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Abstract: Although epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) have become the stan-
dard therapy for patients with EGFR-mutant non-small cell lung cancer (NSCLC), treatment outcomes vary signifi-
cantly. Previous studies have indicated that concurrent mutations may compromise the effectiveness of first-line
EGFR-TKIs. However, given the high cost of next-generation sequencing, this information is often inaccessible in
routine clinical practice. A prediction model based on pre-treatment clinical characteristics may thus offer a more
practical solution. This study established a nomogram based on pretreatment clinical characteristics to stratify
patients according to optimal treatment strategies. We retrospectively reviewed 761 patients with EGFR-mutant
NSCLC who received first- or second-generation EGFR-TKIs at a tertiary referral center between 2010 and 2019.
The pretreatment clinical characteristics and progression-free survival data were collected. Using COX proportional
hazard regression analysis, we constructed a nomogram based on seven clinically significant prognostic factors:
sex, Eastern Cooperative Oncology Group performance status, histology subtype, mutation subtype, stage, and me-
tastasis to the liver and brain. Our nomogram could stratify patients into three groups with different risks for disease
progression and was validated in a patient cohort from other hospitals. This risk stratification can provide additional
information for determining the optimal first-line treatment strategy for patients with EGFR-mutant NSCLC.
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Introduction

For patients with advanced non-small cell lung
cancer (NSCLC) harboring epidermal growth
factor receptor (EGFR) mutation [1], EGFR tyro-
sine kinase inhibitors (EGFR-TKIs) remain the
mainstay treatment, according to previous
phase lll studies [2-7]. A subsequent phase
3 FLAURA study further demonstrated the clini-
cal benefits of the third-generation EGFR-TKI
osimertinib in both progression-free survival
(PFS) and overall survival (0S) compared to

first-generation EGFR-TKIs [8, 9]. However, the
benefit of OS was not present in every sub-
group, especially in the subgroups of patients
with Asian ethnicity and exon 21 L858R substi-
tution [9]. In the Giotag study, sequential afa-
tinib and osimertinib provided a median PFS of
27.7 months and a median OS of 37.6 months
[10]. The OS was even longer in patients of
Asian ethnicity (44.8 months) [10]. These data
imply the importance of predicting acquired
resistance to T790M point mutations and sub-
sequent osimertinib use. According to the
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ARISE study, a longer duration of first-line ther-
apy with first- or second-generation EGFR-TKIs
could predict a higher occurrence rate of the
acquired T790M mutation during disease pro-
gression [11]. Thus, developing a strategy that
can prolong or predict the first-line treatment
efficacy is important.

Previous studies have demonstrated that the
presence of co-occurring mutations, including
TP53 mutations, Wnt/B-catenin alterations,
and CDK4/6 alterations, might interfere with
the treatment efficacy of first-line EGFR-TKIs
[12], necessitating more aggressive treatment.
Although next-generation sequencing can pro-
vide clues for treatment selection, its high cost
makes it difficult to apply in real-world settings.
A prediction model based on pretreatment clini-
cal characteristics may be more clinically
useful.

Recently, Chang et al. identified 11 indepen-
dent prognostic factors and established a
nomogram to stratify EGFR-mutant NSCLC
patients into different risk groups [13]. How-
ever, this study had only internal validation by
bootstrapping and lacked external validation.
Our study aimed to establish an externally vali-
dated nomogram for predicting PFS.

Materials and methods
Patients and data collection

Patients diagnosed with advanced-stage EGFR-
mutant NSCLC between January 2010 and
December 2019 were screened retrospective-
ly. Patients who received first-line treatment
with EGFR-TKIs in a tertiary referral center, the
National Cheng Kung University Hospital
(NCKUH), were enrolled as the derivation
cohort. Patients with other active malignancies
were excluded. Baseline characteristics, in-
cluding age, sex, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) score,
smoking history, histology subtype, stage, dis-
tant metastasis status, EGFR mutation sub-
type, and treatment selection of EGFR-TKIs,
were recorded in a standardized data collection
form.

To examine the generalizability of the nomo-
gram, external validation using an independent
patient cohort was also performed. Patients
with advanced-stage EGFR-mutant NSCLC who
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received first-line EGFR-TKIs from January 2016
to December 2017 at Chang Gung Memorial
Hospital (CGMH; Linkou, Chiayi, Kaohsiung,
and Keelung branches) were retrospectively
reviewed and enrolled as the validation cohort.
All enrolled patients had sufficient data to score
all variables in the established nomograms.
The present study was reviewed and approved
by the Review Board and Ethics Committee of
National Cheng Kung University Hospital (IRB
approval number: B-ER-109-043) and Chang
Gung Memorial Hospital (IRB approval number:
201901395B0C501). All data were anony-
mized according to approved guidelines and
the Declaration of Helsinki.

