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Abstract

BACKGROUND: Depression is highly prevalent in lung cancer. Although there is a known
association between inflammation and depression, this relationship has not been examined in
patients with lung cancer who undergo treatment with immune and other targeted drug therapies.
Peripheral blood C-reactive protein (CRP), a marker of systemic inflammation, may help identify
metastatic lung cancer patients with inflammation-associated depression.

METHOD: Patients with metastatic lung cancer undergoing treatment were evaluated for
depression using the Hospital Anxiety and Depression Scale (HADS). Inflammation (CRP and
CRP cutoffs =1 and =3 mg/mL) and demographic and treatment variables were analyzed for
association with depression.

RESULTS: One hundred nine consecutive participants exhibited an average plasma CRP
concentration of 1.79 mg/mL (median, 0.75 mg/mL [standard deviation, 2.5 mg/mL), and 20.7%
had a CRP concentration of 23.0 mg/mL; 23.9% met depression screening criteria (HADS 28). A
log transformation of CRP was significantly correlated with depression severity (r=0.47, P<.
001). CRP was the only covariate to predict depression severity (P =.008) in a multivariate model
including lung cancer disease subtype and type of systemic treatment. Receiver operating
characteristic analysis indicated that CRP had moderate predictive accuracy in identifying elevated
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depression (area under the curve = 0.74). A cutoff of CRP =3.0 generated high specificity (88%)
but identified only 50% of those with elevated depression.

CONCLUSION: Elevated CRP is associated with depression in patients with metastatic lung
cancer. Thus, CRP may identify a subset of lung cancer patients with inflammation-induced
depression and may be useful in predicting response to treatments that target inflammation or its
downstream mediators on the brain.

Keywords

lung cancer; depression; C-reactive protein; inflammation; acute phase reactant; hospital anxiety
and depression scale

INTRODUCTION

Lung cancer has one of the highest rates of comorbid depression among all cancer types.1:2
Unfortunately, the highest rates of depression are in patients whose cancers have the poorest
survival rate.3 Based on a large cohort of studies, the prevalence of depression in lung cancer
ranges from 16% to 29%,%° rates that exceed the average prevalence of major depression in
cancer more generally, which is approximately 15%.2 A contributing factor for the high rate
of depression in patients with lung cancer may be inflammation, because inflammation is
elevated in both conditions. As such, lung cancer provides an environment enhanced with
patients who are living with chronic inflammation. Moreover, inflammation has been
associated with depression in multiple clinical settings, including medically healthy and
chronically ill patients.5-8 Indeed, increased peripheral biomarkers of inflammation have
been found in a subset of patients with depression and in the development and perpetuation
of depression in population-based and case-controlled studies.9-14 Medical illnesses,
including lung cancer, are also associated with both higher rates of inflammation and a
higher prevalence of depression including treatment refractory depression,1:16

Tumor necrosis factor a,, interleukin-6, and interleukin-1f are proinflammatory cytokines
that are most commonly and consistently associated with depression.1’19 In lung cancer,
biomarkers such as interleukin-6 and tumor necrosis factor a are elevated in patients with
depressed states.20 Nevertheless, the clinical usefulness of this association is complicated by
a number of factors. Concentrations of these cytokines are not routinely measured in hospital
or clinic laboratories, and diurnal and other physiologic variations in cytokines whose half-
lives are relatively short make single time point sampling logistically complicated.
Therefore, the association between depression and specific inflammatory cytokines has not
led to practice-changing knowledge in the treatment of depression in the setting of chronic
inflammation.

