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Simple Summary: this study aimed to address an urgent issue: about 20% of cancer patients
undergoing treatment do not respond adequately to the standard two-dose COVID-19 vaccination.
This highlights the need to identify factors influencing vaccine efficacy in this vulnerable group,
including psychological conditions such as distress, anxiety, and depression. The primary objectives
were to determine whether these psychological factors, along with clinical variables like metastatic
stage and smoking, influenced antibody response and vaccine activation six months post
vaccination. The study also examined changes in psychological distress over time in relation to
gender and education. Results showed that 14.2% of patients did not achieve an antibody response
at six months, with high distress and metastatic cancer as significant predictors of non-response
(OR=2.46, p=0.04). These findings suggest that integrating distress management strategies into
oncology care could enhance vaccine response, supporting improved health outcomes for cancer
patients.

Abstract: In our previous study of 291 cancer patients, we showed that 20% did not respond to two
doses of COVID-19 vaccine administered six weeks apart. Here we investigated if psychological
factors (distress, anxiety and depressive symptoms) affected antibody response and markers of
vaccine activation (D-dimer) after 6 months from initial vaccination. Overall, 31 subjects (14.2%) had
no antibody response at 6 months. Our analysis revealed significant predictors of vaccine failure,
including stage of metastatic disease and high stress levels (OR=2.46, 95% CI, 1.05-5.77, p=0.04).
Notably, nonresponders showed twice the prevalence of distress than responders (21% vs. 10%,
p=0.04). Longitudinal measurements of IgG levels indicated that participants with high depressive
symptoms at baseline maintained lower antibody levels over six months (p=0.003). In addition,
women with high anxiety showed reduced levels of D-dimer at 6 month time (p=0.03). The data also
showed that smokers and former smokers had significantly lower antibody levels than their
nonsmoking counterparts (p=0.0004). At baseline, the high discomfort rate (>5) was 34.4% in women
and 23.8% in men; only men experienced an increase in median discomfort during the observation
period. Moreover, higher educational level was related to increased distress among women
(p=0.046). These findings underscore a critical association between elevated psychological distress
and reduced immune responses to the COVID-19 vaccine, emphasizing the urgent need for targeted
psychological and behavioral support within this vulnerable population.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

SARS-COV-2 has been associated with increased morbidity and mortality in cancer patients
[1,2], indicating the need for a prompt preventive intervention in this fragile population. We
conducted an observational study looking for predictors of poor antibody response to SARS-CoV-2
mRNA BNT162b2 vaccine in cancer patients, including psychological factors. In our initial study
focused on clinical predictors of antibody response, we showed that chemotherapy, targeted therapy,
hormone therapy, lymphocyte count< 1x10%L, and increasing age predicted poor seroconversion
(vaccine failure) after two doses of BNT162b2 in up to 20% of patients [3]. While these clinical factors
are obviously important, the psychological and behavioral characteristics of vaccine recipients also
matter. There is evidence that psychosocial factors influence antibody response to immunity and
vaccination, including covid-19 [4]. Evidence also indicates the influence of psychosocial factors on
immunity [5] and more specifically the antibody response to vaccination [6,7]. In addition,
psychosocial factors such as social cohesion have been shown to be relevant to COVID- 19 vaccine
antibody response [8]. However, the effect of psychological factors on antibody response to COVID-
19 vaccine in an immunocompromised population of cancer patients under active treatment is
unknown.

In the present study, we determined the influence of psychological distress, anxiety and
depressive symptoms on immunogenicity of vaccines in cancer patients undergoing different
treatments through evaluation of rates of anti-spike immunoglobulin G (IgG) antibody positivity
following vaccination with the BNT162b2 SARS-COV-2. Specifically, our prospective cohort study
aimed at assessing which psychological disorders predict a poor seroconversion (a proxy of lack of
vaccine efficacy, [3]) and markers of vaccine activation such as D-dimer [9,10]in this frail population.
D-dimer is a fibrin degradation product which is a prognostic factor for worse outcomes in COVID-
19 patients [9] and a predictor of vaccine-induced thrombocytopenia and thrombosis [10], suggesting
its elevation is a marker of activation of coagulation cascade following COVID-19 vaccine. . Moreover,
since women tend to stabilize their distress during follow-up, whereas men tend to worsen, especially
because of physical and emotional problems [11], we aimed at assessing if there was a different sex
related distress response to vaccination.

