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Abstract. Background: Individual responses to a particular drug differ enormously in terms of
efficacy as well as safety. In contrast to the human genome, gut microbial composition can be
altered, making it an appealing target for enhancing therapeutic efficacy and safety. Antibiotic
consumption deeply affects the composition of microflora. Perturbations of gut microbial ecology
may trigger or exacerbate neuro-inflammation and behavioral comorbidities following
chemotherapy. This study explored the possible impact of gut-brain axis modulation by broad
spectrum antibiotics on the psychological status among hospitalized acute lymphoblastic
leukemia (ALL) patients undergoing treatment with Larson induction chemotherapy protocol.
Methods: A cross sectional survey was conducted on 60 ALL patients undergoing treatment with
Larson induction chemotherapy protocol and broad spectrum antibiotics. Patients were recruited
from Internal medicine (Clinical Hematology Unit), Alexandria university hospital. In order to
assess the depression and anxiety status we used a validated Arabic version of the Hospital
Anxiety and Depression Scale (HADS).

Results: Among the studied cases 31.7% had normal depression score, (16.7%) had borderline
depression score and (51.7%) had abnormal depression score. Meanwhile, (43.3%) had normal
anxiety score, (33.3%) had borderline anxiety score and (23.3%) had abnormal anxiety score. A
significant relation between both scores; depression and anxiety was detected among the studied

patients (x?=24.962, MCp =<0.001). In addition, there was a significant increase in the duration of
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antibiotic therapy in patients having both borderline and abnormal depression/anxiety scores in
comparison to patients with normal depression/anxiety scores. However, no significant difference
was detected in the duration of antibiotic therapy between patients having borderline and
abnormal depression/anxiety scores (H=33.097, p1=0.012, p2<0.001, p3=0.055) (H=20.460, p1<0.001,
p2<0.001, p3=0.552). Conclusions: Antibiotic use, specially the broad-spectrum type, for long

duration, was associated with an increased risk of psychiatric problems.

Keywords: Antibiotics, Gut-Brain-Microbiome axis, Chemotherapy, Leukemia, HADs.

Introduction

Individual responses to a particular drug differ enormously both in terms of efficacy as well as
safety. Almost half of the treated patients receive no benefit from their therapy. Moreover, many
of them suffer from adverse drug reactions (ADRs). (1,2) Pharmacogenomics has been at the
forefront of research to face this problem through exploring the effect of genetics on drug safety
and efficacy. However, genetic factors solely were found to be inadequate to fully explain the
detected variation. (3) Recently the gut microbiome, which is sometimes called the second
genome, was detected as a respected player in this aspect. (4)

The human body is an ecosystem hosting approximately 100 trillion organisms that live primarily,
though not exclusively, within the gut. Microbiome comprises the largest surface area of microbial
interplay with host immune system. (5,6) It exists in a dynamic equilibrium between eubiosis and
dysbiosis in a way that impacts almost every aspect of host physiology.(7) The microbiome can be
considered as a signaling hub that incorporates environmental inputs with genetic and immune
signals to influence the host’s immunity, metabolism, development, and even behavior. (8)
Perturbations of gut microbial composition and function have been incriminated in many chronic
diseases, such as metabolic syndrome, immune maladaptation and various central nervous
system (CNS) diseases. (9) Dysbiosis is influenced by many factors, such as physical and
psychological stresses, antibiotic treatment, chemotherapy, radiation, ageing, and diet. (10)
Antibiotic consumption deeply affects the composition of microflora. (11)

Accumulating evidence unveils the role of gut microbiota in outlining cancer chemo/
immunotherapeutic efficacy and toxicity. (12) Cognitive impairment due to chemotherapy is an
ill-defined complication. It has a substantial psycho-social burden on cancer survivors and a
massive influence on daily living activities. (13) The pathophysiology has not been clearly defined;
however, candidate mechanisms may be linked to neuro-inflammation. (14) Perturbations of gut
microbial ecology following chemotherapy may trigger or exacerbate neuro-inflammation and

behavioral comorbidities. (15)

Gut brain communication (The Gut-Brain Axis)