Treatment response

After the initiation of EGFR-TKIs, all patients
underwent regular examinations with comput-
ed tomography of the chest, whereas brain
magnetic resonance imaging and bone scan
were arranged based on clinical symptoms.
PFS, defined as the time from the initiation of
EGFR-TKI therapy to the radiological evidence
of disease progression, and 0S, defined as the
time from the initiation of EGFR-TKI therapy to
death, were assessed using the Kaplan-Meier
curve and compared using the log-rank test.

Statistical analysis

Continuous variables were compared using the
analysis of variance, Kruskal-Wallis test, and
independent sample t-test. Categorical vari-
ables were compared using Pearson’s chi-
square test or Fisher’s exact test. First, we per-
formed univariate analysis to identify potential
prognostic factors of PFS and OS according to
various pretreatment clinical characteristics.
Clinically significant prognostic factors were
then incorporated into multivariate Cox propor-
tional hazard regression analysis to assess the
multivariable relationships between predictors
and 6-, 9-, and 12-month PFS and OS rates.

Nomogram creation and statistical software

Based on the significant variables defined by
the multivariate COX regression analysis, no-
mograms were constructed using the R soft-
ware (R version 4.0.5, R Core Team, 2021, R
Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/) with
rms package. The validation of model perfor-
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Table 1. Baseline characteristics of the derivation and validation cohorts

Dataset
Characteristics Derivation/NCKUH External validation/CGMH p-Value
(N=761) (N=751)

Age (years), mean = SD 65.79 + 11.57 68.06 £ 11.79 <0.001
<65 371 (48.8%) 313 (41.7%) 0.006
> 65 390 (51.2%) 438 (58.3%)

Sex 0.533
Male 482 (63.3%) 464 (61.8%)
Female 279 (36.7%) 287 (38.2%)

ECOG-PS <0.001
0/1 657 (86.3%) 580 (77.2%)
2/3/4 104 (13.7%) 171 (22.8%)

Smoking <0.001
No 157 (20.6%) 573 (76.3%)
Yes 42 (5.5%) 158 (21.0%)
Unknown 562 (73.9%) 20 (2.7%)

Histology subtypes 0.009
Adenocarcinoma 728 (95.7%) 736 (98.0%)
Non-adenocarcinoma 33 (4.3%) 15 (2.0%)

EGFR mutation subtypes 0.956
Exon 19 deletion 342 (44.9%) 340 (45.3%)
L858R 379 (49.8%) 372 (49.5%)
Compound 16 (2.1%) 18 (2.4%)
Major uncommon 24 (3.2%) 21 (2.8%)

Stage 0.863
1 49 (6.4%) 50 (6.7%)
v 712 (93.6%) 701 (93.3%)

Liver metastasis 0.467
Yes 87 (11.4%) 95 (12.6%)
No 674 (88.6%) 656 (87.4%)

Brain metastasis 0.613
Yes 233 (30.6%) 239 (31.8%)
No 528 (9.4%) 512 (68.2%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PS, performance score;

SD, standard deviation.

mance was based on two main aspects: cali-
bration and discrimination. First, the calibration
curve was plotted to compare the nomogram-
predicted versus observed probability of sur-
vival, which was conducted by bootstrapping
through 1,000 bootstrap resamples internally
with the NCKUH derivation cohort and exter-
nally with the CGMH validation cohort [14].
Second, the discrimination measures of the
prediction model were evaluated using Harrell’s
C-index [15], Gonen and Heller's K statistic
[16], and Royston and Sauerbrei's D [17].
Furthermore, we investigated the discrimina-
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tive ability for risk stratification according to the
linear predictor derived from the nomogram
using recursive partitioning analysis (RPA), a
statistical methodology that creates a survival
analysis tree and establishes an optimal cut-off
point that better predicts disease progression
[18]. These discrimination factors refer to the
nomogram model’s ability to correctly distin-
guish the outcomes among different patient
subgroups by Kaplan-Meier analysis and com-
pared with the log-rank test. Statistical analy-
ses were conducted using the SPSS software
(IBM Corp. Released 2011. IBM SPSS Statistics
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Table 2. Univariate analysis of prognostic factors for progression-free survival