2. Materials and Methods
2.1. Study Design and Participants

The main study and subject characteristics have previously been shown [3]. Briefly, we
conducted a prospective, observational cohort study to assess the antibody titer reactogenicity to
BNT162b2 SARS-COV-2 vaccine (Pfizer-BioNTech) in cancer patients on active treatment. Inclusion
criteria were patients with malignancy aged > 18 years, cancer treatment ongoing or ended within
the last 6 months and lymphocytes count > 0.5x10%L (500/uL) based on risk of infections in subjects
on chronic immunosuppressive therapy with lymphopenia< 0.6x10%/L [12]. We categorised patients
based on last systemic treatment (Chemotherapy, Hormone therapy, biological therapy and
Immunotherapy). Patients with last treatment >180 days before the vaccine administration were
considered as untreated.

Participants underwent a clinical visit and blood sample collection: 1) at baseline before the first
vaccine dose [visit 1], 2) 21 days after the first vaccine dose [visit 2], 3) 42 days after visit 1 [visit 3],
and 4) 6 months after visit 1 [visit 4]. The trial was registered at ClinicalTrials.gov ID: NCT04932863
and approved by the National Institute for Infectious Diseases, Rome, and the local Ethical
Committee. Participants were recruited at Galliera Hospital, Genoa, from March 15 to July 21, 2021,
and all signed an informed consent.
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2.2. Procedures

Vaccine treatment consisted of 30 pg of BNT162b2 (0.3 ml volume per dose) delivered in the
deltoid muscle in 2 doses, 21 days apart. We pooled treatments in five groups to facilitate
comparisons: active surveillance (no treatment), chemotherapy, hormone therapy, targeted
therapy/monoclonal antibodies and immune checkpoint inhibitors.

At the beginning of the clinical visit, the distress thermometer in the previous week was
compiled as previously described [13]. The National Comprehensive Cancer Network indicates that
all cancer survivors should undergo a distress measurement as the sixth vital parameter to prevent
more serious psychological disorders, including anxiety, depressive symptoms, and coping
disturbances [14]. The instrument is a self-reported tool using a single-item tool using a 0 (no distress)
to 10 (extreme distress)— point Likert scale resembling a thermometer. Additionally, the patient is
prompted to identify sources of distress using a 39-item supplemental list of potential sources of
distress, including the following domains: emotional, physical, practical, family, and
spiritual/religious problems. DT scores are categorized into two levels, 0—4, low, 5-10, high, according
to the National Comprehensive Cancer Network 2013 [15]. The DT has demonstrated adequate
reliability and has been translated and validated into numerous languages, including Italian [16].
Anxiety and depressive symptoms were evaluated using the Hospital Anxiety and Depression Scale
[17]. The scoring system for both anxiety and depressive symptoms was 0-7 = Normal, 8-10 =
Borderline elevated, 11-21 = Elevated. The antibody titer was initially measured by the LIAISON®
SARS-CoV-2 51/S2 IgG, a chemiluminescent immunoassay (CLIA) for the quantitative detection of
IgG antibodies against the 51/S2 dimeric domains of the SARS-CoV-2 spike protein in the human
serum [18,19]. The analyzer calculates SARS-CoV-2 S1/S2 IgG antibody concentrations as arbitrary
units (AU/mL; assay range 3.8-400 AU/ml) and grades the results. The threshold of seroconversion
was 225 AU/mL according to our lab procedures due to previous preliminary study of correlation
between level of antibodies and concomitant T cell response that further proved immunization.

During the study, a more sensitive LIAISON® SARS-CoV-2 Trimeric Spike IgG assay expressed
in BAU/mL [20] became available and was introduced at 6 months and compared with the dimeric
method.

Since there was no significant difference on the proportion of non-responders at 6 months
between the dimeric and trimeric detection methods (<25 AU/mL and 33.8 BAU/mL, respectively,
Table 3), results of the primary endpoint at 6 months were calculated with the cut-off of the more
sensitive trimeric method [20].

