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Abstract: Background: Immune checkpoint inhibitor (ICI) therapy using Pembrolizumab alone or in
combination with chemotherapy (CHT) is a widely used first-line standard for advanced NSCLC
without actionable driver mutations. However, a considerable fraction of patients does not respond
to ICI, and associated costs are significant. We aimed to investigate the real-life benefit and costs of
first line Pembrolizumab as compared to a matched historical cohort treated with first-line CHT in
the pre-ICI era. Methods: Ninety-three subsequent patients having received first-line pembrolizumab
as monotherapy (n=17) or together with platinum-based doublet CHT (n=76) between 2017 and 2021
were retrospectively identified. Using propensity-score matching for age, sex, Eastern Co-operative
of Oncology Group (ECOG) performance status and histological subtype, the ICI-treated cohort was
compared to a historical NSCLC cohort treated with first-line platinum-based doublet CHT between
2011 and 2014, whereas patients who had received ICI in later therapy lines were excluded. Progres-
sion-free (PFS) and overall survival (OS) were calculated using the Kaplan-Meier method; the log-
rank test was used for statistical comparison between the cohorts. Therapy costs were calculated
based on the respective average drug prizes between 2017 and 2019 for both treatment groups. Re-
sults: Both cohorts did not significantly differ in terms of matching criteria. Among the patients
treated with first line pembrolizumab, median PFS was 6 months (M) (95% confidence interval (CI)
4-9) and significantly longer (p<0.001) than in the historical CHT cohort (4M; 95% CI 3-5). Similarly,
median OS was significantly longer in the ICI group (14M (95% CI 8-19) vs. 8M (95% CI 7-10); p=0.01).
Total therapy costs were €3,635,572 in the ICI and €867,000 in the CHT cohort, respectively, average
costs per patient were €39,092 and €8,179. Incremental cost-effectiveness ratio (ICER) per month of
median OS gained was €5,152. Conclusion: Patients with advanced NSCLC treated with first-line
pembrolizumab had significantly longer PFS and OS as compared to historical fist-line CHT patients.
However, this benefit was associated with considerably higher treatment costs.

Keywords: Immunotherapy; immune checkpoint inhibitor; ICER; healthcare costs

Introduction

Primary lung cancer is one of the most common malignancies worldwide and is the leading
cause of cancer-related death.[1,2] Despite increasing efforts to detect and treat lung cancer early, [3,4]
most lung cancer patients are still diagnosed in advanced tumor stages especially due to the frequent
lack of specific symptoms in early disease.[5]

Over the past ten years, the clinical practice in treatment of advanced non-small cell lung cancer
(NSCLC) has improved significantly, leading to considerably longer survival.[6] Next to targeted
therapy in specific genetically determined patient groups, especially immune checkpoint inhibitors
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(ICI) therapy alone or in combination with chemotherapy (CHT) represents the current therapeutic
first-line standard for most advanced NSCLC patients.[7-12]

Median progression-free (PFS) and overall survival (OS) according to long-term data in the era
of first-line ICI therapy has been reported between around 6-11 and 16-26 months (M), respectively,
depending on histology, programmed death-ligand 1 (PD-L1) expression level, and concomitant use
of bevacizumab. In the CHT comparator arms, PFS and OS ranged from 4-7 and 11-15M, respec-
tively.[13-18] In comparison, studies on first-line chemotherapy from the pre-ICI era indicated PFS
and OS of around 4-6M and 8-12M.[19-22]

However, the successful adoption of ICI therapies as standard treatment came with significant
costs, with single dose prices ranging from 4,000 to 11,000€, depending on time, country-specific fac-
tors, and reimbursement models. For example, calculations based on the Impower 110 study on Ate-
zolizumab versus CHT reported a gain of 0.87 quality adjusted life years (QALYs), leading to a cost
of $123,424/QALY.[23] Similarly, comparing Atezolizumab (IMpower 110) vs. Pembrolizumab (KEY-
NOTE 024 and 042) in the Spanish healthcare system as of 2020, a study reported 1.43 and 1.61 QALYs
in PES for Atezolizumab and Pembrolizumab, respectively, with total therapy cost of €149,213€ and
€227,894€ and total healthcare cost of €172,861 and €254,769 respectively.[24] Concerning Pembroli-
zumab treatment and calculations based on US data, the addition of ICI to chemotherapy resulted in
additional 0.78 QALYs at an incremental cost of $151,409, resulting in an incremental cost-efficacy
ratio of $194,372/QALY.[25]

As compared to CHT, ICI therapies are typically administered over longer time and - despite
predictive biomarkers like PD-L1 expression and mutational status are available - response on the
individual patients’” level is still hard to foresee.[26,27]

We aimed to assess the real-life benefit and costs of first line Pembrolizumab treatment in ad-
vanced NSCLC in an institutional lung cancer registry cohort, as compared to a historical matched
cohort of patients receiving first-line CHT from the pre-ICI era.

