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Abstract

Background and aim: The objective of this retrospective, observational, non-

interventional cohort study was to investigate prognostic factors of overall survival

(OS) in patients with advanced non-small cell lung cancer (aNSCLC) and to develop a

novel prognostic model.

Methods: A total of 4049 patients with aNSCLC diagnosed between January 2011

and February 2020 who received atezolizumab, nivolumab, or pembrolizumab as

second-line monotherapy were selected from a real-world deidentified database to

build the cohort. Patients could not have received first-line treatment with clinical

study drug(s) nor immune checkpoint inhibitors including anti-programmed cell death

1 (PD-1)/programmed death-ligand 1 (PD-L1), and anti-cytotoxic T-lymphocyte-

associated protein 4 therapies.

Results: Patients had a median age of 69 years; 45% were female, 75% White, 70%

had stage IV at initial diagnosis, and 70% had nonsquamous histology. A Cox propor-

tional hazards model with lasso regularization was used to build a prognostic model

for OS using 18 baseline demographic and clinical factors based on the real-world

data cohort. The risk-increasing prognostic factors were abnormally low albumin and

chloride levels, Eastern Cooperative Oncology Group performance status score ≥ 2,

and abnormally high levels of alkaline phosphatase and white blood cells. The risk-

decreasing prognostic factors were PD-L1 positivity, longer time from advanced diag-

nosis to start of first-line therapy, and higher systolic blood pressure. The perfor-

mance of the model was validated using data from the OAK trial, and the c-index for

the OAK trial validation cohort was 0.65 and 0.67 for the real-world data cohort.

Conclusions: Based on baseline demographic and clinical factors from a real-world

setting, this prognostic model was developed to discriminate the risk of death in
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patients with aNSCLC treated with checkpoint inhibitors as second-line mon-

otherapy, and it performed well in the real-world data and clinical trial cohorts.

K E YWORD S

advanced NSCLC, immune checkpoint inhibitors, prognostic model, real-world data

1 | INTRODUCTION

Lung cancer is the most prevalent type of cancer worldwide. It is esti-

mated that lung cancer contributes to 24% of cancer-related deaths in

men and 23% of cancer-related deaths in women in the US.1 Survival

outcomes of patients with lung cancer have improved due to the

development of new treatments such as immunotherapy. This

improvement is especially pronounced in patients with non-small cell

lung cancer (NSCLC).2 Use of immune checkpoint inhibitors (CPIs) as

second-line (2L) treatment for patients with advanced NSCLC

(aNSCLC) has improved survival and antitumor response compared

with chemotherapy. Specifically, monoclonal antibodies against

programmed cell death 1 (PD-1; nivolumab and pembrolizumab) and

programmed death-ligand 1 (PD-L1; atezolizumab) as 2L monotherapy

have shown a benefit in overall survival (OS) compared with doce-

taxel.3–5 However, despite this increase in survival benefit, 40% to

60% of patients do not respond to these therapies.3,5–7

Research on prognostic factors in patients with NSCLC receiving

CPIs in 2L treatment has mainly focused on one or a few risk factors,

such as PD-L1 expression that has been shown to be prognostic for

PD-L1 agents in NSCLC.8 Although PD-L1 expression can help physi-

cians decide on appropriate treatment for a patient, a prognostic model

accounting for multiple factors simultaneously could create clinical risk

groups for stratifying patients by disease severity. One multivariable

prognostic risk model for OS, the Real wOrld PROgnostic (ROPRO)

score, was derived across 17 cancer cohorts from 27 demographic, clin-

ical, and routine laboratory parameters and validated using two inde-

pendent phase I and III trials.9 In the NSCLC cohort, patients with

higher ROPRO scores (upper 10%) had an almost eightfold increased

risk of death compared with patients with lower scores (lower 10%).9

While this model can be applied to different cancer indications, a model

with a smaller number of variables tailored to a specific indication, such

as NSCLC, may facilitate its application and also minimize overall miss-

ing data by using less variables. The objective of this study was to build

a prognostic model using clinical and laboratory factors that are prog-

nostic of OS in patients with aNSCLC who received an anti-PD-1/PD-

L1 CPI as 2L monotherapy in a real-world setting. An independent clini-

cal trial cohort was used to validate the model.

