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Abstract

Background: Beta blockers have been associated with anti-tumorigenic effects, potentially by
reducing adrenergic-mediated stress responses. Preclinical studies have additionally shown that
beta blockade may enhance the efficacy of cancer immunotherapy. We investigated lung cancer
patients who concomitantly used beta blockers and immune checkpoint inhibitors, with the
hypothesis that beta blockade would positively impact clinical outcomes.

Methods: We retrospectively reviewed the health records of 109 patients who were treated at
Northwestern University between January 2014 through August 2018 with immune checkpoint
inhibitors for non-small cell lung cancer (NSCLC). Comparisons of overall survival (OS) and
progression-free survival (PFS) were performed using Kaplan-Meier analysis with log-rank test,
and a univariate regression analysis was performed with a Cox proportional hazards model

Results: Among 109 patients treated with immune checkpoint inhibitors for NSCLC, 28 of them
were concomitantly prescribed beta blockers. Use of beta blockers was associated with increased
PFS, with hazard ratio (HR) of 0.58 and 95% confidence interval (Cl) of 0.36-0.93. There was not
a significant increase in overall survival (OS) among patients who took beta blockers (HR 0.66,
95% CI 0.38-1.17). In a regression model, beta blockers were identified as predictive of PFS, as
were non-squamous histology, tumor PD-L1 positivity, and lower line of treatment.
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Conclusions: Our data suggests beta blocker use may be associated with improved PFS among
patients treated with immune checkpoint inhibitors for NSCLC. This was a small study and these
findings should be further validated in prospective clinical studies.

MicroAbstract

Keywords

This study retrospectively assessed the effect of beta blockers on clinical outcomes in lung cancer
patients who were treated with immunotherapy. Beta blocker use was associated with improved
progression-free survival in these patients. These findings align with prior work regarding the
importance of stress signaling in anti-cancer immunity and should be further explored in
prospective studies.

beta blocker; lung cancer; immunotherapy; stress response

Introduction

The stress response has been increasingly recognized as a contributor to tumorigenesis and
cancer progressionl2, Stress can markedly elevated catecholamine levels, which in turn
activate downstream pathways via adrenergic receptors (ARs)3. Beta-adrenergic signaling
has specifically been shown to influence diverse cancer-related processes, including
angiogenesis, tumor invasion, and metastatic spread2. Clinical benefit from beta blocker
therapy has accordingly been observed in both preclinical models of cancer and in clinical
studies.

Large retrospective studies have demonstrated an association between beta blocker use and
improved survival outcomes in malignant melanoma?, breast cancer®-/, epithelial ovarian
cancer8, and colorectal cancer®. However, other groups have reported conflicting results,
including in melanomal® and in a population-based study of multiple solid tumor types?L.
Clinical data regarding beta blockade in lung cancer has been limited. One study found a
positive survival effect of beta blockers among patients who received definitive radiotherapy
for non-small cell lung cancer (NSCLC)2. Stress hormone-mediated activation of beta-ARs
in NSCLC has also been shown to mediate resistance to EGFR inhibitors through induction
of interleukin 613,

In addition to beta blockers, antidepressant medications are able to modulate the stress
response, and preclinical data have suggested that both selective serotonin reuptake
inhibitors (SSRIs) and tricyclic antidepressants (TCAs) possess anti-tumor effectsl4. SSRIs
in particular have been associated with reduced risk of developing colorectal cancer!® and
decreased time to progression in ovarian cancert®. This effect has been equivocal in other
tumor typesl’, and a retrospective review of patients with NSCLC demonstrated no impact
of antidepressant use on survival outcomes8.