Total N of Events Median

Hazard

Parameter N (%) (Months) 95% Cl  p-Value Ratio 95% ClI p-Value
Age (years) 0.357
<65 371 342(92.2) 11.7 10.9-12.5 1
> 65 390 353(90.5) 12.4  10.9-13.9 0.932 0.804-1.082 0.357
Sex 0.015
Male 279 258 (92.5) 10.8 9.5-12.2 1.210 1.037-1.412 0.015
Female 482 437 (90.7) 12.4  11.2-13.7 1
ECOG-PS <0.001
0/1 657 596 (90.7) 12.3 11.2-13.3 1
2/3/4 104 99 (95.2) 7.8 6.0-9.5 1.692 1.366-2.096 < 0.001
Smoking 0.174
No 157 144 (91.7%) 13.3 11.2-15.5 1
Yes 42 40 (95.2%) 10.8 7.9-13.8 1.228 0.865-1.745 0.250
Unknown 562 511(90.9%) 11.8 10.9-12.7 1.188 0.986-1.432 0.070
Histology subtypes 0.002
Adenocarcinoma 728 663 (91.1) 12.2 11.3-13.0 1
Non-adenocarcinoma 33 32 (97.0) 6.8 4.1-9.6 1.739 1.219-2.482 0.002
EGFR mutation subtypes 0.042
Exon 19 deletion 342 311(90.9) 12.0 10.9-13.1 0.552 0.361-0.843 0.006
L858R 379 348(91.8) 12.2  10.8-13.6 0.549 0.360-0.838 0.005
Compound 16 13 (81.2) 13.3 9.5-17.0 0.523 0.265-1.035 0.063
Major uncommon 24 23 (95.8) 5.9 4.7-71 1
Stage <0.001
1l 49 36 (73.5) 29.6 16.7-425 1
% 712 659 (92.6) 11.8 11.1-125 2.154 1.536-3.022 < 0.001
Liver metastasis <0.001
Yes 87 85 (97.7) 8.4 7.89.1 2.179 1.726-2.751 <0.001
No 674 610 (90.5) 125 11.4-13.6 1
Brain metastasis <0.001
Yes 233 219 (94.0) 10.7 9.5-12.0 1.369 1.165-1.609 < 0.001
No 528 476 (90.2) 12.6  11.3-13.8 1

Abbreviations: Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PS,

performance score.

for Windows, version 20.0. Armonk, NY, USA:
IBM Corp.). All p values were two-sided, and
statistical significance was set at P < 0.05.

Results
Patient characteristics

After enroliment, 761 patients with treatment-
naive EGFR-mutant advanced-stage NSCLC
were enrolled in the derivation cohort, and 751
patients with treatment-naive EGFR-mutant
advanced-stage NSCLC from CGMH were
enrolled in the validation cohort. As summa-
rized in Table 1, the baseline clinical character-
istics of the two groups were comparable. The
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patients in the derivation cohort were signifi-
cantly younger (65.8 £+ 11.6 versus 68.1 +
11.8, P < 0.001) and had better performance
status than those in the validation cohort. Most
patients in the present study had histologi-
cally confirmed lung adenocarcinoma. Other
characteristics, including sex, EGFR mutation
subtypes, stage, presence of liver metastasis,
and presence of brain metastasis, were com-
parable between the two cohorts.

Influence of clinical variables on PFS
Univariate analysis of the possible prognostic

factors revealed that PFS was statistically dif-
ferent among patients of different sexes (male
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Table 3. Multivariate analysis of prognostic variables associated with progression-free survival

Prognostic Variable Adjusted Hazard Ratio 95% Cl p-Value  Points Assigned in Nomogram
Lower Upper
Sex
Male 1.228 1.051 1.435 0.010 32
Female 1 0
ECOG-PS
0/1 1 0
2/3/4 1.463 1.174 1.825 <0.001 59
Histology subtypes
Adenocarcinoma 1 0
Non-adenocarcinoma 1.741 1.215 2.493 0.002 85
EGFR mutation subtypes
Exon 19 deletion 0.591 0.384 0.908 0.016 18
L858R 0.594 0.387 0.911 0.017 18
Compound 0.527 0.266 1.045 0.066 0
Major uncommon 1 99
Stage
1B 1 0
vV 1.906 1.351 2.688 <0.001 99
Liver metastasis
Yes 1.915 1.509 2.430 <0.001 100
No 1 0
Brain metastasis
Yes 1.201 1.015 1.420 0.033 28
No 1 0