2 | METHODS

2.1 | Training cohort

This retrospective, observational, noninterventional cohort study used

the nationwide Flatiron Health electronic health record–derived

deidentified database. During the study period, the deidentified data

originated from ≈280 US cancer clinics (≈800 sites of care).

The Flatiron Health database is longitudinal and consists of

deidentified, patient-level, structured and unstructured data,

curated via technology-enabled abstraction.10,11 Patients with

aNSCLC diagnosed between January 1, 2011, and February

1, 2020, who received anti-PD-1/PD-L1 CPIs (atezolizumab,

nivolumab, or pembrolizumab) as 2L monotherapy were included.

Patients were aged ≥18 years at the time of advanced diagnosis,

not previously diagnosed with other types of cancer, had started

any treatment within 90 days after advanced diagnosis, and could

not have received first-line (1L) treatment with clinical study

drug(s) nor CPIs including anti-PD1/PD-L1 or anti-cytotoxic T-lym-

phocyte-associated protein 4. Patients were followed until death,

last observed patient activity, or the database cutoff date (Febru-

ary 1, 2020).

2.2 | Prognostic factors

A literature review on relevant prognostic factors was conducted

using PubMed over the past 10 years to identify reviews and trials

that evaluated prognostic factors of OS or progression-free survival in

patients with lung cancer receiving CPIs.7,8,12–15 Primary variables of

interest in the real-world database included demographic, clinical, and

laboratory characteristics that were measured at baseline.

Treatment start was defined as the first date of drug administration

in 2L therapy. Sex, age at advanced diagnosis, and age at start of 2L

therapy were included in the model. Race was categorized as Asian,

Black or African American, Hispanic or Latino, White, or other. Smoking

status was defined by previous/current or never smoker. Eastern Coop-

erative Oncology Group performance status (ECOG PS) scores were

used to determine the patient's performance status and were catego-

rized as 0/1 and ≥ 2. NSCLC stage at initial diagnosis was included in

the model and categorized as stage <IV or IV. Other disease-related

variables included histology, body mass index, systolic blood pressure,

diastolic blood pressure, tumor PD-L1 expression (positive, ≥1%; nega-

tive, <1%), and mutation status for KRAS and EGFR.

Laboratory values were determined using standard clinical chem-

istry methods and then classified as abnormally low, within the normal

range, or abnormally high (except for albumin, which was classified as

abnormal [low] and normal). The following parameters were assessed:

serum albumin, circulating monocyte, lymphocyte, thrombocyte, neu-

trophil, and platelet counts, white blood cell counts, absolute eosino-

phil counts, bilirubin, lactate dehydrogenase, alkaline phosphatase

(ALP), aspartate aminotransferase, alanine transaminase, chloride,
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calcium, creatinine, total serum protein, urea, and hemoglobin. The

interactions of neutrophils and lymphocytes, lymphocytes and mono-

cytes, platelets and lymphocytes, neutrophils and white blood cells,

and aspartate aminotransferase and alanine transaminase were also

investigated. Reference ranges vary across laboratories and were

based on instrument sensitivity as well as units of measure for the

particular test at the performing laboratory.

2.3 | Validation cohort

The developed real-world data (RWD) prognostic model was applied ret-

rospectively to data from the OAK trial (blinded for peer review), a phase

III, open-label, randomized controlled trial that assessed the efficacy and

safety of atezolizumab monotherapy compared with docetaxel as 2L

treatment in patients with aNSCLC.7 The cohort from the OAK trial was

selected based on the following criteria: squamous or nonsquamous

NSCLC, age ≥ 18 years, measurable disease per Response Evaluation

Criteria in Solid Tumors version 1.1, ECOG PS 0/1, previous chemother-

apy, and no prior treatment with PD-1/PD-L1 inhibitors.