Since these studies, the treatment of NSCLC has been transformed by the development of
immune checkpoint inhibitors!®, which hinder immune regulatory pathways and thus
promote anti-tumor immune activity. Interestingly, beta-adrenergic signaling has been shown
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to be closely intertwined with immune function. It has specifically been linked to reduced
proliferation of CD8+ T cells2%, as well as to increased immune suppressive activity via
regulatory T cells?! and myeloid-derived suppressor cells?2. These findings are consistent
with more general observations that the stress response can hinder the anti-tumor immune
responseZ3,

Based on this data, it has been speculated that inhibiting beta-adrenergic signals may
enhance the efficacy of cancer immunotherapy. In mouse models of melanoma, inhibition of
beta-adrenergic signaling led to increased tumor infiltration by cytotoxic T cells24,
Importantly, these immunologic changes then were linked to improved efficacy of immune
checkpoint inhibitors2>. Another study found that beta blocker usage correlated with
improved overall survival in patients with melanoma who received immunotherapy, and
further found that markers of immune activity were elevated in mice after administration of
beta blockersZ6.

Comparable studies have not yet been reported in lung cancer. We hypothesized that a
similar clinical benefit would be seen in NSCLC. We therefore performed a retrospective
analysis of patients with NSCLC to determine the impact of beta blocker use on clinical
outcomes after treatment with immune checkpoint inhibitors.

Materials and methods

Patients and data collection

The Pathology Department at Northwestern University Feinberg School of Medicine
maintains a database of patients who underwent pathologic analysis for lung cancer. This
database was searched for patients with stage IV NSCLC (per American Joint Committee on
Cancer, eighth edition), who were treated with either ICIs or combination chemotherapy
with ICls from January 2014 to August 2018. A total of 109 patients were retrospectively
identified.

We used patient medical records to ascertain information on beta blocker usage, which was
defined by documented use of any beta blocker at the time of initiating ICI treatment.
Patients were excluded if beta blockers were discontinued within 3 months of starting ICls.
The type of beta blocker and indication were noted. The following information was also
obtained from patient records: demographic data, smoking status, performance status, line of
treatment, tumor positivity for PD-L1, and survival outcomes. PD-L1 tumor status was
measured using the VENTANA PD-L1 SP-142 clone (Ventana Medical Systems Inc.,
Tucson, AZ) as assessed by Northwestern University pathologists. Positive PD-L1 staining
was defined as greater than 50% of tumor cells.

Statistical analysis

Comparison of clinical characteristics between the beta blocker and non-beta blocker groups
was carried out using chi-squared or Fisher’s exact test. Progression free survival (PFS) was
measured from the date of ICI initiation to the date of first documented disease progression
based on iRECIST criteria’. Overall survival was measured from the date of ICl initiation
to the date of death or last follow-up. Kaplan-Meier analysis with the log-rank test was used
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to determine difference between survival outcomes. These calculations were performed in
GraphPad Prism version 7 (La Jolla, CA). The Cox proportional hazards regression model
was used to determine association between clinical variables and survival outcomes in a
univariate analysis. This analysis was performed using R28. P-values are represented by * p
<0.05, ** p<0.01, *** p <0.001.

Patient characteristics

A total of 109 patients were identified based on the eligibility criteria, and 28 of these
patients were simultaneously on beta blockers. Three additional patients were discontinued
from beta blockers within 3 months of ICI. Patients who were prescribed beta blockers were
more likely to be older (p = 0.010, Table 1). There were no differences the two groups in
regards to sex, race, BMI, smoking history, tumor pathology, and ECOG performance status.
Tumor PD-L1 status was available for 66.4% of patients, and there were no differences
between the two groups in regards to PD-L1 positivity. There was also no difference
between the groups regarding choice of ICI and line of treatment (Table 1). Among patients
who were using beta blockers, 4 out of 28 (14.3%) were on a non-selective beta blocker.

