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Background: Older patients with non-small cell lung cancer (NSCLC) are often not prescribed standard therapy. It
is important to know which older patients would be candidates for aggressive therapy based on their prognosis,
and to develop a model that can help determine prognosis.

Methods: Data on older patients (>70 years) enrolled on 38 NCI cooperative group trials of advanced NSCLC from
1991 to 2011 were analyzed. Multivariable Cox PH model was built with a stepwise selection. We derived a prog-

’lfgm; ‘thslc models nostic score using the estimated Cox PH regression coefficient. We then calculated the area under receiver oper-
01d§r patients ating characteristic (ROC) curve of survival in the testing set.
Survival Results: The final analysis included 1467 patients, who were randomly divided into a training (n = 963) and a

testing set (n = 504). The prognostic risk score was calculated as: 3 (if male) + 3 (if PS = 1) + 8 (if PS = 2)
+ 11 (if initial stage = IV) + 4 (if weight loss). Patients were classified into two prognostic groups: good
(0-8) and poor (>9). The median survival in the two groups in the testing set were 13.15 (95% CI, 10.82-
15.91) and 8.52 months (95% CI, 7.5-9.63), respectively. The model had area under the 1-year and 2-year
ROCs (0.6 and 0.65, respectively) that were higher than existing models.

Conclusions: Male gender, poor performance status, distant metastases and recent weight loss predict for poor
overall survival (OS) in older patients with advanced NSCLC. This study proposes a simple prognostic model
for older adults with advanced NSCLC.

Non-small cell lung cancer
Geriatric oncology

© 2019 Published by Elsevier Ltd.

1. Introduction

Lung cancer is the second-most common malignancy and the
leading cause of cancer-related death in the United States, estimated
to account for 228,150 new cases and 142,670 deaths in 2019 [1].
According to recent available estimates, 60% of patients with lung
cancer are 65 years of age or older at diagnosis making this a significant
burden in older patients [2]. Despite recent advances in the understand-
ing of the biology of lung cancer, patients with advanced lung cancer
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usually die of their disease. Median survival of patients with advanced
lung cancer is currently estimated to be about thirteen months with
the possibility of some improvement once the currently ongoing immu-
notherapy trials mature [3].

However, the majority of evidence used in treatment of older pa-
tients with non-small cell lung cancer (NSCLC) is based on data from
younger patients because of the lack of good quality evidence specific
to them [4,5]. Older patients are often not prescribed standard therapy
despite evidence that older patients with good performance status re-
spond to chemotherapy just as well as young patients [6-8]. One con-
cern is that older patients do not tolerate chemotherapy well and have
an increased incidence of adverse events [9]. Due to multiple competing
causes of death, older patients often do not demonstrate a benefit in
overall survival even though they may have similar progression survival
benefit as younger patients in the same trial [10].
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Given these, it is important to know which older patient would actu-
ally be candidates for aggressive therapy based on their prognosis.
The currently available models can help determine clinical prognosis,
but were not developed specifically for older patients [11,12]. The
Mandrekar analysis included 1053 patients with advanced NSCLC
from nine North Central Cancer Treatment Group trials [11]. They
found that performance status, body mass index (BMI), disease stage,
hemoglobin level and white blood cell (WBC) count were significant
prognostic factors for overall survival. The Blanchon study evaluated
the four year mortality of 4669 patients with NSCLC [12]. The final prog-
nostic model included age, sex, performance status (reduced activity,
active > 50%, inactive > 50% and total incapacity), histological type and
stage. Only 34% of patients in the Blanchon study were > 70 years of
age [12] and 46% of patients in the Mandrekar study were 65 years or
older [11].

While comprehensive geriatric assessment (CGA) is emerging to be
a promising tool to predict this, it still needs validation in prospective
randomized clinical trials [13,14]. Moreover, the CGA may not always
be possible to administer in a busy clinical practice. Hence, it is impor-
tant to develop a simple prognostic model that can help clinicians deter-
mine individual prognosis and thereby determine the best treatment
option. This analysis evaluates older patients with newly diagnosed ad-
vanced non-small cell lung cancer enrolled onto National Cancer Insti-
tute (NCI) Cooperative group trials.