Abbreviations: Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PS,

performance score.

vs. female, P = 0.015), PS (0/1 vs. 2/3/4, P <
0.001), histology subtypes (adenocarcinoma
vs. non-adenocarcinoma, P = 0.002), EGFR
mutation subtypes (L858R vs. exon 19 dele-
tion vs. compound vs. major uncommon, P =
0.042), stage (llIB vs. IV, P < 0.001), presence
of liver metastasis (P < 0.001), and presence of
brain metastasis (P < 0.001) (Table 2).

After incorporation of all prognostic factors into
the univariate Cox proportional hazard regres-
sion models, seven variables were selected as
prognostic factors, including sex (male vs.
female, adjusted hazard ratio [AHR]: 1.210,
95% confidence interval [CI]: 1.037-1.412, P =
0.015), PS (2/3/4 vs. O/1, AHR: 1.692, 95%
Cl: 1.366-2.096, P < 0.001), histology sub-
type (non-adenocarcinoma vs. adenocarcino-
ma, AHR: 1.739, 95% Cl: 1.219-2.482, P =
0.002), EGFR mutation subtype (exon 19 dele-
tion vs. major uncommon, AHR: 0.552, 95% ClI:
0.361-0.843, P = 0.006; L858R vs. major
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uncommon, AHR: 0.549, 95% Cl: 0.360-0.838,
P = 0.005; compound vs. major uncommon,
AHR: 0.523, 95% CI: 0.265-1.035, P = 0.063),
stage (IV vs. llIB, AHR: 2.154, 95% CI: 1.536-
3.022, P < 0.001), presence of liver metastasis
(AHR: 2.179, 95% Cl: 1.726-2.751, P < 0.001),
and presence of brain metastasis (AHR: 1.369,
95% Cl: 1.165-1.609, P < 0.001) (Table 2).

Establishment of a prognostic nomogram
based on pretreatment variables

After incorporating all the seven significant
prognostic factors into the multivariate analy-
sis, seven variables were found to be indepen-
dent prognostic factors for PFS (Table 3). To
construct the prognostic nomogram, seven
predictors (P < 0.05) derived from the multivari-
ate analysis were incorporated to establish a
nomogram (Figure 1). The risk score assigned
for each predictor is shown in Table 3, including
sex (male: 32 points; female: O point), ECOG-PS

Am J Cancer Res 2023;13(9):4208-4221
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Figure 1. Predictive Nomogram for PFS. Nomogram based on the probability of progression-free survival using the
Cox proportional hazard regression model from 761 patients with EGFR mutation-positive non-small cell lung can-
cer. EGFR, epidermal growth factor receptor; PFS, progression-free survival.

(0-1: O point; 2-4: 59 points), histologic subtype
(adenocarcinoma: O point; non-adenocarcino-
ma: 85 points), EGFR mutation subtype (exon
19 deletion: 18 points; L858R: 18 points; com-
pound: O point; major uncommon: 99 points),
stage (IlIB: O point; IV: 99 points), presence of
liver metastasis (100 points), and presence of
brain metastasis (28 points). The total risk
scores of the individuals ranged from O to 538.

The 6-, 9-, and 12-month PFS were estimated
according to the linear predictor based on
nomogram-derived total points (Table 4 and
Figure 1). Higher nomogram scores were asso-
ciated with lower PFS rates. The calibration
plots presented an excellent agreement for
the 6-, 9-, and 12-year PFS in both the deriva-
tion (Figure 2A-C) and validation cohorts (Fig-
ure 2D-F). The C-index was 0.611 (95% CI:
0.600-0.622) and 0.606 (95% CI: 0.593-
0.619) when comparing nomogram-predicted
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outcomes with the actual observed outcom-
es in the derivation and validation cohorts,
respectively (Table 5). Other discrimination
measures, including Gonen and Heller's K
(0.597 vs. 0.590) and Royston and Sauerbrei’'s
D (0.608 vs. 0.548), were also similar between
the derivation and validation cohorts (Table 5).