Survival outcomes with beta blocker use

The median follow-up time for patients taking beta blockers was 12.3 months, while the
median follow-up time for patients not taking beta blockers was 8.5 months. Patients who
took beta blockers concurrently with receiving ICls had prolonged progression-free survival
(PFS) compared to those not using beta blockers, with a hazard ratio (HR) of 0.58 and 95%
confidence interval (Cl) of 0.36-0.93 (Figure 1A). There was no statistically significant
difference in overall survival (OS) between the two groups (HR 0.66, 95% CI 0.38-1.17,
Figure 1B). There remained a significant difference in PFS when comparing patients on
selective beta blockers with patients not on any beta blockers (HR 0.52, 95% CI 0.31-0.87,
Figure 1C-D).

Patients who were initiated on beta blockers within 3 months of starting ICls were compared
to those who were chronically on beta blocker therapy (i.e. greater than 3 months prior to
starting ICIs). Only 6 patients were newly started beta blockers with ICls, but no difference
in PFS (HR 0.75, 95% CI 0.23-2.51) or OS (HR 0.91, 95% CI 0.29-2.83) was detected
between these groups (Figure 1E-F).

Finally, 37 patients were noted to have intracranial metastases, a finding traditionally
associated with poor patient survival 2. Of these patients, 8 were taking beta blockers
concomitantly with their cancer treatment. Patients on beta blocker therapy did not have
statistically significant improvement in PFS (HR 0.46, 95% CI 0.19-1.10) but did have
improved OS (HR 0.10, 95% CI 0.04-0.30, Figure 1G-H).

Use of other stress-related medications

Patients were also assessed for concomitant use of other medications that may assess the
stress response. These included antidepressant medications, which were defined as selective
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serotonin reuptake inhibitors (SSRIs), selective norepinephrine reuptake inhibitors (SNRISs),
tricyclic antidepressants (TCAs), and the atypical antidepressants bupropion and
mirtazapine. Antidepressant medications were utilized by 38.5% of patients and SSRIs were
prescribed to 14.7% of patients. In addition, 35.8% of patients used benzodiazepines.

With all these drug classes, no statistically significant difference in PFS or OS was found
between patients taking or not taking these medications (Figure 2). Patients on
antidepressants did not exhibit difference in PFS (HR 0.82, 95% CI 0.52-1.30) or OS (HR
0.62, 95% CI 0.37-1.05). Similar results were seen with SSRIs in regards to PFS (HR 0.92,
95% ClI 0.49-1.72) and OS (HR 0.58, 95% CI 0.30-1.11). Finally, benzodiazepine use was
associated with non-significant signals towards worse PFS (HR 1.32, 95% CI 0.81-2.15) and
OS (HR 1.19, 95% CI 0.69-2.05).

Clinical covariates

Finally, a univariate Cox proportional hazards regression model was applied to relevant
clinical variables to determine their association with progression-free survival. Beta blocker
use was again shown to have a statistically significant association with prolonged PFS (p =
0.046, Table 2). In addition, non-squamous histology (p = 0.006), tumor PD-L1 positivity (p
=0.017), and lower line of treatment (p < 0.001) were all associated with increased PFS.

Discussion

We sought to investigate the relationship between beta blocker use and clinical outcomes
with immune checkpoint inhibitors in NSCLC. In a retrospective study, we found that
treatment with beta blockers was associated with improved progression-free survival in these
patients. To our knowledge, this is the first study to demonstrate a benefit in progression-free
survival with combined beta blockers and ICls in NSCLC.

These findings are consistent with a growing body of evidence suggesting that beta
adrenergic signaling plays an important role in tumorigenesis, cancer progression, and tumor
adaptations to immune surveillance. At the cellular level, beta-ARs can stimulate the
mitogen-activated protein kinase (MAPK) pathway and downstream proliferative signals3C,
and also activate cyclic AMP and protein kinase A (PKA), which in turn leads to enhanced
expression of vascular endothelial growth factor and immune checkpoints3L. In addition,
beta-ARs have been shown to regulate immune responses, including by suppressing activity
of CD4+ and CD8+ T lymphocytes32:33, Stress in general has been shown exert a negative
effect on antitumor activity23. However, other medications related to psychologic and
physiologic stress, such as antidepressants and benzodiazepines, were not associated with
improved survival. This result implies that the benefit seen with beta blockers is mediated
directly through adrenergic receptors, rather than through a broader effect on patient stress.