D-dimer was measured with an automated, latex enhanced turbidimetric immunoassay
[HemosIL® D-Dimer HS 500, Instrumentation Laboratory (IL), as previously described [21]. The
primary objective was to assess if psychological factors including distress, anxiety and depressive
symptoms were associated with poor antibody titer reactogenicity (cut-off levels <25 AU/mL or <33.8
BAU/mL) to BNT162b2 vaccine at 6 months (primary endpoint). Secondary endpoints were the
repeated measure analysis of antibodies measured with the dimeric method at 6 months and the
effect of psychological variables on biomarkers of vaccine response such as D-dimer.

2.3. Statistical Analysis

Median and interquartile range (IQR) for continuous variables and absolute and relative
frequencies as summary measures of categorical variables were calculated. Fishers-Exact tests,
Wilcoxon Rank tests or the Kruskal-Wallis rank sum test were performed based on the nature of the
variables.

Multivariable logistic was applied to identify independent factors associated with vaccine
failure at 6 months. Multivariable mixed effects models for repeated measures analysis were adopted
both to analyze changes in time of IgG response, D-dimer, and DT and to identify independent factors
associated with these outcomes. Normal distribution of residuals from fully adjusted models were
graphically checked and log transformation was adopted when it was needed to achieve normality.
Odds ratio (OR) and percentages of IgG non-responders are presented with 95% confidence intervals.
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Distress was categorized as ‘High” or “Low” considering 5 as cut-off point. Bar plots were
presented to describe the percentages of responders by type of distress. Independent variables were
included in the model collapsing the categories when the frequencies were too low (e.g: stage IV vs
I-IIT) and categorizing continuous variables such as age, considering the median value, to have more
clinically interpretable estimates.

Boxplot were generated to compare patient characteristics in terms of change of outcomes in
time from baseline to 6 weeks and 6 months.

All analyses were carried considering two cut-off points for responders at 33.8 BAU/mL and <25
AU/mL. All p-values were two-sided with 5% significance level. Analyses were carried out using the
R studio (R version 4.2.3) software.

3. Results

From March 15, 2021, to July 21, 2021, 407 patients were screened for vaccination and offered to
participate in the study of whom 320 agreed to participate, 290 were assessable at 42 days and 218 at
6 months, as shown in the CONSORT statement in Supplemental Figure S1.

The main subject and tumor characteristics of the 218 patients are summarized in Table 1. Median
age was 68.2 years, approximately 60% were females and had metastatic disease, over 20% were treated
>6 months ago, one third were on (neo)adjuvant treatment and two thirds were on 1s-31 line of
treatment. Overall, 31 subjects (14.2%) had no antibody response at 6 months. The predictors of vaccine
failure at 6 months are summarized in Table 2. In addition to metastatic disease stage, the only
independent significant variable was high distress (OR=2.46, 95% ClI, 1.05-5.77, p=0.04, Table 2). The
proportion of non-responders was similar between the dimeric and the most sensitive trimeric assay
method (Supplemental Table S1). Among non-responders, the proportion of subjects with high
distress versus low distress was twofold higher (21% vs 10%, respectively, p=0.04, Figure 1).

Repeated measure analysis of IgG response dotplot measured with the dimeric method at 0, 6
weeks and 6 months indicates that participants with high depressive symptoms level at baseline had
lower antibody response during the 6-month time (p=0.003, Figure 2). Current and former smokers
had lower antibody levels than never smokers (p=0.0004, data not shown). Patients with age above
the median of 68.2 years also had lower antibody levels (p<0.0001, data not shown). In addition,
women with elevated anxiety level at baseline had lower D-dimer levels at 6 months (p=0.03, Figure
3). The proportion of high distress remained stable during the 6-month observation period: 25.9% at
baseline, 24.8% at 6 weeks and 25.0% at 6 months. At baseline, women with high distress were 34.4%
versus 23.8 in men (p=0.08). The median level of distress in women was 2 at baseline and did not
change in the 6 months observation period, whereas it increased from 1 to 2 in men (Supplemental
Figure S2). Repeated measure analysis showed that high distress at baseline (p=0.0001) and higher
education (p=0.04) explained high distress at 6 months (Supplemental Figure.3), but this effect was
limited to women only (p=0.046).