Risk stratification by the nomogram for PFS

Based on the identified multiple variables, we
used RPA to classify patients into five homoge-
nous prognostic groups through a linear predic-
tor for the best prediction of the risk of tumor
progression (Figure 3). However, upon further
analysis, we found that three of these groups
had similar survival outcomes. As a result, we
merged the three groups into one, resulting in a
final classification of three homogenous prog-
nostic groups: low-risk, intermediate-risk, and
high-risk (Figure 3). The Kaplan-Meier curve for
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Table 4. The prognostic scoring system
Nomogram Points Probability of 6-Month PFS

333 0.50
286 0.60
231 0.70
159 0.80
43 0.90
Nomogram Points Probability of 9-Month PFS
359 0.20
314 0.30
272 0.40
229 0.50
182 0.60
127 0.70
55 0.80
Nomogram Points  Probability of 12-Month PFS
343 0.10
288 0.20
243 0.30
201 0.40
158 0.50
111 0.60
56 0.70

Abbreviations: PFS, progression-free survival.

PFS according to risk subgroups in the NCKUH
derivation cohort is shown in Figure 4, demon-
strating that patients in different risk sub-
groups had significant differences in the risk of
disease progression (Figure 4 and Table 5).
Finally, the cut-off point of the linear predictor
was transformed into the relevant nomogram
scores. A total of 167 patients were catego-
rized into the high-risk group (total points: >
202, median PFS: 8.0 months), 550 into the
intermediate-risk group (total points: 79-202,
median PFS: 13.1 months), and 44 into the
low-risk group (total points: 0-78, median PFS:
30.2 months) (Figure 4). This result was fur-
ther validated using the CGMH cohort. The
PFS analyzed using the Kaplan-Meier method
also revealed significantly different prognoses
among patients who received first-line EGFR-
TKIs (Figure 5 and Table 5).

Risk stratification by the nomogram for OS

Adopting a similar approach to that used to
establish the nomogram for PFS, we identified
seven prognostic factors for OS through univari-
ate and multivariate analyses (Supplementary
Tables 1, 2). Subsequently, we built a prognos-
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tic nomogram for OS (Supplementary Table 3

and Supplementary Figure 1) that exhibited
strong model performance, as evidenced by

discrimination measures, such as Harrell's
C-index, Gonen and Heller’'s K, and Royston &
Sauerbrei’s D (Supplementary Table 4). Addi-
tionally, the calibration plots showed accurate
calibration of the nomogram (Supplementary
Figure 2). Using RPA, we categorized patients
into four distinct prognostic groups based on a
linear predictor for the most accurate estima-
tion of death risk (Supplementary Figure 3).

Supplementary Figure 4 illustrates the Kaplan-
Meier curve for OS, stratified by risk subgroups
within the NCKUH derivation cohort. The curve
shows notable disparities in death risk among
patients from various risk subgroups (Supple-
mentary Figure 4 and Supplementary Table 4).
The cut-off point for the linear predictor was
transformed into the relevant nomogram
scores. A total of 197 patients were catego-
rized into the very high-risk group (total points:
> 136, median 0S: 14.9 months), 47 into the
high-risk group (total points: 112-136, median
0S: 19.7 months), 502 into the intermediate-
risk group (total points: 31-112, median OS:
33.4 months), and 15 into the low-risk group
(total points: 0-31, median OS: 85.2 months)
(Supplementary Figure 4). The robustness of
these findings was validated in the CGMH
cohort (Supplementary Figure 5 and Supple-
mentary Table 4).

Discussion

In the present study, a nomogram based on
pretreatment characteristics was established
to predict PFS among patients with EGFR-
mutant advanced-stage NSCLC who received
first-line EGFR-TKIs. Eight parameters were
used: sex, ECOG-PS, histology subtypes, EGFR
mutation subtypes, stage, choice of firstline
EGFR-TKIs, presence of liver metastasis, and
presence of brain metastasis. This nomogram
can be easily used by clinicians to predict the
6-, 9-, and 12-month PFS rates and stratify
patients into different risk groups. In addition
to internal bootstrapping validation, this nomo-
gram performed well in external validation, indi-
cating that this stratification could help clini-
cians better evaluate the optimal therapeutic
options before the initiation of EGFR-TKIs.