C-reactive protein (CRP) is an acute phase reactant and biomarker produced by the liver in
response to multiple proinflammatory cytokines, especially interleukin-6, and increases by
at least 25% with general inflammation.21:22 Peripheral blood CRP has been associated with
depression and other measures of psychological distress in both medically healthy and
chronically ill populations.123 Of note, peripheral blood CRP has also recently been shown
to correlate strongly with central (ie, cerebrospinal fluid [CSF]) CRP, which has in turn been
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correlated with inflammatory markers in CSF.24 Cutoff points have been established for the
delineation of inflammation, with CRP >1 mg/L and >3 mg/L indicating moderate and high
inflammation, respectively.2>26 CRP has a relatively long half-life and is therefore less
susceptible to diurnal/circadian fluctuations.?” In addition, CRP is easily obtained by routine
laboratory testing and may be followed in a primary medical setting as a part of routine
laboratory work. Because the CRP laboratory test is a standard laboratory value that exhibits
less fluctuation than proinflammatory cytokines, it has distinct clinical advantages as a
general measure of inflammation over cytokine assays that are subject to greater variation
and are not immediately available in clinical practice.28 Given its ability to measure chronic
inflammation, CRP has been studied in the lung cancer context as both a measurement of
lung cancer risk and as a prognostic marker of disease activity once lung cancer has been
diagnosed.22:30 However, it has not been studied in relation to depression in lung cancer or
while undergoing anticancer treatments. Understanding its role as a marker of inflammation
that may be associated with the presence of depression in patients with metastatic lung
cancer has important and specific treatment implications. Inflammation has been linked to
poor recovery from depression and appears to make certain antidepressant medications and
psychotherapies less effective.31-33

At present, the selection of depression treatments in the lung cancer setting remains a trial-
and-error endeavor. The identification of an inflammatory phenotype of depression that
responds preferentially to a specific antidepressant, anti-inflammatory medication, and/or
psychotherapy would begin to transform the management of depression into an
individualized and tailored approach. In addition, the identification of demographic and
treatment factors that predict depression would also be helpful to stratify lung cancer
patients who are at risk for depression associated with inflammation. Therefore, we
conducted a cross-sectional study of CRP with demographic and treatment variables in
patients with stage IV lung cancer who were receiving anticancer treatment. The goal of this
study was to establish an investigational foundation to understand the relationship between
inflammation and depression in the setting of ongoing anticancer treatments in patients with
metastatic lung cancer.

PATIENTS AND METHODS

Patients

The Memorial Sloan Kettering Cancer Center Institutional Review Board (IRB) approved
this study in May 2018. Surveys and routine blood work (CRP) were collected as standard of
care practice from May 2017 to November 2017.

Men and women with histologically confirmed stage IV lung cancer who were undergoing
active treatment, spoke English, and had a performance status of ECOG 2 or greater were
included. Participants with other cancers or not undergoing treatment for stage IV lung
cancer were excluded. Participants had to be on active treatment for at least 1 month and had
to be more than 1 month from receiving the diagnosis of lung cancer to be included.
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Patients were asked to complete a one-time survey by a treating staff member (eg, nurse
practitioner, medical oncologist). They filled out the questionnaire containing standardized
survey questions, and CRP laboratory values were obtained the same day that the
questionnaires were completed. Available psychological services were provided in the
survey, and patients were asked to raise any concerns with clinic staff and, in particular, to
tell a staff member if they felt significantly depressed or had suicidal ideation. The surveys
were collected as routine standard of care screening as per distress screening guidelines.

Patient demographic and medical characteristics—Patient demographic
information was obtained from the medical record and included age, race/ethnicity, sex,
marital status, body mass index, length of time since diagnosis, type of treatment (eg,
chemotherapy, immunotherapy, targeted therapy), line of treatment (ie, first, second, third or
beyond), and whether they were taking an antidepressant medication.