2. Patients and Methods

This study was approved by Duke University Institutional Review
Board. We identified 38 treatment trials of advanced non-small cell
lung cancer from 1990 to 2011 conducted by NCI-sponsored coopera-
tive groups (CALGB, ECOG, NCCTG, RTOG, SWOG) (Supplementary
Table S1). The final analysis cohort consisted of enrolled 1467 patients
270 years of age, with advanced non-small cell lung cancer. This age
was chosen on the basis of the median age at diagnosis for lung cancer
[15]. The primary endpoint overall survival (OS) was defined as the
time between random assignment or registration and death resulting
from any cause. Progression-free survival was defined as the time inter-
val between random assignment or registration and progression or
death, whichever came first. Survival endpoints were considered
right-censored if patients were alive or lost-to-follow-up at the time
of last follow-up.

2.1. Statistical Analysis

We randomly split our cohort into a training set (two thirds) and a
testing set. The baseline characteristics of the training and testing sets
were compared using chi-square tests. Multivariable Cox proportional
hazards (PH) model was built with a backward stepwise procedure
with alpha = 0.05 as inclusion criterion. Predictors used were age,
sex, race, performance status, initial stage, and weight loss in the past
3/6 months. A weight loss of >5% in the preceding 3 months or > 10%
in the preceding 6 months were considered as weight loss for this
analysis.

For ease of use, we defined a prognostic score that is calculated using
the estimated Cox PH regression coefficient divided by log [2] and mul-
tiplied by ten rounded to the nearest integer. To assess the performance
of our prognostic model, we calculated the c-index for survival times
and the area under receiver operating characteristic (ROC) curve of
one and two year survival in the testing set. The 95% confidence inter-
vals for these statistics were obtained using bootstrapping. Our prog-
nostic model was compared to PS only model and two existing
models, Blanchon et al. (B model) and Mandrekar et al. (M model).

The overall survival by the two risk groups was reported in the form
of median and its 95% confidence interval (CI) and plotted using Kaplan-
Meier method. Two-sided tests with a P-value <.05 were considered sta-
tistically significant. SAS and R software were used for data analysis.

3. Results

We reviewed records of 2823 patients with advanced non-small cell
lung cancer, aged >70 years, who were enrolled in 71 NCI-sponsored co-
operative group clinical trials between 1990 and 2011. After excluding
patients who had missing information, the final analysis included
1467 patients. The CONSORT diagram is shown in Fig. 1. These patients
were randomly divided into a training set (n = 963) and a testing set
(n = 504). The two cohorts were similar in all characteristics, except
performance status (PS) and weight loss. The testing set had a higher
proportion of patients with PS 1 (66.3% vs. 56.8%) and a higher propor-
tion of patients who had not lost weight (72.6% vs. 67.4%) (Table 1).

On multivariable analysis, performance status, initial stage (IIIB vs.
IV) and weight loss immediately prior to diagnosis were predictive
of overall survival and were assigned a weighted score (Table 2). The
prognostic risk score was calculated using the following formula: 5 (if
PS = 1) + 11 (if PS = 2) + 4 (if initial stage = ‘IV’) + 5 (if weight loss
= ‘Yes’). Based on these variables, patients were classified into two
groups: good prognosis (0-8 points) and poor prognosis (=9 points).

The median OS in the two groups in the training set were as follows:
good prognosis — 11.77 months (95% CI, 10.92, 13.70 months) and poor
prognosis - 6.21 (95% CI, 5.59, 7.50 months) (Table 3, Fig. 2a). These
findings were validated in the testing set where the findings were sim-
ilar: good prognosis — 13.15 months (95% CI, 10.82, 15.91 months) and
poor prognosis - 8.52 (95% CI, 7.50, 9.63 months) (Table 3, Fig. 2b). The
area under the 1-year and 2-year ROC and the c-index observed in the
training and testing cohorts are shown in Table 4.

The present model was then compared to the currently existing
prognostic models for advanced non-small cell lung cancer, namely
the Blanchon and Mandrekar models (Supplemental Tables S2 and
S3). Despite a lower number of variables in the present model and the
simplicity of estimation, the present model had a better area under
the 1-year and 2-year ROC than both models; the c-index was better
than the Mandrekar model and similar to the Blanchon model (0.59
vs. 0.56 and 0.59 respectively) (Supplementary Table S4).

4. Discussion

This study proposes a simple prognostic model for older adults with
advanced NSCLC based on basic clinical characteristics that are part of
the evaluation process for every patient with NSCLC, such as perfor-
mance status, stage and weight loss immediately prior to diagnosis.
The key advantage of this model over existing models is that it is devel-
oped exclusively from an older patient cohort, unlike the existing
models that included patients of all ages. Thus, our model overcomes

2823 advanced stage
(IIB/IV) NSCLC cases
with age >=70

-71 trials

1356 missing data for
either survival time,

» | survival status, sex,
race, ethnicity,
v ps status, bmi or
weight loss indicator

1467 complete cases

v v

963 included in 504 included in
model training model training
-23 trials included -15 trials included

Fig. 1. Consort diagram.
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Table 1
Baseline characteristics of enrolled older patients with advanced NSCLC in training and
testing cohorts.

