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Abstract: Background: Exon del19 and L858R mutations account for 90% of EGFR mutant non-small cell lung
cancer (NSCLC). LUX lung 3 and 6 initially reported a survival difference between these two. However, other studies
did not demonstrate the same. By using machine learning (ML), it is possible to discover novel patterns for cancer
susceptibility, recurrence, prognostication, and therapy. We evaluate the effect of these two molecular subtypes
on overall survival/progression-free survival (OS/PFS). Methods: 413 patients with stage IV EGFR mutant NSCLC
were analyzed for clinicopathologic features, treatment details, and survival outcome. PFS prediction models were
built using ensemble decision trees, and random forest. Ensemble decision trees were built and validation was
performed using survival analysis. Clustering regression techniques were then applied to train and test the predic-
tion of the 1% PFS of patients. Results: The median age of the cohort was 59 years comprising 53% males and 47%
females. 275 (66.5%) patients showed a del19 mutation type and 138 (33.5%) harbored L858R. After clustering,
the most important variables were age (P<0.05), ECOG performance status (PS) (P<0.04), PDL1 (P<0.09), smoking
status (P<0.01) and to a lesser extent, number of extrathoracic metastasis (ETM) sites (median 1.2, P<0.06), brain
metastasis (P<0.06) and gender (P<0.08). The prediction for 1st PFS for del19 showed mean absolute error of 2.6
months and 4.72 months for L858R. The accuracy was 79.8% with 82% sensitivity, 79% specificity and AUC: 0.72.
The precision was 92% with a Mathews correlation coefficient of 0.59. Conclusion: This study used machine learn-
ing modeling with fair accuracy to demonstrate that ECOG PS, age at diagnosis, and smoking status are the three
main predictive factors of PFS in these patients.
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Introduction

Biomarker driven processes have changed
the therapeutic and prognostic paradigm of
non-small cell lung carcinoma (NSCLC), owing
to rapid approvals of targeted tyrosine kinase
inhibitors (TKIs) [1]. The canonical drivers which
comprise almost 40% of the cases are EGFR,
ALK and ROS1 alterations, and in a few cases
ERBB2, NTRK, BRAF, and MET [2]. EGFR mutat-
ed NSCLC comprise almost 35% of cases in the
Asian population [2], compared to 10-12% in
the West [3]. Current guidelines mandate test-
ing for sensitizing mutations spanning exons
18-21 of the EGFR gene owing to the rapidly
shifting therapeutic paradigm of these cases

[4]. Two canonical mutations comprising almost
90% of cases of EGFR mutant NSCLC include
in frame exon 19 deletion and p.L858R mis-
sense mutation in exon 21 [2-4]. LUX lung 3 [5]
and 6 [6] were the first trials to report a stati-
stically significant survival difference between
these two. Other subsequent trials like the
IPASS [7], EURTAC [8], OPTIMAL [9] and NEJOO2
[10] did not reveal any significant differences in
PFS between these two molecular subtypes.
However, all these demonstrated a numerically
better PFS and hazard ratio for dell9 when
compared to L858R cases. A few studies have
also aimed to characterize and evaluate clinico-
pathologic and survival differences, but have
yielded conflicting results.
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Machine learning (ML), a branch of artificial
intelligence, has shown tremendous potential
toward interpretation of complex genomic data
sets. By using ML, researchers are now able to
discover novel patterns between data and use
this information for predicting cancer suscepti-
bility, recurrence, prognostication, and therapy
[11].

This Indian study aims to evaluate the effect
of these two molecular subtypes on clinico-
pathologic features and survival outcomes us-
ing advanced ML models to aid in therapeutic
decision-making.