Patients and Methods

Data of patients treated with Pembrolizumab were retrieved from the institutional retrospective
lung cancer immunotherapy registry. Patients were included in this analysis if they had received at
least one cycle of first line Pembrolizumab therapy alone or in combination with a platinum-based
doublet CHT between 2017 and 2021 at the Department of Pulmonology of the Kepler University
Hospital in Linz, Austria, for stage IV or not otherwise treatable stage IIl NSCLC. Patients with tar-
getable oncogenic driver mutations were excluded. The historical CHT-treated controls were derived
from the institutional lung cancer registry starting in 2011, whereas patients were selected when they
had received at least one cycle of platinum-based doublet CHT in the aforementioned indication be-
tween 2011 and 2014. Patients with targetable driver mutations were excluded, as well as patients
who had received ICI therapy in later therapy lines.

The patient registry and the current analysis were approved by the Ethics Committee of Upper
Austria (EC No. 1139/2019), the need for patients’ informed consent was waived due to the entirely
non-interventional and retrospective approach. Patients were retrospectively followed from therapy
initiation on to death or censored to the date of last verified contact before the data cut at the end of
2020.

In the historical chemotherapy cohort, according to the institutional standard, patients routinely
received four cycles of platinum-based chemotherapy using Pemetrexed for adenocarcinomas, not
otherwise specified (NOS-)NSCLC and large cell carcinomas, and Gemcitabine for squamous cell
carcinomas,[21] together with Carbo- or Cisplatin according to the treating physician’s choice.
Maintenance therapy with Pemetrexed or Gemcitabine could be administered until progression or
toxicity warranting withdrawal.

Patients in the ICI-CHT cohort similarly received the same CHT backbone therapy for non-squa-
mous tumors,[7] but paclitaxel for squamous histology according to the respective underlying tri-
als.[28] Patients with a PD-L1 expression of 250% were eligible for receiving either mono-ICI therapy
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with Pembrolizumab or a combination of CHT and Pembrolizumab at the discretion of the treating
physician. CHT-ICI therapy was routinely administered for four cycles if tolerated by the patient,
followed by ICI and — optionally — Pemetrexed or Gemcitabine maintenance until disease progression
or occurrence adverse events warranting withdrawal of therapy. Upon radiographic progression,
immunotherapy could be resumed in selected cases with significant clinical benefit as treatment be-
yond progression, or if local treatment of limited progression, e.g. by radiotherapy, was possible.
Also, an earlier switch to ICI maintenance therapy could be performed in case of unacceptable CHT-
induced toxicity.

In both cohorts, clinical and radiological follow-up was performed routinely after two cycles of
ICI-CHT combination or CHT alone, or three cycles of Pembrolizumab monotherapy or CHT mainte-
nance, equaling intervals of two to three months. Routinely, a computed tomography (CT) scan of
the chest and the upper abdomen using iodized contrast medium was obtained, additional imaging
such as magnetic resonance tomography (MRT) for follow-up of known cerebral metastases, or 18F-
FDG-PET/CT could be performed when deemed necessary by the treating physician. Upon symp-
toms suggesting disease progression and therapy-associated side effects, re-staging could be
preponed.

Statistical Analysis

All statistical analyses were performed using R (version 4.0.2; www.r-project.org). Descriptive
statistics like mean and standard deviation were used for continuous variables, counts with percent-
ages were used for categorical variables. Comparisons between groups were performed with the
Fisher's exact test and with the chi-squared test for categorical variables. Progression-free survival
(PFS) and overall survival (OS) were respectively assessed using the Kaplan-Meier method. For sta-
tistical analysis between the groups, the log-rank test was performed. We conducted both univariate
and multivariate analyses for predictive factors towards PFS and OS based on the Cox proportional
hazards models, using each of the potential predictors as independent variables and progression/sur-
vival as the dependent variable. Results were expressed as risk ratio (RR) with a 95% confidence
interval (CI). An alpha error was set at 0.05.