Biological characteristics (CRP)—CRP values were obtained by way of turbidimetric
immunoassay in a Clinical Laboratory Improvement Amendments (CLIA)-certified lab.34
The inter- and intra-assay coefficient of variation was reliably less than 5%. For some
analyses, CRP cut-points of 1 mg/mL and 3 mg/mL were used. A cut-point of 1 mg/mL was
chosen because of its use in evaluating antidepressant responses in recent studies.2>26 A cut-
point of 3 mg/mL was chosen on the basis of functional magnetic resonance imaging data
showing depletion of dopa-mine in participants with CRP elevations above this threshold.10

Depression—Depression severity was measured by the Hospital Anxiety and Depression
Scale (HADS), which has been validated in the lung cancer setting.3>36 The HADS is a 14-
item symptom rating scale that was developed to identify clinically significant cases of
anxiety and depressive disorders among medically ill patients.3®> Unlike most symptom
rating scales, physical symptoms are excluded from the HADS due to the potential
confounding effects of illness on symptoms such as sleep, appetite disturbance, and fatigue.
The HADS is divided into an anxiety subscale (HADS-A) and a depression subscale
(HADS-D). Responses are rated 0 to 3 points such that total scores on the HADS-A and
HADS-D may range from 0 to 21 points. A cutoff of 8 on the HADS-D subscale is most
commonly used to identify clinically significant depression, with an average sensitivity and
specificity of 0.80.3%:37 Because research on inflammation has focused primarily on
depression, not anxiety, only HADS-D data were analyzed in this study.

Statistical Analysis

The primary outcome of this study was severity of depressive symptoms, and in particular,
its association with CRP in patients with metastatic lung cancer. Because CRP data are not
normally distributed (see below), CRP values were log-transformed before data analysis;
however, untransformed values are also reported for ease of interpretation. Univariate
associations between patient demographic and medical characteristics with depression
(HADS-D) and CRP were assessed with Spearman correlation coefficients (rank-order
correlations for age, body mass index, time since diagnosis), independent #tests
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(dichotomous variables of race/ethnicity, marital status, antidepressant use), and analysis of
variance (categorical variables of type of treatment, disease status). Statistically significant
covariates were selected for inclusion in multiple regression analysis. For multilevel
categorical variables, dummy coding was used to assess the contribution of treatment type
(ie, immunotherapy and targeted therapies; chemotherapy was set as the reference variable)
and disease type (ie, squamous cell and small cell lung cancer; adenocarcinoma was set as
the reference variable). Finally, to assess the predictive accuracy of CRP in identifying
clinically significant depressive symptoms, receiver operating characteristic curve analysis
was used, with the area under the curve statistic used to quantify sensitivity and specific
across a range of possible CRP cut-scores. Statistical procedures were performed using
SPSS version 24 software (SPSS, Chicago, Illinois), and all statistical tests were 2-tailed
with a 5% significance level.

RESULTS

Out of 140 potential participants, 109 returned survey information (77.9% response rate).
Sample characteristics are presented in Table 1. The average age was 65.9 years, and the
majority of patients were women (62.4%), white (85.2%), and married (69.7%). Most
patients had adenocarcinoma non-small cell lung cancer (71.8%) and were receiving
chemotherapy (45.2%), followed by immunotherapy (33.7%) and targeted biologic therapy
(21.2%). Twenty-six of the 109 participants had clinically significant symptoms of
depression (23.9%) (HADS-D =8).

The mean CRP concentration of the sample was 1.79 mg/mL (median, 0.75 mg/mL [SD, 2.5
mg/mL]) with a range of <0.05 to 18.51 mg/mL. As expected, CRP values were highly
skewed and kurtotic (skew = 2.45, kurtosis = 6.78); the distribution approximated a normal
distribution following log transformation (skew = —0.78, kurtosis = 0.85). The CRP cutoff of
>1 mg/mL was met by 45.3% of the sample and the cutoff of =3 mg/mL was met by 20.7%.

Depression was significantly associated with CRP (P < .001), receiving chemotherapy (P=.
006), and small cell lung cancer subtype (P=.021) (Table 2). However, when these variables
were included in a multiple regression analysis predicting depression, only CRP (log-
transformed) was significantly associated with depression (adjusted A2 = 0.23, £=.001)
(Table 3). Linear regression revealed that CRP was a predictor for approximately 20% of
depression variability (adjusted /2 0.2, £=.001) (Fig. 1). In addition, patients who had
clinically significant depression scores (HADS-D=8) had higher median CRP levels (3.4
mg/mL versus 1.3 mg/mL) (P=.003) and were more likely to be receiving advanced lines of
treatment (P=.24).