Methods
Patients

All cases of NSCLC registered at Rajiv Gandhi
Cancer Institute and Research Center from
January 2015 were evaluated in this retrospec-
tive single center study. Cases that harbored
positive del19 and L858R EGFR mutations
were included in this study. The patient data,
clinical features, pathologic and molecular
reports, treatment details and follow up out-
comes were retrieved from the electronic me-
dical records of the hospital and collated. The
patients who were lost to follow up were con-
tacted telephonically for current status up-
dates. This study has been approved by the
Institutional Ethics and Committee and Review
Board and has been carried out in accordance
with the Declaration of Helsinki.

Clinical features

The clinical features recorded included age
at diagnosis, gender, smoking status, presence
of brain metastases, extrathoracic metasta-
ses, leptomeningeal metastases, and Eastern
Cooperative Oncology Group Performance Sta-
tus (PS) [12]. The treatment details along with
date of initiation, follow up and objective re-
sponses as evaluated using RECIST criteria v. 3
[43].

Pathology and molecular diagnostics

The histologic evaluation was done as per
2015 World Health Organization Classification
of Lung Tumors [14] and immunohistochemis-
try panels including TTF1, and p40 were em-
ployed to differentiate between adenocarcino-
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ma and non-adenocarcinoma histology. As per
NCCN guidelines [4], all cases were subjected
to single gene testing for EGFR by real time PCR
using Therascreen assay (Qiagen, Inc), ALK by
IHC using D5F3 monoclonal antibody, and
ROS1 by IHC using D4D6 monoclonal antibody
followed by confirmation with fluorescent in
situ hybridization by ROS1 break-apart FISH
(Zytovision).

Survival analysis

For the purpose of survival statistics, the data
was locked in on 31.01.2020 for last recruit-
ment. The progression-free survival (PFS) was
defined as the time between date of initiation
of treatment up to date of progression (actual
progression/death/lost to follow up) as per
RECIST evaluation [13]. Overall survival was
defined as the time between the date of diag-
nosis up to date of last follow up/death. The
patients were followed up to February 28,
2021. The details of any tissue rebiopsy, or lig-
uid biopsy for detection of T790M mutation at
various different time points, if done, were also
studied.

Statistical analysis

All statistical analysis was done using MedCalc
QC (Ostend, Belgium) and R (version 3.5.1). The
patients were categorized into two groups as
per the molecular alteration present i.e. del19
and L858R. Categorical data were reported
as number with percentage, and continuous
data were reported as median (interquartile
range), as appropriate. Categorical data were
compared using the Chi-square test or Fisher’s
exact test. PFS and OS were estimated using
the Kaplan-Meier method. Comparison of PFS
and OS between groups was performed using
the log-rank test. Additionally, we conducted
unadjusted and multivariable Cox proportional
hazards models controlling for all demographic
and clinical characteristics to examine whether
the mutation type had an impact on progres-
sion free survival (PFS) or overall survival (0OS)
among our participants.

Machine learning

In determining the significant prognostic fac-
tors for PFS, prediction models were built using
ensemble decision tree, and random forest.
Next, the dataset was clustered based on the
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Figure 1. Graph depicting cumulative importance of different clinical and pathological features for the ML model.

type of EGFR mutation detected to perform
advanced modelling. Subsequently, the impor-
tant variables were ranked via variable selec-
tion methods in random forest. Feature impor-
tance indicates the most important variables
used by the model (Figure 1). There are two
types of methods used to determine feature
importance, one is the impurity-based feature
importance that is computed on training set
statistics and typically ranks the numerical fea-
tures to be the most important features. Since
impurity-based importance are biased towards
high cardinality features, we use another meth-
od called Permutation importance that uses
the test set and determines which variables
when removed makes a difference in the pre-
diction of the model. Both these methods indi-
cate age, ECOG performance status (PS), and
PD L1 while comorbidities turned out to be
important in the permutation-based impor-
tance method.

