Introduction: One way to examine the
extent to which the stress associated
with a breast cancer experience (BC)
impacts stress-related physiological
mechanisms is to study the secretion
patterns of associated biomarkers.
Unlike cortisol and a-amylase (sAA),
biomarkers of immune functioning
such as secretory immunoglobulin
A (SIgA) have rarely been examined in
BC survivors.

Aim of the study: This study had
two principal aims: the first was to
evaluate the basal secretion profiles
of SIgA as well as its response to an
acute stressor as a marker of immune
health in BC survivors and women
with no history of BC, and the second
was to determine how SIgA stress-re-
lated patterns compare to published
cortisol and sAA patterns in the same
women.

Results: Overall, the findings indicate
that BC survivors exhibit a blunted
cortisol reaction to an acute stressor,
a generally elevated diurnal sAA con-
centration pattern, and normal SIgA
profiles, compared to women with no
history of cancer. This study serves as
a foundation for future research to
elucidate the relationships between
BC experience variables, stress bio-
markers, and health outcomes in BC
Survivors.

Key words: cortisol, a-amylase, secre-
tory immunoglobulin A, breast cancer
survivorship, stress, immunity.
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Breast cancer survivors experience several physiological
sequelae following a cancer experience, even several years
after the end of treatment
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Introduction

Cancer is the cause of nearly 30% of all deaths in Canada and is quickly
becoming a worldwide pandemic [1]. In men, prostate cancer is the leading
cancer site, while in women, it is breast cancer (BC), with a lifetime risk of
developing it estimated to be one in nine women [1]. The mortality rates of
BCin Canada are now the lowest since 1950, with a five-year survival rate of
88% [1]. Continued advances in BC detection and treatment strategies along
with the aging and growth of the population have resulted in an ever-in-
creasing number of survivors.

Despite general agreement that a cancer diagnosis generates significant
stress due to difficult treatment procedures, drastic changes in daily routine,
and family and work concerns [2], what is less obvious is that the cancer ex-
perience continues well beyond the end of treatment. In fact, based on sev-
eral cross-sectional and longitudinal studies, the symptom burden linked to
cancer survivorship can persist for more than 10 years following treatment
[3]. Unrelenting symptoms can include fatigue, pain, distress, and cognitive
impairment [4].
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It has long been known that chronic stress can severe-
ly alter human biological systems in many ways [5]. The
stress associated with the cancer trajectory — from diag-
nosis to post-treatment — has been shown to suppress or
dysregulate innate and adaptive physiological responses
[6]. One way to examine the extent to which stress im-
pacts stress-related physiological mechanisms in BC sur-
vivors is to evaluate the secretion patterns of associated
biomarkers. Several biomarkers are considered to be very
reliable and sensitive indicators of an individual’s biolog-
ical response (biochemical, physiological, cellular, or be-
havioural responses) to different types of stressors [7].

Salivary cortisol as a stress biomarker

The cancer experience has been shown to cause a dys-
regulation of the hypothalamic-pituitary-adrenal (HPA)
axis, a system that tightly regulates stress responses [8].
Studies have found associations between HPA dysregula-
tion and mortality and disease severity in BC patients [9].
Cortisol, which is a steroid hormone secreted in response
to stress, is often used to assess the activity of the HPA
system and has received extensive attention in research
on stress physiology. Situations characterised as unpre-
dictable, uncontrollable, and threatening (such as a BC
diagnosis) elicit increases in cortisol concentrations [10].

A diurnal cortisol pattern that peaks at awakening and
gradually decreases throughout the day is the typical re-
sponse of a functional HPA axis [11]. Flatter diurnal corti-
sol patterns, or concentration patterns that remain fairly
unchanged throughout the day, occur significantly more
often in BC survivors than in healthy individuals [8, 12].
During acute stress situations, cortisol secretion is tem-
porarily increased and concentration levels usually return
to normal within one or two hours after stress cessation
[13]. While cortisol is essential for regulating bodily func-
tions and responding to environmental challenges [10],
sustained high cortisol levels can have damaging effects
on the human body and have been associated with de-
pression [14], obesity [15], diabetes [16], and social isola-
tion [17]. Low levels of cortisol, on the other hand, have
been linked to pain, fatigue, high stress sensitivity [18],
and stress-related disorders such as post-traumatic stress
disorder and fibromyalgia syndrome [19].