Different metastatic sites may confer distinct
prognoses and influence the response to EGFR
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Table 5. Discrimination measures and hazard ratios evaluated between two datasets

L NCKUH derivation cohort CGMH validation cohort

Measures of discrimination - -
Estimate SE Estimate SE

Harrell’'s C-index 0.611 0.011 0.606 0.013
Gonen and Heller's K 0.597 0.010 0.590 0.010
Royston & Sauerbrei’s D 0.608 0.065 0.548 0.069
Prognostic groups® Hazard ratio 95% Clof HR  p-Value Hazard ratio 95% Cl of HR  p-Value
Low risk® 1 1
Intermediate risk 2.099 1.456-3.026 < 0.001 1.815 1.235-2.666  0.002
High risk 4,412 2.978-6.536 < 0.001 3.424 2.285-5.132 < 0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; SE, standard error. "NCKUH Prognostic group was categorized using
recursive partitioning analysis (RPA) to establish optimal cutoff points by Cox’s model. °reference category.
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Figure 3. Survival analysis tree. A survival analysis tree was used to establish an optimal cutoff point to better pre-
dict disease progression.

TKI. Brain metastasis is a well-known poor which might be associated with drug resistance
prognostic factor in patients with NSCLC [19]. It to EGFR-TKIs. Consistent with these studies,
was also a predictor of a higher risk in our pre- the presence of liver metastasis was the stron-
diction model. Liver involvement appears in gest variable with the highest scores (100
10-20% of the patients and is a significant points) in our prediction model and was associ-
poor prognostic factor for patients with EGFR- ated with shorter PFS when receiving first-line
mutant NSCLC [20, 21]. The hepatic immune EGFR-TKIs [23].

microenvironment could promote the survival

of lung adenocarcinoma cells via the METTL3- Unlike common EGFR mutations, uncommon
activated YAP1/TEAD signaling pathway [22], EGFR mutations, such as G719X, S768I, or
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Figure 4. Kaplan-Meier curve of progression-free survival (PFS) in NCKUH cohort. Kaplan-Meier curve for PFS in the
NCKUH derivation cohort according to risk groups. Cl, confidence interval.

L861Q, would cause P-loop and «C-helix com-
pression of the ATP-binding pocket in the kinase
domain of EGFR, which affects the binding
affinity of first-generation EGFR-TKIs, deterio-
rating its efficacy [24]. In our study, the pres-
ence of a major uncommon mutation was an
important poor prognostic factor (94 points,
third highest), which is consistent with the
results of previous studies. In a subgroup of
NSCLC patients with uncommon EGFR muta-
tions, afatinib demonstrated promising PFS in a
combined post-hoc analysis of LUX-Lung 2,
LUX-Lung 3, and LUX-Lung 6 [25]. A subse-
quent real-world study further revealed that
afatinib could achieve a superior PFS compared
with gefitinib or erlotinib [26-28]. However, a
previous study that used a nomogram to pre-
dict PFS did not include uncommon EGFR
mutations [13, 29]. To the best of our knowl-
edge, our nomogram is the first prediction
model to include patients with uncommon
EGFR mutations.
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In recent decades, a growing number of studies
have established nomograms for predicting
survival outcomes in patients with EGFR-mut-
ant NSCLC. Keam et al. developed a nomogram
to predict survival outcomes in patients with
EGFR-mutant NSCLC [30]. However, not all
enrolled patients received first-line EGFR-TKIs.
In addition, the prediction model included
tumor response as a prognostic factor, which is
difficult to detect before the initiation of EGFR-
TKls [30]. Chen et al. collected data from
13,043 patients with advanced adenocarcino-
ma to develop a nomogram for predicting
1-year and 2-year survival probabilities [31].
Although the sample size was large, the study
included patients with and without EGFR muta-
tions. Furthermore, the prognostic factors
selected in patients with EGFR-mutant NSCLC
did not specify the subtype of EGFR mutation
or the choice of first-line EGFR-TKIs [31].
Another study by Chang et al. created a nomo-
gram that included 2190 EGFR-mutant NSCLC
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Figure 5. Kaplan-Meier curve of progression-free survival (PFS) in CGMH cohort. Kaplan-Meier curve for PFS in the
CGMH validation cohort according to risk groups. Cl, confidence interval.

patients and had good performance in risk
stratification [13], but rare EGFR mutations
were not included in the prediction model, and
the model did not undergo external validation.
In the present study, we established a homo-
gram that comprised both common and un-
common EGFR mutations and showed good
performance after internal and external valida-
tion. Moreover, this study represents the first
attempt to establish a nomogram for predicting
OS in patients with metastatic NSCLC harbor-
ing EGFR mutations.