Although gut and brain seem to be disparate, they are intimately connected. A bidirectional

communication exists between the mini brain of the gut; the enteric nervous system (ENS), and

the CNS in order to optimize the functioning in both systems. It is thought that gut microbiota can
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initiate and modify much of this cross talk. (16) Pathways involved in this connection between
microbiota and the brain include: a) The endocrine through the action of cortisol hormone. b) The
neural pathway with the contribution of the vagus and the ENS. ¢) The immune pathway where
signaling occurs via inflammatory cytokines. d) The biochemical pathway via bacterial
metabolites; short-chain fatty acids (SCFAs). (17,18) These complex two-way communication
pathways between the brain and the gut with its inhabitant microbiota preserve homeostasis in all
of them. (19,20)

Based on what was mentioned earlier, it can be suggested that the pharmacological modulation
of gut microflora displays a significant potential as an adjuvant to adjust the therapeutic index of
cancer chemotherapy. In the light of this, our study explored the possible impact of gut-brain axis
modulation by broad spectrum antibiotics on depression and/or anxiety status among
hospitalized acute lymphoblastic leukemia (ALL) patients undergoing treatment with Larson

induction chemotherapy protocol.

Methods

A descriptive cross-sectional study was carried on adult ALL patients after approval of the
ethical committee of Alexandria Faculty of medicine (IRB No.: 00012098-FWA No.: 00018699).
Sample size was calculated with Power Analysis and Sample Size Software (PASS 2020) “NCSS,
LLC. Kaysville, Utah, USA, ncss.com/software/pass”.(21) A minimal total hypothesized sample
size of 60 patients was needed to explore the status of depression and/or anxiety among ALL
patients undergoing treatment with Larson induction chemotherapy protocol and antibiotics of
different spectrum; taking into consideration 95% confidence level, effect size of 17% and 5%
precision using Z-test.(22)

Patients were recruited from Internal medicine (Clinical Hematology Unit), Alexandria
university hospital; as a part of the antimicrobial stewardship program. This program was
conducted to optimize antimicrobial use among hospitalized patients in order to improve clinical

outcomes.

Inclusion criteria for patients were in the form of:

1. Males and females aged 18 to 65 years.

2. Hospitalized acute lymphoblastic leukemia patients undergoing treatment with Larson
induction Chemotherapy protocol.(23)

3. Eastern Cooperative Oncology Group (ECOG) performance status < 2. (24)

4. Patients receiving broad spectrum antibiotics either prophylactically or therapeutically.

Meanwhile, we excluded:
1. Patients with history of mental illness before the administration of chemotherapy.
2. Patients using antidepressants or anxiolytics.

3. DPatients with evidence of brain metastasis or other structural brain lesions.
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4. Patients with evidence of any structural gastrointestinal lesion.

Data were collected through face to face interviews with patients admitted to the hematology
ward. Patient treatment information and cancer diagnosis were collected from patients’ medical
records after hospital permission. Before enrollment, eligible participants were informed of the
study purpose and their rights and informed consent was taken from the patients.

The depression and/or anxiety state in these patients was assessed and compared. We used a
validated Arabic version of the Hospital Anxiety and Depression Scale (HADS) for this
purpose.(25)

Hospital Anxiety and Depression Scale

The HADS is a fourteen item questionnaire composed of two subscales one for depression and
the other for anxiety in the form of four-point Likert-type scales. For both anxiety and depression,
the subscales range from 0 to 21. The final scores of HADS were subdivided into three categories:
e  From 0 to 7 was considered as normal.

*  From 8 to 10 was considered as borderline.

e  From 11 to 21 was considered as abnormal.

Statistical analysis

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp). The Kolmogorov-Smirnov test was used to verify the normality of
distribution.
Qualitative data were described using number and percent. Quantitative data were described
using median and range (minimum & maximum). Significance of the obtained results was judged
at the 5% level.

The used tests were:

1. Chi-square test; for categorical variables, to compare between different groups.

2. Monte Carlo correction; for chi-square when more than 20% of the cells have expected count
less than 5.

3. Kruskal Wallis test; for not normally distributed quantitative variables, to compare between
more than two studied groups and Post Hoc (Dunn's multiple comparisons test) for pairwise
comparisons.

4. Spearman coefficient; to correlate between two not normally distributed quantitative

variables.