Receiver operating characteristic curve analysis indicated a moderate level of predictive
accuracy for CRP values (area under the curve = 0.743, < .001) (Fig. 2). When examining
previously established CRP cut-points, both the =1 mg/mL and =3 mg/mL CRP cutoffs were
associated with clinically significant depression symptoms (£ < .001) (Table 4). Of those
meeting depression screening criteria (ie, sensitivity), 76.9% had a CRP level =1 mg/mL and
50% had a CRP level =3 mg/mL. Specificity was 65% for CRP =1 mg/mL and 88% for CRP
=3 mg/mL.
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Eighteen (16.5%) participants reported that they were taking antidepressant medication,
including only 7 of the 26 participants (26.9%) with clinically significant depression. As
shown in Table 2, there was no univariate association between antidepressant use and
severity of depressive symptoms. Moreover, when antidepressant use was included as an
interaction term in a regression model predicting depression severity, there was no evidence
that this variable mediated or moderated the effect of inflammation on depression (P = .28).

DISCUSSION

Inflammation in lung cancer is associated with depression both in terms of severity and
clinical significance. Both inflammation and depression were elevated and significantly
associated in this population of lung cancer patients actively undergoing anticancer
treatments. Although small cell lung cancer, advanced lines of treatment, and receiving
chemotherapy were also associated with depression, inflammation as reflected by CRP was
the strongest predictor of depression. The rate of depression was consistent with other
cohorts of lung cancer patients using various measures of depression.2-38 The level of
inflammation as measured by CRP was higher on average than medically healthy
populations.3940 However, the distribution revealed that approximately one fifth of patients
had significantly elevated CRP (=3 mg/mL), which seems to be a representative rate among
medically ill patients from various medical conditions associated with inflammation.* In
addition, patients with moderate or high inflammation were more likely to have clinically
significant depression. This distribution suggests that patients with metastatic lung cancer
receiving anticancer treatments are enhanced with for inflammation and that this population
would represent an ideal cohort in which to study the treatment of inflammation-associated
depression. Preliminary work suggests that CRP may predict checkpoint inhibitor response
and therefore could be used more routinely in the future with increasing use of
immunotherapy.#2 It should be noted that inflammation is not present in all cases of
depression in the lung cancer setting and may not represent a causal relationship, given the
cross-sectional nature of this study.

Nevertheless, the question of addressing the inflammatory component associated with this
type of depression is compelling.#3 Successful identification of preferential response to
treatment would escalate the selection of antidepressant pharmacotherapy from a trial-and-
error endeavor to a practice that uses a predictive biomarker in its treatment of depression.
Enhanced depression treatment would be especially helpful in the lung cancer setting, where
the prevalence of depression is the highest of all cancer subtypes, and its treatment could
fulfill this unmet need.*4

The pharmacologic treatment of inflammation associated depression has focused on either
reducing inflammation or increasing dopamine, which has been shown to be depleted in the
setting of inflammation.#> Although there are data regarding the efficacy of using anti-
inflammatory agents to treat depression,*3 the use of antidepressant drugs that facilitate the
availability of dopamine are already in clinical use for depression and therefore hold more
immediate clinical relevance as a feasible option for a depressed patient who is medically ill.
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Studies have shown that exposure to chronic inflammation leads to decreased dopamine in
the brain of nonhuman primates.#6 Moreover, CRP levels >3 mg/mL were associated with
decreased connectivity among dopamine-rich reward circuitry in depressed patients as
revealed by functional magnetic resonance imaging.19:4547 While serotonin is typically
thought of as the neurotransmitter most commonly associated with depression, the absence
of dopamine and its metabolites led to the depressive symptoms of anhedonia, fatigue, and
psychomotor retardation.> This combination of symptoms is often referred to as “sickness
behavior” and appears to reflect an inflammation-based depressive syndrome.#8 In this way,
dopamine and neurons involved in dopamine synthesis play a pivotal role in modulating
depressive symptoms.#950 A lack of dopamine due to inflammation may explain treatment
refractoriness, particularly in the medical setting, where inflammation is more common—
that is, treatment refractoriness is more likely in patients with inflammation who are treated
with selective serotonin reuptake inhibitors (SSRIs) that only target serotonin and not the
reuptake of dopamine.33