As a sensitivity analysis we also assessed COVID antibodies as a continuous variable, but we
did not find any significant association with distress (P=0.93 and 0.27 with AU and BAU,
respectively). We tried also to assess the association of smoking with response to vaccine including
the variable in the model, but it was not significant and results did not change. The adjustment for
baseline level of antibody did not change the results either (data not shown).

No significant associations between high and low psychological symptoms and cancer sites were
found (Supplemental Table S2).


https://doi.org/10.20944/preprints202410.2215.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2215.v1

Table 1. Main subject characteristics at 6 months (N=218).

Age, years 67.6 [58.5-74.3]
Sex
Female 135 (61.9)
Male 83 (38.1)
Body Mass Index, kg/m? 24.6 [22.4-27.9]
Tumor site
Digestive 64 (29.4)
Lung 25 (11.5)
Breast 57 (26.1)
Genitourinary and gynecologic 66 (30.3)
Other* 6(2.7)
Stage
I 17 (7.8)
I 46 (21.1)
I 33 (15.1)
1\ 122 (56.0)
Line of treatment
Adjuvant/Neoadjuvant 89 (40.8)
1st 75 (34.4)
2nd 32(14.7)
3rd or more 21 (9.6)
Missing 1(0.5)
Type of treatment
No treatment** 54 (24.8)
Chemotherapy 71 (32.6)
Hormone therapy 57 (26.1)
Biological therapy 21 (9.6)
Immunotherapy 15 (6.9)

Table 2. Predictors of no antibody response at 6 months.

Method
Dimeric AU Trimeric BAU
OR (CI 95%), p OR (CI 95%), p
Age, years
<68.2 vs >68.2 0.58 (0.17-1.82), 0.36 0.51 (0.21-1.19), 0.12
Stage
Stage 1V vs I-11I 4.52 (1.32-20.9), 0.03 2.80 (1.15-7.56), 0.03
Distress at baseline*

High vs low 3.77 (1.24-12.2), 0.02 2.46 (1.05-5.77), 0.04

*High distress threshold>5.
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Figure 2. Dotplot showing repeated measure analysis of IgG (AU/mL) response according to
depressive symptoms level at baseline.

4. Discussion

Cancer patients develop severe COVID-19 with higher mortality [1,2] and were therefore
considered a highly frail population requiring priority in accessing vaccination. The immunogenicity
of cancer patients is also lower than the general population after contracting SARS-CoV-2 infection
[22] so that the ability to develop a response to the vaccine was also expected to be different in cancer
patients compared to healthy subjects, who attained a 95% efficacy with BNT162b2 vaccine [23]. Our
initial report showed that chemotherapy, targeted therapy/monoclonal antibodies, hormone therapy,
lymphocyte count<1x10%/L, and increasing age predicted poor seroconversion at 6 weeks after two
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doses of BNT162b2 in up to 20% of patients [3], indicating the need for further vaccine dose and long-
term follow-up.

The present study was designed to determine if psychosocial factors predicted failure to
BNT162b2 vaccine at 6 months in a cohort of patients under treatment for solid cancers to guide better
strategies to increase vaccine efficacy in non-responders. Our main finding indicates that a high level
of psychological distress is associated with a 20% failure rate to COVID-19 vaccine versus 10% in the
remaining patients with low distress, a statistically significant difference.

Our findings also indicate that patients with depressive symptoms have a lower D-dimer
response to vaccination. Plasma D-dimer elevation is associated with worse outcomes in COVID-19
patients [9,24] and is a marker of activation of coagulation cascade following COVID-19 vaccine.
Patients with depressive symptoms have therefore a lower response to vaccination.