Finally, ensemble decision trees were built and
validation was performed using survival analy-
sis, and apart from gender and age, other prog-
nostic indicators that were used for predicting
the PFS were smoking habits, histology, ECOG
Performance score, presence or absence of
extrathoracic metastasis (ETM), presence or
absence of brain metastasis, and types of TKI
drugs used as first line treatment. Clustering
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regression techniques were then applied to
patient clusters to train and test the prediction
of 15t PFS of patients. The metrics used for
computing the model results were sensitivity
(82%), specificity (79%), accuracy (79.8%), pre-
cision (92%) and area under the curve by
receiver operator statistics (ROC) of 0.72.

Results
Demographics and clinical features

A total of 1500 NSCLC patients registered at
our hospital of which 548 were found to be
EGFR-mutated. Among these 545 cases, 471
cases were found to harbor either del19 or
L858R mutations. After considering the data
lock in finally 464 cases were included of which
404 cases harbored dell9 or L858R muta-
tions. The intent-to-treat-population was hence
considered as 404 for all statistical analysis.
The median age of the cohort was 60 years
(range: 26-87 years), with a male to female
ratio of 1.2:1 (Males 216, 54.5%, Females:
188, 46.5%). 322 patients (79.7%) were never
smokers, whereas 75 (18.6) had a positive
smoking history, and 7 (1.7%) chewed oral
tobacco. Del19 mutation was detected in 269
cases (66.6%) and L858R in 135 cases
(33.4%). Significant associations were seen
with respect to age, smoking, ECOG PS and
development of T790M resistance mutation.

Am J Transl Res 2022;14(4):2677-2684
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Table 1. Correlation of various clinical features between del19 and L858R mutant groups

Features Total (n=404) Dell9 (n=269) L858R (n=135) Pvalue Multivariate analysis
Age
Median 60 (27-85) 58 (27-84) 61 (35-85)
<65 295 206 89 0.02* 0.006*
>65 109 63 46
Gender
Male 216 141 75 0.35
Female 188 128 60
Smoking
Never 322 (79.7) 221 101 0.04%* 0.05*
Smokers 75 (18.6) 46 29
Oral 7(1.7) 2 5
ECOG PS
0-2 357 (88.4) 237 120 0.05* 0.1
34 47 (11.6) 32 15
Extrathoracic Metastases 0.19
Yes 306 (75.7) 209 97
No 98 (24.3) 60 38
Brain Metastases 0.02*
No 217 137 80 0.01*
At diagnosis 125 89 36
Developed later 54 37 17
Not assessed 8
Leptomeningeal Metastases 0.19
No 356 (88.1) 237 119
At diagnosis 34 (8.4) 22 12
Developed Later 14 (3.5) 10 4
Pleural effusion
Yes 165 (40.9) 105 60 0.27
No 238 (59.1) 164 74
Treatment Taken
Yes 345 (85.8) 227 118
No 59 (14.2) 41 16
First line treatment
EGFR TKI 263 (76.2) 171 22
Others 82 (23.8) 57 25
EGFR TKI
Gefitinib 146 91 5
Erlotinib 62 38 24
Afatinib 25 19 6
Osimertinib 28 21 7
Dacomitinib 2 2 0
T790M mutation
No 320 (79.2) 210 110 0.04* 0.1
Yes 84 (20.8) 59 25

The other baseline characteristics along with
associations with molecular subtypes are de-
picted in Table 1. Both univariate and further

multivariate analyses revealed statistically sig-
nificant associations with age, smoking status,
and brain metastases.
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Table 2. Cox proportional hazard model depicting factors determin-