Training (N = 963) Testing (N = 504)

Table 3
Median OS of two risk groups of the developed model in training and testing cohorts.

Risk strata N (%) Median OS in months

(95%C.L.)

Number of event

N (%) N (%) P
Age group 0.410
70-74 583 (60.54) 317 (62.90)
75+ 380 (39.46) 187 (37.10)
Sex 0.836
Male 322 (33.44) 172 (34.13)
Female 641 (66.56) 332 (65.87)
Race group 0.422
White 881 (91.48) 467 (92.66)
Black 67 (6.96) 27 (5.36)
Others 15 (1.56) 10 (1.98)
Ethnicity 0.979
Non-Hispanic 948 (98.44) 497 (98.61)
Hispanic 15 (1.56) 7 (1.39)
Performance Status <0.001
0 336 (34.89) 153 (30.36)
1 547 (56.80) 334 (66.27)
2 80 (8.31) 17 (3.37)
Initial stage 0.331
1B 441 (45.79) 245 (48.61)
v 522 (54.21) 259 (51.39)
Body Mass Index 0.803
Healthy 390 (40.50) 214 (42.46)
Underweight 52 (5.40) 23 (4.56)
Overweight 370 (38.42) 186 (36.90)
Obese 151 (15.68) 81 (16.07)
5/10% weight loss in the 0.046
past 3/6 months
No 649 (67.39) 366 (72.62)
Yes 314 (32.61) 138 (27.38)

some of the drawbacks of existing models on the applicability to older
patients.

There have been a number of studies that have studied the signifi-
cance of different patient and tumor factors in determining prognosis
of NSCLC patients. In a review summarizing the literature on this sub-
ject, Brundage et al. reviewed 887 articles evaluating 169 tumor- or
host-related prognostic factors [16]. The median number of patients
enrolled per study was 120 and the median number of 4 factors were
identified as being significant in a multivariate analysis. They concluded
that these studies were underpowered and heterogeneous in their
conclusions.

Two models were subsequently developed to predict outcomes in
NSCLC. The Mandrekar model included data from over 1000 patients
to develop an equation that provided overall survival estimates at dif-
ferent time points following the diagnosis [11]. The variables included
in this model were performance status, body mass index, hemoglobin
level and WBC counts prior to treatment. The Blanchon model included
approximately 4500 patients of all ages and all stages of NSCLC to

Table 2
Multivariate Cox's regression analysis for overall survival of enrolled older patients with
advanced NSCLC in training cohort.

Regression P Hazard ratio (95% CI) Point

coefficient score

Performance status

0 0 1 0

1 0.331 <0.001 1.39(1.21,1.61)

2-3 0.735 <0.001 2.08 (1.61, 2.69) 11
Initial stage

1B 0 1 0

v 0.273 <0.001 1.31(1.15,1.50) 4
5/10% weight loss in the

past 3/6 months

No 0 1 0

Yes 0.355 <0.001 1.43(1.24,1.64) 5

Training cohort
1 (0-8 points)
2 (9+ points)
Testing cohort
1 (0-5 points)
2 (9+ points)

452 (46.94) 412
511(53.06) 497

11.77 (10.92, 13.70)
6.21 (5.59, 7.50)

254 (50.40) 236
250 (49.60) 248

13.15 (10.82, 15.91)
8.52 (7.50, 9.63)

0S - Overall Survival.
CI - Confidence Interval.

develop a score that predicted for 4 year mortality [12]. The final score
was calculated based on age, sex, performance status at diagnosis, histo-
logical type and stage. The patients were classified into six prognostic
subgroups. In contrast to these two models, the main advantage of the
present model is its simplicity. This model developed from almost
1500 patients, includes performance status, stage and weight loss to
divide older patients into two prognostic subgroups.

The inclusion of these variables itself is not surprising, as multiple
studies have shown that these factors are individual prognostic markers
in lung cancer. In an analysis of the international staging database of the
International Association for the Study of Lung Cancer, Sculier et al. an-
alyzed records of 12,428 patients [17]. Similar to the findings of the
present analysis, they found that male gender was associated with an
increased risk of death, after adjusting for clinical stage, age, PS, and his-
tology (HR - 1.17,95% CI, 1.11, 1.23; p < .001).