In our laboratory, we have examined the salivary cor-
tisol diurnal rhythmicity and reactivity in long-term BC
survivors compared to women with no history of BC [20].
Although we found no group differences in their diurnal
cortisol secretion (Fig. 1B), the groups showed significant
distinctive patterns in response to an acute stressor: the
concentrations of cortisol in women with no history of
cancer peaked at 10-20 minutes following the stressor
whereas the levels in BC survivors remained fairly blunted
over the same time course (see Fig. 2B). While our study
revealed that both groups appraised psychological stress
in an almost identical fashion, survivors demonstrated
a considerably diminished physiological response to the
acute stressor. Similar findings have also been reported
from other laboratories [8, 21, 22].

Salivary a-amylase as a stress biomarker

More recently, investigators have been studying salivary
a-amylase (sAA), an indicator of sympathetic nervous sys-
tem (SNS) activity, for its potential as a stress biomarker.
To date, a number of studies have suggested that sAA re-
sponds to both physical and psychological stress [23, 24].
Its concentrations have been found to be directly related to
the subjective stress levels of BC survivors [25]. Distinctly
different from that of cortisol, typical SAA concentrations
are reduced significantly within 60 minutes after awaken-
ing and gradually increase throughout the day, reaching
their peak in the late afternoon or evening [24, 26].

Salivary a-amylase levels have also been measured in
response to different acute stressors such as writing a test
[27] and skydiving [28]. Both studies revealed significant
increases in sAA levels the days preceding the expected
stressor. Other studies reported that sAA activity was sig-
nificantly higher in samples collected after subjects were
exposed to an acute stressor compared to samples collect-
ed at any other time [29]. Furthermore, the total sAA re-
leased after exposure to an acute stress has been found to
be positively correlated with heart rate, pain intensity, and
the total amount of cortisol released [30, 31]. This suggests
the coordination between the HPA system and the SNS in
their response to acute stress.

Based upon the results of our previous study and find-
ings from other groups of researchers, we reasoned that
HPA regulation abnormalities in BC survivors, as interpreted
from cortisol patterns, would probably be accompanied by
SNS dysregulation [32]. Consequently, we explored the circa-
dian and reactive profiles of sAA in the same groups of par-
ticipants who showed blunted cortisol patterns in response
to acute stress [20]. We found that, while BC survivors had
significantly higher diurnal and reactive sAA patterns than
women with no history of cancer, the overall pattern was
the same in both groups (Fig. 1C, Fig. 2C). In other words, the
SAA difference in acute stress responses was not related to
a specific acute stress response but was instead reflected
by a heightened basal level of concentration.

Salivary secretory immunoglobulin A as a stress
and immune biomarker

One of the most important lines of defence against hu-
man pathogens is the mucosal immune system [33]. The
main immunoglobulin, secretory A (SIgA), is the predom-
inant effector of that specific system and has often been
used as a marker of immune competence [33, 34]. Immu-
noglobulins are antibodies secreted by plasma cells that
combine with antigens and direct an immune response
against them [35]. Secretory immunoglobulin A is a com-
ponent of the adaptive immune system and works along-
side other innate mucosal defence factors such as a-amy-
lase, lactoferrin, and lysozyme in order to fight surfacing
pathogens [33, 36, 37]. Similar to cortisol, SIgA concentra-
tion peaks in the morning and then progressively declines
to its nadir by the evening [38]. Several other studies have
replicated those findings 31, 39, 40].
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Components of saliva, including SIgA, are crucial indica-
tors of health. Low levels of salivary SIgA can signal bacteri-
al and viral infections in an individual [41-43]. For instance,
patients diagnosed with Acquired Immune Deficiency
Syndrome are found to have a significantly lower level of
salivary SIgA, resulting in very frequent oral infections [44].
Moreover, an earlier study by Brown et al. [45] found that
cancer recurrence was associated with elevated SIgA levels,
which may indicate a specific secretory response to tumour.
They suggested that SIgA could potentially be used to dis-
tinguish patients who are at risk of recurrence.