ing PFS in both groups

was 23.8 months, and that
in dell9 and L858R sub-

groups were 25.7 months

PFS (95% CI) PFS:HR (95% Cl)
Del19 P value L858R Pvalue  and 19.7 months respec-
) tively (P<0.001). The one
Variable )
A 1.43 (0.89-2.30 0.13 1.59 (0.80-3.14 0.18 year and two-year survival
ge. ) 43(0.89-2.30) ) 29 (0.80-3.14) ’ rates for dell9 subgroups
Brain metastasis 1.29 (1.12-1.48) 0.003 1.89 (0.56-6.4) 0.3 were 82% and 77.1% respec-
ECOGPS 1.78(0.86-3.68) 0.1 1.66(0.78-350) 0.1 tively. The same in the
Histology 1.87 (0.98-3.57) 0.05 1.65(0.786.98) 0.1 L858R group were 76.9%
Effusion 1.33 (0.86-2.07) 0.19 and 47.4% respectively. The
Gender 0.67 (0.42-1.06) 0.09 various PFS and OS out-
Smoking 2.10(1.03-4.49) 0.03 comes in the two molecular
Overall 0.002 0.09 subgroups according to use

Treatment details

Of the 404 cases included in this study,
345 (85.8%) received treatment, whereas 59
(14.2%) were lost to follow up after diagnostic
work up. Among those who received treatment
at our center, 266 (76.2%) patients received
EGFR TKI as first line treatment, whereas
79 (23.8%) received EGFR TKI after first line
cytotoxic chemotherapy. In the intent-to-treat-
population, of the 191 patients who progress-
ed on 1% line TKI, 62 (32.5%) patients devel-
oped T790M mutation at progression, with 44
(71.1%) in dell9 subgroup and 19 (29.9%) in
the L858R subgroup. 36 in the dell9 subgroup
and 16 in the L858R group were given osimer-
tinib treatment in view of T790M mutation.
Among the rest of the 10 patients, 7 were given
chemotherapy, 2 patients were given other
TKls, and 1 patient continued the same drug.
The details of TKI received overall as well as
according to mutation subtype are depicted in
Table 1.

Survival outcomes of those who received first
line EGFR TKI

Of the 345 patients who took treatment at our
center, 266 patients received EGFR TKI as the
first line-treatment. 191 of these patients pro-
gressed up to last follow up. The median first
line PFS was 12.6 months, and that of the
dell9 subgroup was 11.9 months, compared
t0 9.2 months in the L858R group. The Cox pro-
portional hazard model for determining predic-
tors of PFS in the dell9 mutant group and
L858R group is depicted in Table 2.

With respect to 0S, the median follow-up
time was 23 months. The overall median 0S
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of drugs is depicted in Table
3. Owing to smaller numbers
in the dacomitinib group, the values did not
reach statistical significance, as the median 0S
and PFS were not reached.

We developed an advanced ML model to deter-
mine predictors of PFS in these two subgroups.
The features deemed important after cluster-
ing were age (P<0.05), ECOG PS (P<0.04), PDL1
(P<0.09), smoking status (P<0.01) and to a
lesser extent, number of extrathoracic metas-
tasis (ETM) sites (median 1.2, P<0.06), brain
metastasis (P<0.06), and gender (P<0.08). The
prediction for 15t PFS for del19 showed a mean
absolute error of 2.6 months and 4.72 months
for L858R. The accuracy was 79.8% with 82%
sensitivity, 79% specificity and AUC: 0.72. The
precision was 92% with a Mathews correlation
coefficient of 0.59.

Discussion

In this study we investigated the characteris-
tics and survival outcomes between the two
canonical molecular EGFR subgroups, in pati-
ents treated at our center. The study depicted
clear PFS and OS differences between dell9
and L858R subgroups along with statistically
significant associations with distinct clinical
characteristics. Preclinical studies have reveal-
ed distinct benefits of dell9 over L858R with
respect to distinct EGFR conformations, bind-
ing affinities to EGFR TKIs, and proliferative
capacities of tumors with each mutation sub-

type.