The beta blocker and non-beta blocker groups were overall well-matched in terms of
demographics. The only statistically significant difference was in age, with patients taking
beta blockers being older on average. This age discrepancy would if anything be expected to
negatively skew outcomes in this group34, making it possible that our results underestimate
the impact of beta blockers. Conversely, we note that patients taking beta blockers had a
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higher rate of receiving IClIs as first line therapy (39% vs 30%), potentially biasing results in
favor of the beta blocker group. Multiple studies have shown that PFS is markedly longer
when ICls are used in the first line as opposed to second line setting3:36, However, the
difference in first-line use was not statistically significant in our analysis, and there was no
difference in the use of concurrent chemotherapy.

Due to a low sample size, we were unable to assess for difference in responses between non-
selective and selective beta blockers. Though conflicting results have been published in the
literature, most prior studies have demonstrated a greater anti-tumor effect with non-
selective beta blockers®8. These agents, such as propranolol and carvedilol (which also has
alpha-adrenergic antagonism), have the benefit of acting against both beta-1 and beta-2 ARs.
Several preclinical studies have suggested that the beta-2 AR is primarily responsible for the
deleterious effects of stress hormones. Given that both beta-1 and beta-2 AR are expressed
in lung cancer tissuel3, and that even selective beta blockers have some affinity for beta-2
ARs, it is possible that any beta blocker may be sufficient to exert the desired effect. We also
speculate that the clinical benefit we observed may have been greater if a higher proportion
of patients were taking non-selective beta blockers.

Both increased stress and adrenergic signaling have specifically been shown to facilitate
cancer metastasis, especially to the brain3’. Meanwhile, brain metastases have been shown
to portend particularly poor prognosis in patients with NSCLC38. We thus examined the
effect of incidental beta blocker use in this population. Our analysis was limited by low
sample size, but it interestingly demonstrated that beta blockers conferred a strong overall
survival benefit, a finding that merits further investigation.

Limitations of our study include the retrospective design and the relatively modest sample
size. The multivariate analysis was further limited by unavailability of PD-L1 tumor
expression data for a significant minority of patients. Both of these factors may explain the
lack of factors, including beta blocker use, that were predictive in our multivariate model.
Given the importance of PD-L1 as a biomarker for ICIs, we did not feel it would be useful to
omit this variable from our analysis. This cohort also had a high percentage of patients who
were administered immune checkpoint inhibitors as second- or later-line treatment. It is
unclear if results would be different in a cohort reflecting current guidelines, in which more
patients would receive ICIs with or without chemotherapy as first-line therapy.

Application of these findings could potentially be quickly implemented and cost-effective,
given the extensive prior experience with beta blockers for other indications. Clinical trials
are already underway evaluating the benefit of adjunctive beta blockers with ICIs in
melanoma3?, and should be pursued in non-small cell lung cancer. If validated in prospective
studies, beta blockers could prove to be an important tool in abetting the effect of
immunotherapy.
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Clinical Practice Points

Previous investigations have demonstrated that the stress response can
adversely affect the anti-tumor immune response.

Beta blockers can blunt stress signaling and have been shown to affect
multiple cancer-related processes in preclinical models.

Several retrospective studies have suggested a positive benefit of beta
blockers in cancer patients, including those with melanoma treated with
immunotherapy. However, the impact of beta blocker usage has not been
significantly explored in lung cancer.

We performed a retrospective cohort study of 109 patients with non-small cell
lung cancer who were treated with immune checkpoint inhibitors.

We found that concomitant use of beta blockers was associated with improved
progression-free survival in this cohort, with a hazard ratio of 0.58.

This effect was seen with beta blockers but not with other medications
associated with the stress response.