As our analysis aimed to compare two treatments for advanced NSCLC, propensity-score
matching between the groups was performed: To find statistical "twins" for each of the observations
in the ICI cohort, logistic regression with age, sex, ECOG and histology as independent variables and
the respective cohort dataset as dependent variable was performed. This enabled obtaining an esti-
mation for the propensity score, according to which each observation of the ICI dataset was matched
with one of the "chemotherapy-dataset". The R-package "matchit" was used for the matching process.

Cost Calculation

We calculated the therapy costs for the two cohorts according to the average costs of the respec-
tive medications as recorded by the Kepler University Hospital pharmaceutical department for the
respective time intervals between 2011-2014 and 2015-2020, respectively. The costs per cycle of ther-
apy for both groups were multiplied with the number of cycles per patient and summed up at the
end to determine the total costs per cohort. Furthermore, costs per patient were calculated as incre-
mental cost-effectiveness ratio (ICER) per month of median OS gained.

Results

Ninety-three patients of the first-line ICI cohort and 106 patients of the historical CHT cohort
met the requirements to be included in our study. Ninety-three patients of the latter cohort were then
matched for comparison. Baseline patient and tumor characteristics are presented in Table 1.

Table 1. Baseline patient and tumor characteristics in the (chemo-)immunotherapy cohort as well as in the chem-
otherapy cohort, with all patients and in the propensity-score matched cohort. The p-value is for comparison

between the two matched cohorts. SD=standard deviation, ECOG=Eastern Co-operative of Oncology Group,
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LDH=lactate dehydrogenase, CRP=C-reactive protein, py=pack years, IQR=interquartile range, PD-L1=pro-
grammed death-ligand 1.

Pembrolizumab Chemotherapy Chemotherapy all
(n=93) matched (n=93) p-value patients (n=106)
Patient characteristics (%)
Male sex 60.2 67.7 n.s. 67.9
Age (mean, SD) 65.3 (8.7) 64.6 (9.9) n.s. 63.9 (9.8)
Age <60 31.2 38.7 29.0
Age 60-69 41.9 33.3 n.s. 38.7
Age 70+ 26.9 28.0 32.3
ECOG 0,1 81.7 73.1 74.5
ECOG 2+ 183 26.9 e 255
Former or current smokier (>5py) 92.5 88.2 s, 86.8
Never smoker (<5py) 7.5 11.8 13.2
Laboratory biomarkers
LDH (U/L; mean, SD) 322 (583) 217 (120) 0.017 216 (119)
CRP (mg/L; mean, SD) 2.9 (5.1) 3.0 (3.6) n.s. 3.0 (3.5)
Neutrophil count (G/L; mean, SD) 8.5 (4.5) 8.4 (3.6) n.s. 8.4 (3.5)
Lymphocyte count (G/L; mean, SD) 1.3(0.8) 1.6 (0.8) 0.024 1.7 (11)
Tumor characteristics (%)
Adenocarcinoma 73.1 74.2 73.6
Squamous cell carcinoma 25.8 18.3 ns. 17.9
Other histology 1.1 7.5 8.5
Number of chemotherapy cycles (median, 309) 1) na. 1)
IQR)
Number of immunotherapy cycles
(median, IQR) e >® ) - ’
PD-L1 — positive 58.1 - -
PD-L1 — negative 36.6 - n.a. -
PD-L1 - status missing 5.4 - -

As shown in figure 1, patients treated with first-line Pembrolizumab had a longer (p<0.001) me-
dian PFS of 6M (95% confidence interval (CI) 4-9), as compared to 4M (95%ClI 3-5) in the historical
CHT group. Similarly, median OS was significantly longer in the ICI group (14M (95% CI 8-19) vs.
8M (95% CI 7-10); p=0.01). Of interest, the OS curves crossed at approximately 6M, indicating excess
mortality in patients undergoing ICI in the first half year.

In regression analyses, there were no significant multivariate prognostic variables for progres-
sion in the CHT cohort, while the only significant variable in the ICI cohort was lactate dehydrogen-
ase (LDH). For survival, there were significant multivariate interactions with C-reactive protein
(CRP) in the CHT cohort and with Eastern Co-operative of Oncology Group (ECOG) performance
status and LDH in the ICI cohort.

Table 2. Uni- and multivariate analyses for progression and survival in the matched chemo- and immunother-
apy cohorts, respectively.HR=hazard ratio, ECOG=Eastern Co-operative of Oncology Group, LDH=lactate de-
hydrogenase, CRP=C-reactive protein, PD-L1=programmed death-ligand 1.