2.4 | Statistical analysis

A Cox proportional hazards model with lasso regularization was used

to build the prognostic model based on the aforementioned demo-

graphic, clinical, and laboratory factors to select variables that contrib-

ute most to OS prediction.16 The model was estimated using the

GLMNET package in R with α = 0.9 and λ tuned using a grid search.

The prognostic index (PI) was fitted to predict the risk of death for a

patient. The PI was calculated based on the following Cox model:

ℎi(t) = ℎ0(t) exp(β
Txi),

where hi(t) is the hazard function for a patient, ℎ0(t) is an unspecified

baseline hazard function, xi is a p � 1 vector of covariates for that

F IGURE 1 Patient flowchart. 1L, first line; 2L, second line; aNSCLC, advanced non-small cell lung carcinoma; CPI, checkpoint inhibitor; CTLA,
cytotoxic T-lymphocyte-associated protein; PD-1, programmed cell death-1; PD-L1, programmed death-ligand 1
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patient and β is a p � 1 vector of coefficients. The number βTxi was

defined as the PI. Larger values of PI implied shorter survival times,

while smaller values of PI implied longer survival times. Survival data

were represented by quartiles of PI values. A 10-fold cross-validation

with a split of 80% for the training set and 20% for the testing set was

performed.

The validity of the model developed from the real-world database

was tested in the OAK data by assessing the model's discrimination.

Kaplan–Meier OS curves, stratified into quartiles by the PI, were gen-

erated for both the RWD and trial cohorts. A concordance index

(c-index), defined as the proportion of concordant pairs divided by the

total number of possible evaluation pairs, was then calculated for both

the real-world database and OAK.

2.5 | Missing data

Missing values were imputed using the chained equation method

and predictive mean matching as previously described in the litera-

ture.17 The imputation model included all variables used in the anal-

ysis model, including the outcome variables. In this case, the

cumulative hazards and censor indicator were used for each

patient.18 Given that the real-world database and OAK data sets

have different missing data mechanisms, separate imputation

models for each data set were developed, with exactly the same

model specification.

3 | RESULTS

3.1 | Patient characteristics

A total of 4049 patients from the real-world database and

792 patients from the OAK trial were included. Initially, 5180 patients

with aNSCLC were selected from the RWD who had received anti-

PD-1/PD-L1 CPIs as 2L treatment and diagnosed between January

1, 2011, and February 1, 2020 (Figure 1).

TABLE 1 Demographic and clinical characteristics of the patients
included in the prognostic model

Characteristic

Real-world

database
(n = 4049)

OAK trial
(n = 792)

Age at index, median

(IQR), years

69.0 (61.0, 76.0) 63.0 (57.0, 70.0)

Age at advanced

diagnosis, median

(IQR), years

68.0 (60.0, 75.0) 63.0 (56.0, 69.0)

Time from advanced

diagnosis to index

date, median (IQR),

months

7.88 (4.93, 14.36) 13.52 (8.28, 24.44)

Heart rate, median

(IQR), bpm

87.0 (76.0, 100.0) 82.0 (72.0, 93.0)

Diastolic blood

pressure, median

(IQR), mmHg

72.0 (66.0, 80.0) 75.0 (68.0, 80.0)

Systolic blood pressure,

median (IQR), mmHg

123.0 (110.0, 137.0) 125.0 (114.0, 135.0)

Smoking status, n (%)

Previous/current 3685 (91.0) 651 (82.2)

Never 364 (9.0) 141 (17.8)

Stages, n (%)

Stage <IV 1211 (29.9) 320 (40.4)

Stage IV 2837 (70.1) 472 (59.6)

Sex, n (%)

Female 1834 (45.3) 309 (39.0)

Male 2215 (54.7) 483 (61.0)

Histology, n (%)

Nonsquamous 2826 (69.8) 583 (73.6)

Squamous 1223 (30.2) 209 (26.4)

ECOG PS, n (%)

0–1 2866 (70.8) 792 (100.0)

≥2 1183 (29.2) 0

Race, n (%)

White 3040 (75.1) 579 (73.1)