Our study has several limitations. First, a nomo-
gram was built based on retrospective analy-
sis. However, all prognostic variables included
in the present study were objective outcomes.
Regarding the survival outcome, all patients
received regular imaging examinations based
on the reimbursement criteria in Taiwan, which
could detect disease progression in a time-
dependent manner. Second, the third-genera-
tion EGFR-TKI osimertinib was not included in

4218

this study. Although the FLAURA trial demon-
strated better PFS and OS for osimertinib com-
pared with first-generation EGFR-TKIs [8, 9], the
OS benefit was insignificant in the Asian popu-
lation. In addition, no prospective trials have
compared the treatment efficacy of second-
and third-generation EGFR-TKIs. Furthermore,
the real-world study Giotag [10] demonstrated
excellent outcomes of sequential EGFR-TKI
use, and another CJLSG1903 study [32] re-
vealed that afatinib performed better in certain
subgroups. First-line therapy with first- or sec-
ond-generation EGFR-TKIs still plays an impor-
tant role in the Asian population.

In conclusion, we established a nomogram
with external validation for predicting PFS
among patients with EGFR-mutant NSCLC
based on pretreatment clinical characteristics.
This nomogram could help clinicians predict
the risk of progression and administer individu-
alized treatment regimens to improve survival
outcomes.

Am J Cancer Res 2023;13(9):4208-4221
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Supplementary Table 1. Univariate analysis of prognostic factors for overall survival

Total N of Events Median Hazard

Parameter N %) (Months) 95% Cl  p-Value Ratio 95% ClI p-Value
Age (years) 0.173
<65 371 288(77.6) 28.4 25.1-31.6 1
> 65 390 299 (76.7) 24.5 20.6-28.4 1119 0.952-1.316 0.173
Sex 0.001
Male 279 227 (81.4) 22.4 19.7-25.1 1.322 1.119-1.562 0.001
Female 482 360 (74.7) 30.0 26.8-33.2 1
ECOG-PS <0.001
0/1 657 491 (74.7) 30.0 27.3-32.7 1
2/3/4 104 96 (92.3) 12.7 9.2-16.2 2.674 2.141-3.339 <0.001
Smoking 0.060
No 157 118 (75.2%) 31.2 22.7-39.8 1
Yes 42 32 (76.2%) 24.5 16.0-33.0 1.606 0.717-1.567 0.771
Unknown 562 437 (77.8%) 26.1 23.3-28.9 1.267 1.032-1.555 0.024
Histology subtypes <0.001
Adenocarcinoma 728 556 (76.4) 27.7 25.1-30.4 1
Non-adenocarcinoma 33 31(93.9) 12.8 6.3-19.4 2114 1.471-3.038 <0.001
EGFR mutation subtypes 0.180
Exon 19 deletion 342 254 (74.3) 26.8 23.3-30.3 0.611 0.391-0.953 0.030
L858R 379 301 (79.4) 28.1 24.4-31.7 0.650 0.417-1.012 0.057
Compound 16 11 (68.7) 23.5 0.1-62.1 0.623 0.300-1.294 0.205
Major uncommon 24 21 (87.5) 15.2 7.4-23.0 1
Stage 0.003
I 49 30 (61.2) 45.7 22.8-68.7 1
1% 712 557 (78.2) 26.1 23.6-28.6 1.749 1.211-2.528 0.003
Liver metastasis <0.001
Yes 87 80 (92.0) 15.7 13.7-17.7 2.232 1.755-2.838 <0.001
No 674 507 (75.2) 29.2 26.6-31.8 1
Brain metastasis 0.001
Yes 233 189 (81.1) 22.0 18.2-25.9 1.342 1.128-1.597 0.001
No 528 398 (75.4) 29.4 26.2-32.6 1

Abbreviations: Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PS,
performance score.
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Supplementary Table 2. Multivariate analysis of prognostic variables associated with overall survival

. . Adjusted hazard 95% CI Points Assigned in
Prognostic Variable ratio Lower Upper p-Value Nomogram
Sex

Male 1.332 1.126 1.575 <0.001 31

Female 1 0
ECOG-PS

0/1 1 0

2/3/4 2.520 2.005 3.168 <0.001 100
Histology subtypes

Adenocarcinoma 1 0

Non-adenocarcinoma 1.833 1.271 2.642 0.001 66
EGFR mutation subtypes

Exon 19 deletion 0.681 0.434 1.066 0.093 31

L858R 0.716 0.458 1.120 0.143 36

Compound 0.512 0.245 1.071 0.075 0

Major uncommon 1 72
Stage

1B 1 0

\% 1.445 0.994 2.102 0.054 40
Liver metastasis

Yes 2.034 1.588 2.603 <0.001 77

No 1 0
Brain metastasis

Yes 1.129 0.941 1.356 0.191 13

No 1 0

Abbreviations: Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PS,
performance score.