Chemotherapy cohort 2011-2014 (n=93) Immunotherapy cohort 2014-2020 (n=93)
Univariate Multivariate Univariate Multivariate
HR (95% P HR (95% P HR (95% P HR (95%
CI) CI) CI) CI)
Progression free survival
Sex (male 1.19 (0.75- 0.81 (0.50-
463 384
vs. female) 1.88) 0 1.31) 0
Age (=70
0.91 (0.56- 1.19 (0.70-
vs. <70 1.44) 0.669 2.03) 0.517
years)
ECOG (2+ 1.56 (0.97- 0.067 1.64 (0.87- 0126

vs. 0,1) 2.51) 3.08)
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Histology
1.51 (0.92- 1. .63-
(adeno vs. 5109 0.106 09 (0.63 0.768
2.46) 1.89)
not adeno)
Packyears 0.90 (0.44- 0.56 (0.22-
77 21
(25 vs. <5) 1.89) 0778 1.41) 0-215
LDH ((=2
(250 1.51 (0.82- 2.28 (1.36- 2.28 (1.36-
vs. 2.79) 0.191 3.84) 0.002 3.84) 0.001
<250U/L) ' ’ )
CRP (20.5
(20 1.34 (0.83- 1.41 (0.79-
vs. 2.16) 0.232 251) 0.245
<0.5mg/dL) ’ ’
Lymphocyt
el 0%08 o 12007 g
<1G/L) ' '
PD-LL 1.09 (0.66-
status (neg. - - 0.736 -
1.82)
vs. Pos.)
Overall survival
Sex (male 1.49 (0.91- 1.00 (0.59-
A1 .
vs. female) 2.46) 0-115 1.71) 0-995
Age (270 vs. 1.05 (0.64- 1.35 (0.76-
.843 .298
<70 years) 1.73) 0 2.40) 0
ECOG (2+ 2.14 (1.28- 2.51 (1.35- 2.04 (1.02-
.004 .004 .04
vs. 0,1) 3.58) 0.00 4.64) 0.00 4.08) 0.043
Histology
1.26 (0.75- 1.48 (0.83-
(adeno vs. 6(0.75 0.389 8083 0.182
2.13) 2.63)
not adeno)
Packyears 0.85 (0.39- 0.86 (0.31-
.67, 7
(25 vs. <5) 1.85) 0676 2.36) 0758
>
LDH (2250 1.34 (0.71- 3.21 (1.36- 1.97 (1.10-
vs. 2.56) 0.370 7.60) 0.008 3.55) 0.023
<250U/L) ' ) )
>
CRP (205 1.87 (1.10- 1.87 (1.10- 2.19 (1.07-
vs. 3.18) 0.021 3.18) 0.021 4.49) 0.032
<0.5mg/dL) ’ ’ ’
Lymphocyt
o 00 g 086058 g5
<1G/L) ’ ’
. I:D'(L; ] ] 123(072- o o ]
status (neg. 2.10) .

vs. Pos.)
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Figure 1. Kaplan-Meier curves for PFS (a) and OS (b) for chemo- and immunotherapy-treated patients as well as
respective cumulative treatment costs over time.

According to our cost-benefit analysis, the total treatment costs in the (chemo-)ICI group
amounted to 3,635,572€. Mean costs per patient were 39,092€ (SD 30,476€). In contrast, the total costs
in the CHT group were 867,000€; mean costs per patient were 8,179€ (SD 5,624€)). ICER per month of
median OS gained was €5,152.

Discussion

Our analyses showed a clear PFS and OS benefit of ICI therapy with Pembrolizumab over plat-
inum-based CHT alone in a historical cohort. However, we also found excess mortality in the ICI
cohort in the initial months, as well as markedly higher treatment costs.

The administration of first-line Pembrolizumab, either as combination with CHT or as mono-
therapy, could significantly prolong both median PFS and OS, by 2M and 6M, respectively. These
figures confirm the reported phase 3 trial results of KEYNOTE-024, -189, and -407, which all found a
clear survival benefit with the use of Pembrolizumab as compared to CHT therapy. Also, our pre-
sented historical CHT-cohort showed similar PFS and OS results as reported in historical trials, for
example in the ECOG trial published in 2002, with a median OS of 8M in our study.[20,29]