Black 445 (11.0) 17 (2.1)

Hispanic or Latino 122 (3.0) 0

Asian 84 (2.1) 174 (22.0)

Other 358 (8.8) 22 (2.8)

BMI, n (%)

Underweight 348 (8.6) 40 (5.1)

Healthy 1780 (44.0) 364 (46.0)

Overweight 1176 (29.0) 258 (32.6)

Obese 745 (18.4) 130 (16.4)

PD-L1 expression, n

(%)

Negative 1550 (38.3) 359 (45.3)

Positive 2499 (61.7) 433 (54.7)

TABLE 1 (Continued)

Characteristic

Real-world
database
(n = 4049)

OAK trial
(n = 792)

KRAS mutations, n (%)

Negative 2958 (73.1) 602 (76.0)

Positive 1091 (26.9) 190 (24.0)

EGFR mutations, n (%)

Negative 3913 (96.6) 703 (88.8)

Positive 136 (3.4) 89 (11.2)

Abbreviations: BMI, body mass index; bpm, beats per minute; ECOG PS,

Eastern Cooperative Oncology Group performance status; EGFR,

epidermal growth factor receptor; IQR, interquartile range; PD-L1,

programmed death-ligand 1.
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Patients selected from the RWD had a median age of 69 years,

70% had stage IV NSCLC at diagnosis, and 70% had nonsquamous

histology (Table 1). In the validation cohort from the OAK trial, median

age was 63 years, ECOG PS was 0/1, for all patients per the trial

inclusion parameters, and 74% had nonsquamous histology. The

majority of patients in the RWD and OAK cohorts had laboratory

values in the normal range, except the majority of patients in both

cohorts having low hemoglobin levels and most patients in OAK had

high calcium and urea levels (Table 2).

3.2 | Prognostic model

The final model selected 18 variables (Figure 2). The top risk-

increasing prognostic factors were abnormally low albumin and

TABLE 2 Laboratory characteristics of patients included in the
prognostic model

Characteristic

Real-world

database
(n = 4049)

OAK trial
(n = 792)

White blood cells, n (%)

High 824 (20.4) 124 (15.7)

Low 323 (8.0) 26 (3.3)

Normal 2902 (73.3) 642 (81.1)

Hemoglobin, n (%)

High 10 (0.2) 0

Low 2812 (69.4) 792 (100)

Normal 1227 (30.3) 0

Protein total, n (%)

High 86 (2.1) 38 (4.8)

Low 700 (17.3) 55 (6.9)

Normal 3263 (80.6) 699 (88.3)

Creatinine, n (%)

High 550 (13.6) 101 (12.8)

Low 707 (17.5) 57 (7.2)

Normal 2792 (69.0) 634 (80.1)

Bilirubin, n (%)

High 70 (1.7) 7 (0.9)

Low 361 (8.9) 28 (3.5)

Normal 3618 (89.4) 757 (95.6)

Aspartate aminotransferase, n (%)

High 332 (8.2) 64 (8.1)

Low 197 (4.9) 15 (1.9)

Normal 3520 (83.4) 713 (90.0)

Alanine transaminase, n (%)

High 230 (5.7) 40 (5.1)

Low 279 (6.9) 21 (2.7)

Normal 3540 (87.4) 731 (92.3)

Alkaline phosphatase, n (%)

High 788 (19.5) 153 (19.3)

Low 39 (1.0) 11 (1.4)

Normal 3222 (79.6) 628 (79.3)

Lactate dehydrogenase, n (%)

High 1599 (39.5) 336 (42.4)

Low 151 (3.7) 16 (2.0)

Normal 2299 (56.8) 440 (55.6)

Calcium, n (%)

High 153 (3.8) 791 (99.9)

Low 518 (12.8) 1 (0.1)

Normal 3378 (83.4) 0

Chloride, n (%)

High 97 (2.4) 22 (2.8)

Low 823 (20.3) 117 (14.8)

Normal 3129 (77.3) 653 (82.4)

(Continues)

TABLE 2 (Continued)

Characteristic

Real-world

database
(n = 4049)