Supplementary Table 3. The prognostic scoring system

Nomogram Points Probability of 6-Month OS
268 0.70
218 0.80
137 0.90
59 0.95
Nomogram Points Probability of 9-Month OS
284 0.50
251 0.60
212 0.70
161 0.80
80 0.90
2 0.95
Nomogram Points Probability of 12-Month OS
303 0.30
274 0.40
243 0.50
210 0.60
172 0.70
121 0.80
40 0.90

Abbreviations: OS, overall survival.
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Supplementary Figure 1. Predictive Nomogram for overall survival (OS). Nomogram based on the probability of OS
using the Cox proportional hazard regression model from 761 patients with EGFR mutation-positive non-small cell
lung cancer. EGFR, epidermal growth factor receptor.

Supplementary Table 4. Discrimination measures and hazard ratios evaluated between two datasets

. NCKUH derivation cohort CGMH validation cohort

Measures of discrimination - -
Estimate SE Estimate SE

Harrell’s C-index 0.643 0.012 0.636 0.013
Gonen and Heller's K 0.617 0.010 0.617 0.010
Royston & Sauerbrei’s D 0.789 0.073 0.788 0.073
Prognostic groups® Hazard ratio 95% Clof HR p-Value Hazard ratio 95% Cl of HR  p-Value
Low risk® 1 1
Intermediate risk 3.384 1.399-8.183  0.007 3.405 1.269-9.136  0.015
High risk 6.318 2.486-16.054 < 0.001 4.712 1.697-13.087 0.003
Very high risk 9.676 3.968-23.594 < 0.001 8.366 3.107-22.526 < 0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; SE, standard error. "NCKUH Prognostic group was categorized using
recursive partitioning analysis (RPA) to establish optimal cutoff points by Cox’s model. °reference category.
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Supplementary Figure 2. Internal and external calibration curves. These show nomogram-predicted and actually observed OS. A. Internal calibration for 6-month
0S. B. Internal calibration for 9-month OS. C. Internal calibration for 12-month OS. D. External calibration for 6-month OS. E. External calibration for 9-month OS. F.
External calibration for 12-month 0S. OS, overall survival.
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Supplementary Figure 3. Survival analysis tree. A survival analysis tree was used to establish an optimal cutoff
point to better predict overall survival.



Predictive model to estimate survival in EGFR-mutant NSCLC patients

Strata ~+ Low risk —~+ Intermediate risk ~+ High risk =+ Very high risk

1.00 1
Survival rate (20)
Risk Total ~ No.of  pregian (9500 CT)
no. event (20) 9-mo 12-mo  24-mo
e 075 Low 15 5(333)  85.2(84.3-86.0) 100 100 933 93.3
S ' Intermediate 502 360 (7L7) | 334 (294-37.3) 954 918 88.6 64.7
= High 47 39(83.0) | 197(125-268) 894 743 67.8 436
g_ Very high 197 183(929) | 149(127-172) 797 710 59.8 257
© .
2 050 i-mesmenes b - p <0.0001
3 ' '
o ; :
s - :
[ HE H
> . " )
o 0.251 o ;
0.00 L : il !
0 12 24 36 48 60 72 84 96 108 120 132 144
Time (months)
Number at risk
Low risk 15 14 14 1 8 8 6 5 2 1 0 0 0
g Intermediate risk 502 442 317 199 136 96 67 46 27 13 6 1 0
n 47 31 19 1 4 4 2 1 1 0 0 0 0
Very high risk 197 117 47 24 10 5 4 2 2 1 0 0 0
0 12 24 36 48 60 72 84 96 108 120 132 144

Time (months)

Supplementary Figure 4. Kaplan-Meier curve of overall survival (OS) in NCKUH cohort. Kaplan-Meier curve for OS in
the NCKUH derivation cohort according to risk groups. Cl, confidence interval.
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Supplementary Figure 5. Kaplan-Meier curve of overall survival (OS) in CGMH cohort. Kaplan-Meier curve for overall
survival in the CGMH validation cohort according to risk groups. Cl, confidence interval.