Results

1. Distribution of the studied cases according to demographic data and duration antibiotic
therapy (Table 1)
A. Demographic data
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Table 1 shows the characteristics of the patients in our study. A total of 60 patients completed the
survey; 55% were males and 45% were females. Forty percent of the patients were between the
ages of 18 and 25 years. Most patients (63.3%) were employed, (48.3%) had middle or secondary

school education and about (43.3%) of them were single.

Table 1: Distribution of the patients according to demographics and duration of antibiotic therapy
(n =60)
Frequency (%)
Sex
Male 33 (55%)
Female 27 (45%)

Age (years)

18 - 25 24 (40%)

26 — 35 15 (25%)

36 — 45 13 (21.7%)

46 — 55 6 (10%)

56 — 65 2 (3.3%)
Employment

Employed 38 (63.3%)

Unemployed 22 (36.7%)
Education

Primary school or below 6 (10%)

Middle or secondary school 29 (48.3%)

University or higher 25 (41.7%)
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Marital Status

Single 26 (43.3%)

Married 25 (41.7%)

Divorced 6 (10%)

Widowed 3 (5%)
Residency

Urban 30 (50%)

Rural 30 (50%)

Duration of Antibiotic Therapy (Days)

1-7 12 (20%)
8 -14 28 (46.7%)
15 -21 14 (23.3%)
22 -28 6 (10%)

Duration of antibiotic therapy

Most of our patients used antibiotics for a duration between (8 —14) days (46.7%). Meanwhile,
(23.3%) used antibiotics for (15 —21) days and (20%) used it for (22 —28) days.

Distribution of depression and anxiety in hospitalized ALL patients undergoing treatment
with Larson induction Regimen and broad spectrum antibiotics (table 2, figure 1)

Among the studied cases 19 (31.7%) had normal depression score (0-7), 10 (16.7%) had
borderline depression score (8-10) and 31 (51.7%) had abnormal depression score (11-21). On the
other hand, 26 patients (43.3%) had normal anxiety score, 20 patients (33.3%) had borderline

anxiety score and 14 patients (23.3%) had abnormal anxiety score.
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Table 2: Distribution of depression and anxiety in hospitalized ALL patients undergoing treatment with

Larson induction Regimen and broad spectrum antibiotics (n = 60)

Frequency (%) of Frequency (%) of Anxiety
Depression
Normal= score (0-7) 19 (31.7) 26 (43.3)
Borderline= score (8-10) 10 (16.7) 20 (33.3)
Abnormal =score (11-21) 31 (51.7) 14 (23.3)
60
& Normal
E Borderline
50 i Abnormal
40 -
&
g 30 A
g -
20
10 -
0
Depression Anxiety

Figure 1: Distribution of depression and anxiety in hospitalized ALL patients undergoing treatment with

Larson induction Regimen and broad spectrum antibiotics (n = 60)

Depression and anxiety status in relation to sociodemographic variables of the studied patients
(table 3)

Depression scores were higher in males, patients aged (18-35) years, employed, middle or
secondary school educated patients and patients living in urban areas. However, no statistically
significant association was found between depression and sociodemographic variables except for
the age (x*>=14.633, M°p = 0.030).

Meanwhile, anxiety scores were higher in males, patients aged (36 —45) years, unemployed,
patients with higher education and married. However, no statistically significant association was

found between anxiety scores and sociodemographic variables.
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Table 3: Depression and anxiety status in relation to sociodemographic variables