OAK trial
(n = 792)

Albumin, n (%)

Abnormal (low) 1352 (33.4) 138 (17.4)

Normal/high 2697 (66.6) 654 (82.6)

Urea, n (%)

High 627 (15.5) 789 (99.6)

Low 208 (5.1) 0

Normal 3214 (79.4) 3 (0.4)

Absolute eosinophil count, n (%)

High 160 (4.0) 45 (5.7)

Low 67 (1.7) 45 (5.7)

Normal 3822 (94.4) 702 (88.6)

Monocyte, n (%)

High 951 (23.5) 163 (20.6)

Low 89 (2.2) 7 (0.9)

Normal 3009 (74.3) 622 (78.5)

Lymphocyte, n (%)

High 41 (1.0) 3 (0.4)

Low 1263 (31.2) 218 (27.5)

Normal 2745 (67.8) 571 (72.1)

Neutrophil, n (%)

High 996 (24.6) 125 (15.8)

Low 84 (2.1) 10 (1.3)

Normal 2969 (73.3) 657 (83.0)

Platelet, n (%)

High 406 (10.0) 83 (10.5)

Low 459 (11.3) 29 (3.7)

Normal 3184 (78.6) 680 (85.9)

Thrombocytosis, n (%)

No 3643 (90.0) 709 (89.5)

Yes 406 (10.0) 83 (10.5)
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chloride levels, ECOG PS ≥2, and abnormally high levels of ALP and

white blood cells. The top risk-decreasing prognostic factors were

PD-L1 positivity, longer time from advanced diagnosis to start of 1L,

and higher systolic blood pressure.

3.3 | Model performance

When looking at the association of OS with the PI quartiles in both

cohorts, OS was clearly differentiated among the PI quartiles

(Figure 3). The c-index calculated for the RWD cohort OS curves was

0.67, and the c-index for the OAK trial validation cohort was 0.65.

When using only ECOG PS to calculate the c-index for the RWD, it

was 0.56. Performance was similar across the CPI molecules

(atezolizumab, nivolumab, and pembrolizumab; Figure S1).

4 | DISCUSSION

To our knowledge, this is the first study developing a prognostic

model in patients with aNSCLC receiving anti-PD-1/PD-L1 CPIs as 2L

monotherapy. This study evaluated factors that may influence patient

survival and found several baseline demographic and clinical charac-

teristics of prognostic value. A Cox proportional hazards model with

lasso regularization was used to estimate the prognostic variables.

This method limits overfitting due to either collinearity of the

covariates or high dimensionality. The model was then validated using

data from the OAK clinical trial.

This approach of evaluating multiple prognostic factors was

improved compared with only using single prognostic factors, such as

ECOG PS. The c-index for ECOG PS was 0.56, whereas the c-index of

the prognostic model that incorporated multiple variables was 0.67.

Compared with ROPRO, this model specifically focused on patients

with aNSCLC receiving anti-PD-1/PD-L1 CPIs as 2L monotherapy vs

a more general, pooled cohort of 17 different tumor types who had

received 1L treatment.9 This model incorporated 18 variables of

which most were not defined by units of measurement (Figure 2) ver-

sus 27 variables defined by specific units in ROPRO.9 For laboratory

values, levels were defined qualitatively (e.g., high vs. low) in this prog-

nostic model compared with deriving a score based on the weighted

sum of the patients' differences from the respective reference mean

for each variable as performed in ROPRO.9 Simplifying how variables

were defined (units or not) and the total number required could make

this prognostic model easier to implement in clinical practice.