As reported in previous stu-dies, these patients
are younger, female and usually non-smokers,
with adenocarcinoma histology. Similar trends
were seen in the current study as well, although
the gender predilection was almost equal. The
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Table 3. OS and PFS differences in del19 vs. L858R groups

PFS

0S

Drug
Overall Del19 L858R P value

Overall Dell9 L858R P value HR

Gefitinib 16.2 183 95 01 1.76(1.1-28) 201 23.7 159 0.01 1.83(1.2-3.7)

Erlotinib 145 168 9.7 0.3 1.37(0.7-2.5) NR NR 14.3  0.003 *
Afatinib 15.8 15.8 * * NR NR 17.7  0.004 *
Osimertinib  18.4 18.4 NR 0.2 NR NR NR * *

PFS: progression-free survival, OS: Overall survival. Please note dacomitinib was given to only 2 patients in the del19 subgroup

and hence has been excluded from this analysis.

patients in the dell9 subgroup were (<65
years) when compared to L858R (P<0.006);
the same has also been reported in other stud-
ies [15].

A higher frequency of T790M mutation devel-
opment in patients of dell9 have been report-
ed in a few studies [16-18], as also evidenced
in the current study. A pooled analysis of AURA
trials was conducted to determine the T790M
predilection for dell9 group; AURA extension
(71% versus 25%), AURA 2 (65% versus 32%)
and AURA 3 (62% versus 32%) which concords
fairly with the frequencies observed in our
study (77.1% vs. 21.9%) [19, 20]. The exact rea-
sons for this predilection are still largely un-
known; however, in a few preclinical studies it
has been demonstrated that both these muta-
tions map to the vicinity of the active site cleft
of the kinase. The dell9 removes 3-8 amino
acid residues from the loop leading to activa-
tion, whereas L858R lies within the activation
loop of the kinase. An in vitro study [21] mimick-
ing the biological behavior of these mutations,
demonstrated that gefitinib inhibited the phos-
phorylation to a greater degree and caused G1
arrest in more cells that carried dell9 when
compared to L858R. The median OS for T790M
positive L858R group in our study was 22.9
months which is concordant with 26.4 months
obtained in another study [16]. However, the
same for the dell9 group was not reached in
our study, in contrast to 33.4 months [16].

In some studies [10, 22, 23], the median PFS
for 15t line gefitinib ranged between 9-11 mon-
ths, as also seen in our study (9.9 months).
When comparing the PFS for del19 vs. L858R
groups, the median PFS was longer in the del19
group (11.9 versus 9.2 months), which con-
cords with previously reported literature (20 vs.
8 months) [23]. The PFS in dell9 group in our
study is less than that reported [23], and this
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can be attributed to the higher number of
patients with brain metastases in our cohort.

Regarding OS, [21] reported that OS was signifi-
cantly better in patients with Del19 than those
with L858R (24-month OS rate was 72.1% vs.
32.0%, P=0.047). A significant improvement in
OS was observed in the group harboring Del19
compared with those harboring L858R (NR vs.
839 days, respectively; HR: 0.374; P=0.024)
[24]. Our finding with respect to a higher OS and
higher 2-year survival rate in the del19 group is
also similar (25.7 months versus 19.7 months)
(P<0.001) (24 months OS rate 77.1% vs. 47.4%)
[16].

The ML based approach used in our study is
our unique standpoint that helped determine
predictors of PFS in these molecular subtypes.
Although most of the features selected by
the model have been validated in controlled tri-
als, such a tool has not been described earlier,
and it may be enhanced further for prediction
of potential resistance mechanisms and overall
survival.

There are a few limitations of our study, includ-
ing its retrospective nature and data attrition.
Additionally we did not evaluate the differences
in chemotherapy vs. TKI treated groups in vari-
ous lines as reported in IPASS [7], EURTAC [8],
OPTIMAL [9], and many other trials. In order to
minimize crossover effects of chemotherapy
and TKI on the OS and PFS and the ML model,
we focused our discussion to 1% line EGFR TKI
for all analyses.

In conclusion, given the differential results of
the dell9 and L858R groups in NSCLC, with
clear PFS and OS benefits for dell9, there
might be a need for developing distinct thera-
peutic recommendations for these. Future in-
depth research into mechanisms and disease
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biology may better our understanding of these
alterations.
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