Depression Anxiety
X X
Normal Borderline Abnormal ) Normal Borderline Abnormal )
=19 (@=10) (n=31) (=260 (=200 (n=14)
Sex
Male 8 (42.1%) 8(80.0%) 17(54.8%) g0, 13(50.0%) 11(55.0%) 9(643%) (s
Female 11 (57.9%) 2 (20.0%) 14 45.2%) 149 13(50.00) 9@45.0%) 5@35.7%) (0-687)
Age (years)
18 — 25 10 (52.6%) 3 (30.0%) 11 (35.5%) 14(53.8%) 6(30.0%) 4 (28.6%)
26 — 35 1(53%) 2 (20.0%) 12 (38.7%) 5(192%) 7(35.0%) 3 (21.4%)
14.633° 8.010
36 — 45 6 (31.6%) 1(10.0%) 6(19.4%) (Mp=  4(154%) 3 (15.0%) 6(42.9%) (Mp=
0.030°) 0.393)
46 — 55 2(10.5%) 3(30.0%) 1(3.2%) 2(77%)  3(15.0%) 1(7.1%)
56 — 65 0(0.0%) 1(10.0%) 1(3.2%) 1(3.8%) 1(50%) 0 (0.0%)
Employment
Employed 15 (78.9%) 4(40.0%) 19 (61.3%) 4305  20(76.9%) 12(60.0%) 6(42.9%) (o,
Unemployed 421.1%) 6(60.0%) 12 (38.7%) 1D 623.19%) 8@40.0%) 8(57.1%) (0-090)
Education
Primary schoolorbelow — 1(5.3%) 3(30.0%) 2(6.5%) 5y  1(38%) 3(150%) 2(143%)  3.102

MCn—
Middle or secondary school 11 (57.9%) 2 (20.0%) 16 (51.6%) ¢ P0153) 14 (53.8%) 10 (50.0%) 5 (35.7%) (Mp=0.564)
University or higher education 7 (36.8%) 5 (50.0%) 13 (41.9%) 11 (423%) 7 (35.0%) 7 (50.0%)

Marital Status

Single 8 (42.1%) 4 (40.0%) 14 (45.2%) 13 (50.0%) 8 (40.0%) 5 (35.7%)
Married 7 (36.8%) 5(50.0%) 13 (41.9%) 9 (34.6%) 8 (40.0%) 8 (57.1%)
4.950 6.043
(Mp= MCp=
0.530) 0.387)
Divorced 4(21.1%)  0(0.0%) 2 (6.5%) 4(154%) 2(10.0%) 0 (0.0%)
Widowed 0(0.0%) 1(10.0%) 2 (6.5%) 0(0.0%) 2(10.0%) 1(7.1%)

Residency
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Urban 8 (42.1%) 5 (50.0%) 17 (54.8%) 12 (46.2%) 11 (55.0%) 7 (50.0%)

0.764 0.354
Rural 11 (57.9%) 5(50.0%) 14 (45.2%) (0682 14(5380) 9(45.0%) 7(50.0%) (0-838)
%% Chi square test MC: Monte Carlo
p: p value for comparing between depression and anxiety score
*: Statistically significant at p <0.05
Relation between depression and anxiety scores in the studied patients (table 4, figure 2)

Among the 19 patients who had normal depression score 17 patients (89.5%) had a normal
anxiety score, 1 patient (5.3%) had a borderline anxiety score and 1 patient (5.3%) had abnormal
anxiety score.

Meanwhile, among the 10 patients with borderline depression score, 3 patients (30%) had normal
anxiety score, 5 patients (50%) had borderline anxiety score and 2 patients (20%) had abnormal
anxiety score.

Regarding the 31 patients who had abnormal depression score, 6 patients (19.4%) had normal
anxiety scale, 14 patients (45.2%) had borderline anxiety scale, and 11 patients (35.5%) had
abnormal anxiety score too.

A significant relation between both scores; depression and anxiety was detected among the
studied patients (?=24.962, MCp =<0.001).
Table 4: Relation between depression and anxiety scores in the studied patients (n = 60)
Depression score
0-7=Normal  8-10 = Borderline 11-21 = abnormal
Anxiety score X MCp
(n=19) (n=10) (n=31)
No. % No. % No. %
0-7 = Normal 17 89.5 3 30.0 6 194
8-10 = Borderline 1 5.3 5 50.0 14 45.2 24962  <0.001
11-21 = Abnormal 1 5.3 2 20.0 11 35.5
x% Chi square test MC: Monte Carlo

p: p value for comparing between depression and anxiety score

*: Statistically significant at p <0.05
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Figure 2: Relation between depression and anxiety scores in the studied patients (n = 60)
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Correlation between depression and anxiety scores in the studied patients

The depression score had a strong positive association with the anxiety score among the studied
patients (rs=0.666, p < 0.001) (Table 5, Figure 3).