Risk-decreasing factors included PD-L1 positivity, longer time to

advanced diagnosis, and higher systolic blood pressure. Being PD-L1

positive was shown to decrease the risk, and patients who are PD-L1

positive are known to respond better to PD-1/PD-L1 therapies.19

Recent research suggested that this could be a key factor for reducing

cancer progression with immune checkpoint inhibition.20 Longer time

from advanced diagnosis to start of 1L treatment was recognized as a

risk-decreasing factor. This finding should be interpreted with caution, as

it is possible that the model assigned lower risk to patients having proved

that they can survive for some time. This should not be interpreted as an

argument for starting treatment later, because this is not a causal rela-

tionship. A higher systolic blood pressure was also observed as a risk-

F IGURE 2 Summary of selected
model coefficients. 1L, first line; ALP,
alkaline phosphatase; ECOG PS,
Eastern Cooperative Oncology
Group performance status; LDH,
lactate dehydrogenase; PD-L1,
programmed death-ligand 1; SBP,
systolic blood pressure; WBC, white
blood cell
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decreasing factor. Previous studies have evaluated the use of hyperten-

sion treatments, such as angiotensin-converting enzyme inhibitors, and

the risk of cancer.21,22 It could be hypothesized that systolic blood pres-

sure and/or the use of hypertension treatments could be associated with

cancer survival; although this has not been evaluated in the literature.

When evaluating prognostic factors that were risk increasing, ECOG PS

≥2 was associated with a worse PI. This finding was not surprising, as

ECOG PS is a well-known prognostic factor of cancer and indicative of a

patient's frailty, comorbidity, disease progression, and effects on daily

life.23 Laboratory characteristics that were strong risk-increasing

F IGURE 3 Association of
prognostic index quartiles and overall
survival in patients from (A) the real-
world database (derivation data) and
(B) the OAK trial (validation data). Q1
represents the highest PI and Q4
represents the lowest PI. *The log-
rank test evaluated the null
hypothesis of no difference in

survival between the different PI
groups. PI, prognostic index
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prognostic factors included high ALP and white blood cell counts, and

abnormally low albumin and low chloride levels. Both ROPRO and this

model identified high ALP as a risk-increasing prognostic factor, and

ROPRO also noted that higher levels of albumin and chloride were pro-

tective, which aligns with this model's findings.9 Other index models

have also recognized high white blood cell counts and ALP levels as well

as low albumin levels as prognostic risk factors.23–26 A retrospective

analysis with a multivariate logistic regression analysis indicated that ALP

was an independent risk factor for bone metastases in patients with

bladder cancer.27 A retrospective study in Turkish patients with aNSCLC

(stage IIIB) found that low pretreatment serum albumin level was an

independent poor prognostic factor in patients with aNSCLC, which was

associated with a reduced response to 1L therapy and decreased survival

rates.28 A systematic review also reported that low pretreatment serum

albumin was associated with poor survival and could be used to define

baseline patient risk.24 Only limited studies have explained the low chlo-

ride findings in aNSCLC. In colorectal cancer, a retrospective, single-

center study found that hypochloremia was associated with shorter OS

and disease-free survival in patients with early- to later-stage disease

who had resection.29 Further research is warranted to understand the

role of chloride levels in aNSCLC outcomes.

It is important to highlight that extracting clinically relevant data

using electronic health records is a complex process and is a limitation

of the retrospective nature of the present study. This database lacked

complete information on other possible prognostic factors such as C-

reactive protein, steroid use, tumor-infiltrating lymphocytes, pro-

inflammatory cytokine levels, and T-cell (CD3+), cytotoxic T-cell, and

memory T-cell counts. For laboratory-based data, values were catego-

rized based on the reference range supplied by the laboratory in the

real-world setting. These ranges can vary across laboratories, and

accordingly, “cutoff” minimum and maximum values may differ across

methods/patients. While laboratory-to-laboratory variability exists, this

heterogeneity can allow more flexibility when implementing the prog-

nostic model in populations in which different instruments, techniques,

or reference ranges have been used across multiple clinical sites.

In summary, these analyses used a large cohort of patients with

aNSCLC from a real-world setting to create a prognostic model, which

was validated using clinical trial data. By using baseline demographic,

clinical, and laboratory factors, this prognostic model could discrimi-

nate the risk of death among patients with aNSCLC receiving anti-

PD1/PDL1 CPIs in 2L therapy. Further research into prognostic

models to aid treatment selection is a critical element of ensuring

optimal support for decision-making in real practice.
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