Performance status is a well-recognized independent prognostic
marker in lung cancer. In the aforementioned analysis, patients with
ECOG PS 1, 2 and 3-4 did significantly worse than those with PS 0 [17].
The corresponding hazard ratios and 95% CI when compared to PS 0
were, PS 1-1.38; 1.32, 1.44; PS 2-2.09; 1.95, 2.23; PS 3-4 - 3.48; 3.17,
3.83 (p-values <.0001). In a similar analysis of 6462 patients with stage
IV NSCLC, Kawaguchi et al. observed a significant worsening of median
survival with worsening performance status [18]. Patients with PS 0
had a median survival of 11.7 months as compared to 8.3, 4.4, 2.8 and
2.1 months for patients with PS 1, 2, 3 and 4 respectively (p <.0001).

The present study did not stage patients according to the AJCC 7th
Edition, as the majority of the trials included in the analysis were com-
pleted prior to the use of this system. Stage IIIB in the present analysis
includes patients who would be considered as having M1a disease
(stage IV) in the AJCC 7th Edition TNM classification. Nevertheless, we
found a significantly increased risk of death in patients with distant me-
tastases (Stage IV in the previous AJCC classification; Stage IV - M1b in
the 7th Edition). This further highlights the prognostic significance of
intrathoracic as opposed extra-thoracic metastatic disease.

Geriatric assessment of all older patients with cancer prior to treat-
ment, has been recommended as a way to detect hitherto hidden health
problems even in those with a good performance status [19]. A recent
study analyzed the prognostic value of the Geriatric 8 (G8) assessment
in older patients with lung cancer. In this analysis of 142 patients
(84 with NSCLC), the potentially frail patients had a significantly greater
risk of 1-year mortality (hazard ratio, 4.08; 95% confidence interval
1.67-9.99; P = .02). The only other significant variable was a higher dis-
ease stage. While geriatric assessment may provide a useful approach to
identifying older patients with lung cancer at risk for early mortality, it
is time consuming and hence its incorporation in routine clinical care
has been limited.

The main strengths of this study are the large sample size and its de-
velopment using data only from older individuals. Despite the simplicity
of the model, its performance characteristics are similar to the presently
available models, namely the Blanchon and Mandrekar models. Also
since the variables in the present model are routinely captured as part
of clinical care, it does not increase the burden on the oncologist or clinic
staff. Hence this can be used routinely to determine prognosis of older
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Fig. 2. Overall survival based on risk stratification among older patients with advanced non-small cell lung cancer (a) training set; (b) testing set.

patients with advanced NSCLC, especially if a comprehensive geriatric
assessment is not feasible. Furthermore, a simpler model can be more
robust and therefore more useful as compared to a complex model, in
which additional predictors are included but have low added value in
prediction accuracy.

The limitations of this study include that it comprised of only those
patients, who were enrolled in NCI cooperative group clinical trials. Pre-
vious studies have indicated that patients approached for clinical trial
participation may have certain specific characteristics and may not nec-
essarily represent the population at large [20]. However, given the di-
verse nature of enrollment in cooperative group trials, we feel that our

Table 4
Area under 1-, 2- year ROC and C-index in training and testing cohorts.

Training cohort (N = 963)

0.61 (0.58, 0.64)
0.62 (0.58, 0.66)
0.57 (0.56, 0.59)

Testing cohort (N = 504)

0.60 (0.55, 0.64)
0.65 (0.59, 0.70)
0.57 (0.55, 0.60)

1-year ROC (95% C.L.)
2-year ROC (95% C.I.)
C-index (95% C.I.)

ROC - Receiver Operating Characteristics.
CI - Confidence Interval.

findings are valuable to the practicing oncologist. In addition, this
model would help the development of practical clinical trials for older
adults with advanced NSCLC.

Secondly, most of the trials included in this analysis were conducted
before current knowledge regarding specific driver mutations and im-
munotherapeutic agents were available and hence that information is
lacking. Lastly, the clinical trials included in this analysis did not have
a component of geriatric assessment. Nonetheless, we believe that this
information will be valuable as the same parameters will be relevant
to those patients as well.

In conclusion, we have developed a simple, pragmatic, prognostic
model using performance status, distant metastases and weight loss im-
mediately prior to diagnosis predict for overall survival in older patients
with advanced non-small cell lung cancer.
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