Two primary studies have evaluated CRP as a predictive marker to direct antidepressant
treatment in patients with elevated CRP levels. The retrospective study by Jha et al®
revealed that depressed patients who also had inflammation (CRP =1 mg/L) responded to the
addition of buproprion, an atypical antidepressant that increases dopamine, over
monotherapy with the typical SSRI, escitalopram. Uher et al?8 prospectively found that CRP
(using a cutoff of CRP =1) predicted treatment outcome with depressed inflamed patients
who experienced less depression after using nortiptyline, a tricyclic anti-depressant that
increases catecholamines in neurotransmitters over escitalipram, a standard SSRI that does
not increase catecholamines or dopamine. These studies were performed in noncancer
populations that were not necessarily enhanced with for inflammation.

Depression treatment trials—especially those examining psychopharmacologic treatments—
for patients with cancer are lacking, and selective or targeted depression treatments are
virtually nonexistent. CRP is a potential predictive biomarker for differential response to
antidepressant treatments that would be particularly useful for patients with lung cancer who
also exhibit high levels of inflammation. A feasibility study evaluating the effectiveness of
antidepressants that upregulate dopamine over SSRIs without dopamine enhancement in
patients with lung cancer and inflammatory depression is clearly warranted. CRP biomarker
cutoffs have been used previously and could be validated in this population.

The strengths of this study are its homogenous clinical population, the preclinical
understanding of inflammation on antidepressant treatments, and the use of an easy-to-
obtain biomarker of inflammation, which makes the data relevant for busy clinicians who
need to identify lung cancer patients with depression and inflammation. The weaknesses of
this study are its cross-sectional design, lack of other measures of inflammation that have
been studied in the lung cancer context previously, lack of other psychological measures of
depression, and a relatively small number of patients. Other variables, such as smoking
status, receipt of nonsteroidal anti-inflammatory drugs or glucocorticoids, or the presence of
active infection or other comorbidities that may affect CRP levels were not addressed.
Antidepressant effect on both inflammation and depression were evaluated and found to not
contribute significantly as an interaction term. However, an interaction effect may not have
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been appreciated, because only a relatively small number of patients were taking
antidepressants.

It should be noted that many participants had a greater than expected time with disease
(mean, 17.8 months [standard deviation, 19.1 months]), younger age, and a higher than
expected prevalence of adenocarcinoma, which may be reflective of participants who self-
select to be treated at an academic institution with access to clinical trials and expertise in
molecular-based therapies. Although the demographics of lung cancer are changing, this
sample may not accurately reflect community-dwelling lung cancer patients.>! In addition,
the study sampled patients before the adaptation of front-line chemoimmunotherapy, which
is why patients were analyzed by treatment types that did not account for chemo-
immunotherapy.>2

Although inflammation was a stronger predictor of depression than illness-related variables,
the relationship between small cell lung cancer, receiving chemo-therapy, and a greater
number of lines of treatment and depression should be noted. Perhaps the symptom and
treatment burden associated with small cell lung cancer, chemotherapy, and later lines of
treatment lead to greater depression symptoms. There may also be a selection bias based on
the timing of treatments. For example, chemo-therapy remained the most common first-line
treatment during this period of treatment. Therefore, patients receiving chemotherapy were
more often at the beginning of their treatment trajectory. Naturally, this cohort included
more patients who had rapidly advancing disease that precluded them from ever receiving
second-line treatments, immunotherapy, or targeted therapies—that is, patients already on
second-line immunotherapy would have a better disease prognosis because they made it to a
second- or even third-line treatment. Therefore, the association between chemotherapy and
depression may represent an association between depression and worse prognosis rather than
chemotherapy independent of inflammation. Alternatively, less depression seen with
immunotherapy and targeted therapies may be reflective of better prognosis of non-small
cell lung cancer and not an inherent property in the treatment itself.