Table 5: Correlation between depression and anxiety scores (n = 60)

Is P

Depression vs. anxiety scores 0.666 <0.001"

rs: Spearman coefficient

*: Statistically significant at p <0.05
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Figure 3: Correlation between depression and anxiety scores (n = 60)

Relation between depression / anxiety scores and the duration of antibiotic therapy in
hospitalized ALL patients undergoing treatment with Larson induction Regimen and broad

spectrum antibiotics (Table 6, figures 4,5)

The median duration of antibiotic therapy was 5.0 (2.0 — 15.0) days in patients with normal

depression score, 11.50 (9.0 — 20.0) days in patients with borderline depression score, and 16.0 (7.0
- 26.0) days in patients with abnormal depression score. There was a significant increase in the
duration of antibiotic therapy in patients having both borderline and abnormal depression scores
in comparison to patients with normal depression score. But no significant difference was
detected in the duration of antibiotic therapy between patients having borderline and abnormal
depression score. (H=33.097, p1=0.012, p2<0.001, p3=0.055).
Meanwhile, the median duration of antibiotic therapy was 10.0 (2.0 —23.0) days in patients having
normal anxiety score, 14.0 (9.0 — 26.0) days in patients with borderline anxiety score, and 17.0 (7.0 -
25.0) days in patients with abnormal anxiety score. There was a significant increase in the duration
of antibiotic therapy in patients having both borderline and abnormal anxiety scores in
comparison to patients with normal anxiety score. However, no significant difference was
detected in the duration of antibiotic therapy between patients having borderline and abnormal
anxiety score. (H=20.460, p1<0.001, p2<0.001, p3=0.552).
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Table 6: Relation between depression / anxiety scores and the duration of antibiotic therapy (n = 60)

Duration antibiotic therapy (d) Sig. bet.
N H P
Median (Min. - Max.) categories
Depression
0-7 = Normal 19 5.0 (2.0 -15.0) p1=0.012"
8-10 = borderline 10 11.50 (9.0 —20.0) 33.097° <0.001" p2<0.001"
11-21 =abnormal 31 16.0 (7.0 —-26.0) p3=0.055
Anxiety
0-7 = Normal 26 10.0 (2.0 -23.0) p1<0.001
8-10 = borderline 20 14.0 (9.0 -26.0) 20.460"  <0.001" p2<0.001"
11-21 =abnormal 14 17.0 (7.0 -25.0) p3=0.552

H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Dunn's
for multiple comparisons test)

p: p value for comparing the different categories

p1l: p value for comparing between Normal and borderline

p2: p value for comparing between Normal and Abnormal

p3: p value for comparing between borderline and abnormal

*: Statistically significant at p <0.05
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Figure 4: Relation between depression score and the duration of antibiotic therapy (n = 60).

*: Statistically significant at p <0.05
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Figure 5: Relation between anxiety score and the duration of antibiotic therapy (n = 60)

*: Statistically significant at p <0.05
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Discussion

Cancer is a global health burden, and despite the ongoing improvement in medical
therapeutics, resistance and side effects continue to be prominent factors causing treatment
limitation. A rising body of research shows a bidirectional relationship between microbiota and
the therapeutic profile of cancer chemotherapy. This gave rise to the concept of
"pharmacomicrobiomics,” a new field that studies how medications interact with microbiota.(12)
The microbiome is sometimes regarded as an organ that is intimately linked to its host in a perfect
mutualistic manner; at the endocrine, metabolic, immune, and neural levels. But unlike actual host
organs, microbiota can live in two opposing states; eubiosis and dysbiosis. The shift from eubiosis
to dysbiosis has detrimental effects on the health of the host. (10) Antibiotics are a commonly used
category of drugs in cancer patients; whether prophylactically or therapeutically. But
unfortunately they are thought to be of the major disruptors of gut microbiota.(11)

The current study was conducted to explore the psychological impact in the form of depression

and/or anxiety among hospitalized ALL patients undergoing treatment with Larson induction
chemotherapy protocol and its relation to the duration of use of broad spectrum antibiotics.
We used HADS to screen our patients for anxiety and depression. It is a rapid self-reported
screening scale that can assess anxiety and depression as 2 dimensions scored separately. HADS is
a validated tool for use in cancer patients that can be used easily by patients because of the lack of
questions about physical symptoms, which may cause confusion with depression and/or anxiety
symptoms.(26) All these factors led to the high compliance of the patients to complete the
questionnaire.

