapy versus chemotherapy
alone in 2004 and 2015 phase Il clinical trials (n=100). Of the 2004
clinical trials (n=50), 44 did not use radiation therapy, and instead
tested chemotherapy only (88%), while 6 trials did use radiation ther-
apy (12%). For 2015 (n=50), 45 clinical trials utilized chemotherapy
only (90%), while 5 studies used a combination of chemotherapy and
radiation therapy (10%).

in the set of P2CTs published in 2004, 13 out of 50 studies
(26%) used known LCSC-targeting drugs.

Impact of the Translational Gap in Lung Cancer
Research

Our results clearly show about 70% of recently published
(in 2015) clinical trials do not test drugs known to target
LCSCs (see above). A similar result was observed in glio-
mas,’ and even ongoing (but still not published) clinical
trials are failing to incorporate glioma stem cell targeting
drugs.™ Currently there are 174 ongoing (Recruiting: 102;
Active, not recruiting: 50; not yet recruiting: 21; enrolling by
invitation; 1) interventional phase Il clinical trials for lung
cancer (www.clinicaltrials.gov, retrieved in June, 2021) and
it would be logical to assume that a translational gap is
still present and that most of these studies will not be suc-
cessful. This gap represents a challenge when searching to
participate in new experimental treatments. Our study may
provide a valuable reference to educate both patients and
physicians and help them to decide to participate in clini-
cal trials that will likely have more chances to improve the
prognosis of this disease. This goal can be achieved by se-
lecting those studies that test multiple drugs with at least
one of them with known ability to target LCSCs.

Conclusion

We have analyzed three parameters of PI/IICTs that indicate
how basic findings in lung cancer biology can be translat-
ed into clinical trials to improve study outcomes and ulti-
mately lead to better prognoses for lung cancer patients.
Overall, our data provide evidence that little advances
have been made during the last decade in incorporating
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Figure 3. Targeting LCSCs in clinical trials. Studies in which at least
one drug administered was known to target LCSCs were considered
attempts at targeting LCSCs. Studies in which at least one drug ad-
ministered was known to not target LCSCs, or those in which drugs
tested were of unknown status regarding the targeting of LCSCs,
were considered to have not targeted LCSCs.
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potential breakthroughs obtained from basic research into
clinical practice. This constitutes a translational gap in lung
cancer research. Our group previously reported a similar
finding for gliomas. Since lung cancer is one of the lead-
ing causes of cancer-related deaths, it is possible that this
translational gap may also occur in other types of common
cancers (e.g., breast, prostate). Future research in this area
is necessary to determine whether the translational gap is
a widespread phenomenon in translational oncology that
needs to be fixed by engaging preferentially in PI/IICT with
higher chances of improving patient prognosis while re-
ducing the cost of clinical cancer research.
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