In conclusion, although studies have begun to evaluate the efficacy of using an easily
obtained biomarker such as CRP to select antidepressant treatment, further studies are
needed, and lung cancer may provide a unique setting that enhances for both inflammation
and depression.>3 The appropriate selection of effective antidepressant medication or therapy
in the inflamed, depressed lung cancer setting would reduce the overall burden of depression
in lung cancer patients.
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Figure 1.
Curve estimation of C-reactive protein (CRP) and depression as measured by the Hospital

Anxiety and Depression Scale—Depression Subscale (HADS-D). CRP has been log-
transformed given its skewed distribution (LGCRP). Adjusted /2 =0.2.
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Figure 2.

Receiver operator characteristic (ROC) curve for C-reactive protein and its identification of
clinically significant depression as determined by the Hospital Anxiety and Depression
Scale-Depression Subscale (HADS-D =8).
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TABLE 1.

Clinical and Demographic Characteristics of the Patients (n = 109)

Characteristic

Values

Categorical variables, mean (SD)

Age,y
Body mass index, kg/m?
Time with disease, mo

CRP, mg/mL

HADS-D scorea

Continuous variables, n (%)

65.9 (9.3)
26.1 (5.0)
15.4 (17.3)
1.79 (2.5)

49 (3.7)

Met criteria screen for depressionl7 26 (23.9)

CRP cutoff
>1.0 mg/mL
23.0 mg/mL

Sex
Men
Women

Disease type

Adenocarcinoma

Squamous cell carcinoma

Small cell lung cancer
Unspecified
Treatment type
Chemotherapy
Immunotherapy
Targeted therapy
Missing
Line of treatment
First
Second
Third or beyond
Missing
Race/Ethnicity
Black
White
Latino
Asian
Married
Yes
No
Antidepressant
Yes

49 (45.3)
23 (20.7)

41 (37.6)
68 (62.4)

79 (71.8)
7(6.4)
18 (16.5)
5 (4.6)

47 (45.2)

35(33.7)

22 (21.2)
6 (5.5)

56 (53.3)

34 (32.4)

15 (14.3)
5 (4.5)

7(6.4)
93 (85.2)
7(6.4)

2(1.8)

76 (69.7)
33(30.3)

18 (16.5)
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Characteristic Values

No 91 (83.5)

Abbreviations: CRP, C-reactive protein; HADS-D, Hospital Anxiety and Depression Scale—-Depression Subscale; SD, standard deviation.
aRange: 0-21.

bHADS—D >8.
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Page 16

Univariate Analyses of Demographic, Physiologic and Treatment Characteristics Related to Depression as

Measured Using the Hospital Anxiety and Depression Scale—Depression Subscale

Univariate Analysis

Variable r P
Age 0.12 38
BMI 0.08 .32
Time with disease -0.06 .75
CRP 047 <.001
F P
Line of treatment? 2.18 12
Treatment typeb 5.42 .006
Disease typec 3.37 .021
Race 0.23 .88
t P
Sex -1.60 11
Marital status 0.90 37
Treatment with antidepressants -1.08 .28

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HADS-D, Hospital Anxiety and Depression Scale-Depression Subscale.

aFirst, second, third and beyond.

bChemotherapy, immunotherapy, targeted therapy.

c . . .
Adenocarcinoma, squamous cell carcinoma, small cell carcinoma.
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