The concept of psychological stress has been studied for a long time in the field of psycho-
oncology for its repercussions not only on the quality of life of the cancer patients but also on their
response to treatment and side effects. However, it is important to consider its connection with the
affective experiences and the emotional discomfort that are expressed in these stressful events.
Several studies highlight the influence of emotional aspects on the functioning of the immune system
and consequently the antibody response to vaccines, including the Covid-19 vaccine. For example, it
has been observed that the lack of social cohesion, associated with a sense of loneliness has negative
effects on immunity [8,25,26]. A meta-analysis revealed a significant negative association between
psychological stress and antibody responses to influenza vaccination [5]. Moreover, prior research
suggests that psychological and behavioral interventions can improve vaccine responsiveness,
including Covid-19 vaccine [4]. Individual with depressive symptoms have been shown to have a
lower antibody response to COVID-19 vaccination [27], and patients with mental disorders including
major depressive symptoms have lower response to vaccination in general [28]. In our study, the
association between high distress and vaccine failure, high anxiety and decreased D-dimer, elevated
depressive symptoms and lower antibody response can represent and offer an objective and
biological measurement of what is happening at an organic level in situations of psychological
fragility and vulnerability. Since the antibody response or the increase of biomarkers of vaccine
activation is lower in people who have high distress, high anxiety and high depressive symptoms,
our findings do strengthen the relationship between mind and immune system. In some studies, it is
observed that a positive mental attitude in dealing with the disease has a function of 'modulator of
the immune system' and is associated with a greater immune response [29]. In the same way, a
healthy lifestyle is beneficial for health and therefore favors a better functioning of the immune
system [30,31]. These mechanisms describe a general psychic and organic attitude towards life.
Conversely, high psychological stress or depressive symptoms related to an inhibition of the
functioning of the immune system could be interpreted as a slowdown of psychic functions in line
with organic functions.

We have seen how stress, depressive symptoms and anxiety are closely connected to the sphere
of affections and how these have a strong impact on the immune system's antibody response capacity
and on the positive activation of the organism in general. Taking care of cancer patients cannot
therefore be done without taking care of his emotional dimension by offering a containment of the
most distressing emotions to help them reorganize his hope and turn towards life-oriented attitudes,
including a better vaccine efficacy.

Our findings suggest no significant change of psychological distress over the 6-month vaccine
exposure, at variance with prior studies suggesting an amelioration of distress after Covid-19 vaccine
in the general population [32], possibly because in our population advanced stage disease is a much
higher distress source than Covid-19. At variance with a previous study [12], however, we did not
find a significant interaction between sex and time of distress level 6 months apart, but only a small
trend to a worsening in males. This may be related to a shorter time exposure compared with our
prior observation 16 months apart [12]. Interestingly, women with a high educational level were those
at higher risk of elevated distress after 6 months, consistent with the finding of a large cohort where
highly educated persons are at higher risk of distress than those with medium/low educational level
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after adjustment for confounders [33]. Finally, our study indicates that current and former smokers
have lower antibody titers than never smokers after vaccine, in line with the immunosuppressive
effect of smoking [34,35]. We previously showed that current and former smokers, who are at higher
risk for severe SARS-CoV-2 infection, are protected from developing adverse events following
immunization [3]. We did not observe an association between anxiety and adverse events as in a
recent study [36].

An important limitation of this study is related to the small sample size that did not allow us to
present analyses stratified by type of cancer and type of treatment.

5. Conclusions

In conclusion, our study provides compelling evidence that elevated levels of psychological
distress, along with anxiety and depressive symptoms, are significantly correlated with reduced
efficacy of the COVID-19 vaccine in a cohort of cancer patients undergoing active treatment. These
findings reinforce the intricate interplay between psychological well-being and immune function in
immunocompromised populations. The observed association highlights the critical importance of
tailored psychological support interventions for this vulnerable group, with the potential to enhance
vaccine responsiveness and overall health outcomes. This underscores the necessity for a holistic
approach to patient care, integrating mental health resources to optimize immunization strategies
and improve resilience against infectious diseases.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Supplemental Figure S1. Participant flow diagram; Supplemental Table S1.
Comparison of vaccine non-responders between assay methods; Supplemental Figure S2. Pre and post
vaccination level of distress according to sex; Supplemental Figure S3. Dotplot of repeated measure analysis of
distress according to educational level; Supplemental Table S2. Univariable analyses describing the association
between high and low psychological symptoms and cancer sites.
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