In this study, the rate of significant depression (borderline plus abnormal scores) was 68.4 %
and the rate of significant anxiety was 56.6 %. A previous study in adult acute leukemia patients
reported rates of significant depression (43.7%) and significant anxiety (50.7%).(27) These rates
were much lower than our rates which could be attributable to the type of leukemia or the
concomitant use of broad spectrum antibiotics in our study. Results also revealed a significant
strong positive correlation between both anxiety and depression which goes with findings from
Britain, where the majority of cancer patients who had depression had clinically significant
anxiety symptoms as well.(28)

A significant association was found between both anxiety and depression in relation to the

duration of antibiotic use in our patients. This association is supported by findings from some
previous clinical studies which figured out the existence of an association between antibiotics and
the risk of mental illness.(29, 30)
There is no doubt that antibiotics are lifesaving pharmacological tools since their discovery,
however, the majority of these tools have multiple off-target effects. Apart from killing harmful
bacteria, beneficial gut microbiota is also compromised. Broad-spectrum antibiotics prescribed
only for one week can have long-term effects on gut microbiome.(31, 32)

Increasing evidence strengthens the view that mental illness is related to the decrease in
microbial diversity.(33) A meta-analysis of 59 case-control studies conducted by Nikolova et al.
detected that gut microbiota perturbations in the form of depletion of specific anti-inflammatory
butyrate-forming species and overgrowth of pro-inflammatory species were associated with

depression, bipolar disorder, schizophrenia, and anxiety.(34)
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Gut microbiota are thought to play a role in the regulation of the HPA axis; the body’s most
influential stress system. This axis is incriminated in a variety of psychiatric diseases. It is well
known that over activation of the HPA is linked to severe forms of depression. Given the fact that
the gut bacteria and HPA are in bidirectional communication, it is not a surprise that antibiotics
that affect the microbiota could also influence the HPA activity.(35) In addition, gut microbes are
thought to produce major neurotransmitters. For example, lactobacilli can produce GABA(36) and
Bifidobacteria are shown to increase blood tryptophan and regulate serotonin synthesis.(37)

Brain-derived neurotrophic factor (BDNF) is known to be altered in depressed patients and its

levels are significantly lowered in germ-free animals that lack microbiota.(38) Also, in a rodent
study, one of the third-generation cephalosporins; ceftriaxone was found to significantly alter gut
microbiota and lower the BDNF levels in the hippocampus.(39)
Most of broad-spectrum antibiotics have a significant impact on SCFAs levels. It was found that a
course of antibiotic treatment with either clindamycin or ampicillin in healthy adults can affect the
abundance and colonization of gut microflora with subsequent significant reduction in the content
of SCFAs.(40) In another study conducted by Romick-Rosendale et al.(41) in children undergoing
hematopoietic stem cell transplantation they reported significant alterations in butyrate levels and
other SCFAs on top of antibiotic exposure.

Antibiotics can also cause impairment in gut epithelial tight junctions resulting in barrier
dysfunction which could be implicated in leaky gut syndrome. In such a condition molecules like
lipopolysaccharide can enter the bloodstream and initiate inflammation leading to enhanced
activation of the HPA, rendering these patients more vulnerable to mental illness.(42)

Limitations of the study:

Our results should be considered in the context of some limitations. First, our study was a
cross-sectional study, so the causality cannot be concluded. Second, small sample size of the
current study is due to restricted inpatient admissions during covid-19 pandemic. Third, this
small hypothesized sample size highlights the importance of exploring the psychological impact
of antibiotic use among cancer patients treated with chemotherapy. Further studies with large
sample size are needed to determine the prevalence of depression, anxiety, and other

psychometric factors among these patients.
Conclusions

Antibiotic use, specially the broad-spectrum type, for long duration, was associated with an
increased risk of psychiatric problems. A deeper understanding of the microbiota-gut-brain axis
may substantially aid in the prevention and treatment of psychological disorders in cancer
patients.
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