Given the widespread use of beta blockers and their general tolerability, the
potential ability of beta blockers to abet the efficacy of immunotherapy could
represent a cost-effective and easily implementable therapeutic tool.

The potential antitumor effects of beta blockers should be validated
prospectively in clinical trials.
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Figure 1. Survival outcomes in association with beta blocker use.
(A) Use of beta blockers and immune checkpoint blockade was associated with longer PFS

but (B) not OS in a Kaplan-Meier analysis. (C) Similar analysis performed showed
difference in PFS but (D) not OS for the subset of patients with selective beta blockers. (E)
There was no difference in PFS or (F) OS between patients who started beta blockers within
3 months of starting immunotherapy or prior to 3 months. (G) There was no statistically
significant difference in PFS among patients with intracranial metastases, but (H) there was
improved OS with beta blocker use.
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Figure 2. Survival outcomes in association with other stress-related medications.
Kaplan Meier plots showing no differences in (A) PFS or (B) OS between patients taking

and not taking antidepressant medications. Similar results were obtained when categorizing
by (C-D) selective serotonin reuptake inhibitors use and (E-F) benzodiazepine use.
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Table 1

No beta blocker (n=81) Beta blocker (n=28) p-value

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Age (vears) 65.7+12.5 73.7+10.1 0.01
Sex (%) 0.80
Male 42.0 39.3
Female 58.0 60.7
Race (%) 0.39
White 64.2 64.3
Black 16.0 25.0
Other 19.8 10.7
BMI (kg/n?) 26.115.9 28.145.8 0.12
Smoking history (%) 0.65
Never 24.7 143
< 15 pack-years 14.8 21.4
15-29 pack-years 21.0 21.4
> 30 pack-years 39.5 429
Histology (%) 0.71
Adenocarcinoma 79.0 85.7
Squamous cell carcinoma 12.3 7.1
Other 8.6 7.1
Treatment (%) 0.45
Nivolumab 49.4 46.4
Pembrolizumab 35.8 46.4
Atezolizumab 14.8 7.1
Concurrent chemotherapy (%) 0.95
Yes 111 10.7
No 88.9 89.3
Line of treatment (%) 0.33
First 29.6 39.3
Second 58.0 57.1
Third or higher 12.3 3.6
ECOG performance status (%) 0.33
0 17.3 7.1
1 59.3 64.3
2 19.8 17.8
3 3.7 10.7
CNS disease (%) 0.49
Yes 35.8 28.6
No 64.2 71.4
Tumor PD-L 1 status (%) 0.79
Positive 25.9 25.0
Negative 39.5 46.4
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No beta blocker (n =81) Beta blocker (n=28) p-value

Unknown

34.6 28.6
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Table 2
Univariate Cox Multivariate Cox
HR  95%Cl p-value HR 95%Cl p-value
Beta blocker use (yes vs. no) 0.58 0.33-099 0.046 048 0.23-1.01 0.054
Age (continuous) 0.99 0.97-1.01 0.360 0.98 0.98-1.02 0.195
Sex (male vs. female) 1.09 0.68-1.74 0.715 096 0.49-1.88 0.895
BMI (continuous) 0.96 0.92-0.99 0.027 0.97 0.93-1.02 0.263
Smoking (former or current vs. never) 094 0.54-1.64 0833 0.85 0.39-1.82 0.670
ECOG performance status (0/1 vs. 2/3) 095 057-161 0861 0.85 0.38-1.87 0.683
CNS metastasis (yes vs. no) 0.99 0.60-1.61 0.958 1.03 0.51-210 0.926
Tumor PD-L1 status (positive vs. negative)  0.45  0.23-0.87 0.017 057 0.26-1.26  0.166
Line of treatment (1st vs. 2nd or higher) 0.33 0.19-0.58 <0.001 0.33 0.13-0.87 0.025
Concurrent chemotherapy (yes vs. no) 0.42 0.15-1.15 0.092 040 0.08-2.04 0.270
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