A major finding that warrants discussion in the results is the crossing of the Kaplan-Meier OS
curves (figure 1) at 6M. This finding implies that there was excess mortality in the (CHT-)ICI group
as compared to the historical CHT control group, although overall OS showed superiority of ICI
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therapy in the end with a plateau in the OS curve indicating long-term survival in a minority of pa-
tients. The two cohorts were well matched with significant differences only in terms of a lower lym-
phocyte count and higher LDH in the ICI group, which may imply a higher systemic inflammatory
state in these patients. Otherwise however, as most ICI-treated patients received concomitant CHT,
and as the CHT substances used as well as application strategies did not change significantly in the
meantime, it is likely that this observed effect was not caused by baseline biomarkers or the treatment
itself, but rather by patient selection and oncological management. In the CHT era, patient selection
according to performance status and comorbidities was more relevant due to the lack of alternatives
to CHT. In the ICI era, especially with the option of ICI monotherapy with generally less side effects
as compared to CHT, the decision for medical treatment over best supportive care may have become
more liberal and this might have led to overtreatment in patients showing no survival benefit in the
end. Thus, the finding that our cohort of first-line ICI patients did not experience a prognostic benefit
from ICI treatment in the first six months of treatment clearly warrants a more efficient patient selec-
tion, ideally based on widely available biomarkers. In multivariate analyses, LDH>250 had significant
implications on progression and survival in the ICI cohort, in addition to ECOG PS 22 for OS. In the
CHT cohort, there were no significant uni- and multivariate results for PFS, and an interaction of
elevated CRP with increased mortality only. The utility of LDH as a prognostic factor regarding out-
comes in ICI therapy of NSCLC is well known as shown by Peng et al. and Taniguchi et al., who
reported that LDH <240 U/L in ICI-treated NSCLC was associated with better survival.[27,30,31] Pre-
treatment ECOG status and high CRP have also been extensively reported as prognostic biomarkers
in NSCLC patients.[32,33] In contrast to other published data, our study did not find a significant
interaction of outcomes with PD-L1 status in the ICI group. However, most patients received CHT-
ICI combinations, and large Phase-III trials on such combination treatments similarly showed con-
sistent efficacy across all PD-L1 subgroups.[7]

Not only the type of therapy changed dramatically in the past decades, but so did therapy costs.
According to our cost-benefit analysis, the total costs in the (CHT-)ICI group amount to 3,635,572€ as
compared to 867,000€ for CHT. The ICER for one months of OS was €5,152, which can be extrapolated
to €61,826 per year of OS, without adjustments for quality of life and irrespective of other healthcare
cost, as these data were not available in our dataset. These figures are in line with similar observations
from France for patients with PD-L1>50%,[34] where an ICER of €66,825 per life year and
€84,097/QALY were reported as likely cost-efficient assuming a willingness-to-pay threshold at
100,000€/QALY. Still, in our cohort, reflecting the crossing of the OS curves with no OS benefit in the
first 6 months of therapy, the additional cost of ICI treatment appears enormous and equity in
healthcare allocation is an ongoing and eagerly debated issue.

Our analyses and the reported results have several strengths and limitations: Using propensity
score matching of two cohorts fully evaluated and treated at the same center, by largely the same
medical team and using very similar CHT regimens, our analyses offer a good estimation of the real-
life effects of the introduction of first-line ICI treatment, together with its costs. Still, the development
in cancer diagnostics and treatment, as well as in supportive management has been rapidly evolving
in the recent years and this likely has caused imbalances between the two groups that could not be
fully accounted for by propensity score matching. The case numbers of both cohorts are comparably
low, so that 1:1 matching was used, which means that there might be limitations in applying the
results to larger populations. Additionally, due to the retrospective study design, we could neither
include the cost of comedication, hospitalizations, or treatment of complications, but only the true
medication costs of the evaluated anticancer therapies. Additionally, these are difficult to compare
internationally due to national regulations and health system-dependent variability, as well as site-
specific consideration such as reimbursement models like pay-for-performance or discounts. How-
ever, within those limitations, we found very comparable costs as also reported by other European
groups.[24,34] Furthermore, we could not provide quality of life data, which makes comparability
with other, more elaborate cost-efficacy analyses difficult. It should be emphasized that the mere
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prolongation of the survival time does not allow to draw conclusions about the patient’s physical and
mental condition during this time.

We conclude that in patients with advanced NSCLC treated with first-line Pembrolizumab in a
single-center retrospective cohort, results paralleled the data published in the respective phase III
trials. Patients had significantly longer PFS and OS as compared to historical cohorts of propensity
score matched first line CHT patients. However, there was excess mortality of first-line ICI-treated
patients as compared to CHT patients in the first six months of therapy and the therapeutic benefit
of ICI in further course of treatment went along with considerably higher treatment costs. However,
rather than saving money by denying patients effective therapies, more resources should be allocated
to the development of evidence-based biomarker and decision-support tools, as well as to early de-
tection and smoking cessation and prevention programs.
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