Chronic stress and secretory immunoglobulin A

The relationship between stress, immunity, and en-
vironmental influences has long been of interest to re-
searchers who investigate the effects of stress on health
[43]. There is widespread agreement that psychological
stress increases susceptibility to disease [46-48]. The du-
ration of the stressor seems to play an important role in
the immune response to psychological stress [49]. Several
studies have reported that chronic or long-term stress
has a suppressive effect on immune functioning and SIgA
[6, 50]. For instance, a diminished SIgA level has been
found in continually neglected toddlers [51], soldiers [52],
and nurses enduring chronic work stress [53]. While this
suggests that a long-term cancer experience might sup-
press immune function, most research on stress respons-
es in BC survivors has been focused on more traditional
stress-related biomarkers such as cortisol and sAA.

Acute stress and secretory immunoglobulin A

Very few studies have explored the effects of acute stress
on immune system responses. However, the few that have
claim an association between acute stress and an increase
in immune functioning and SIgA levels [6, 36]. This activa-
tion in response to stress highlights the immune system’s
fundamental ability to protect the body from disease [49].
Elevated SlIgA levels were found in soccer coaches during
a crucial game [54] and in police officers during a grave ac-
cident [55]. Laboratory-induced stress, such as speech and
arithmetic tasks, also supports this claim [37, 56].

The present study

To our knowledge, no study to date has compared the
profiles of several stress biomarkers in the same cancer
survivors. Because cortisol and sAA are secreted by differ-
ent hormonal systems and have unique diurnal secretion
patterns [26, 57], the measurement of both biomarkers in
tandem following stress induction provides a more com-
prehensive understanding of different aspects of stress
regulation and its mechanisms. Moreover, the significant
gap in the literature on SIgA diurnal patterns of concentra-
tions and its response to an acute stressor highlights the
need for more research on this under-explored biomarker.
The examination of SIgA concentrations in BC survivors
not only gives us more information on the activity of their
stress systems but also provides a mean of examining
their immune function.

To that end, the aim of this current study was to inves-
tigate the relationship between SIgA reactivity and the
stress biomarkers, cortisol and sAA, in the same individ-
uals; the latter findings have been published [20, 32]. The
first objective was to examine the basal secretion profiles of
SIgA as well as its response to an acute stressor in BC sur-
vivors, and to compare these to women with no history of
BC. The second objective was to determine the association
between SIgA diurnal and reactive concentration patterns
in BC survivors and how these relate to their cortisol and
SAA patterns. We hypothesised the following: First, that the
stress associated with a BC experience would result in ab-
normalities in SIgA diurnal concentration patterns. Second,
based on previous literature highlighting the link between
the HPA axis and immunocompetence [38, 58], we further
hypothesised that BC survivors and women with no history
of cancer would exhibit differences in their SIgA response to
the Trier Social Stress Test (TSST), a widely-used stress-in-
ducing laboratory protocol, (see Methods section for fur-
ther description). Third, we also examined whether medical
factors related to BC such as cancer stage, time since diag-
nosis, and treatment regimen had any impact on the SIgA
response observed in survivors.

Material and methods
Participants

Via printed advertisements and cancer support groups,
a total of 48 women were recruited: 22 women BC survi-
vors and 26 women with no history of cancer. Table 1 char-
acterises the participants by age, ethnicity, level of educa-
tion, and family income. The medical characteristics of the
BC survivors are shown in Table 2. Please note that Table
1 and Table 2 are also reported in [20] and in [32], as they
depict the same group of individuals.

The eligibility inclusion criteria for BC survivors includ-
ed: a) a diagnosis of BC at least one year prior, b) comple-
tion/cessation of all cancer-related treatments at least six
months earlier, and c) the ability to provide informed con-
sent. Individuals with: a) history of other cancers (except
non-invasive skin cancer and cervical cancer), b) substance
abuse problems, or ¢) any major disabling conditions in-
terfering with their quality of life (for example, psychiatric
disorders) were excluded from the present study. Women
who were breast feeding, pregnant, taking any medication
that could alter hormonal secretion (e.g. hydrocortisone,
hypnotics, benzodiazepines), or had bleeding gums were
also excluded. The women in the control arm had to meet
the following criteria: a) completion of routine mammog-
raphy screening with negative results, b) no history of can-
cer, as well as the exclusion criteria listed in ¢) above.

Prior to inclusion in the study, written informed consent
was obtained from all participants. Participants received
$50 as travel compensation and a chance to win a $250
prize. The study was approved by the University of [lo-
cation withheld for blinded review] Ethics Review Board
and was conducted at the [location withheld for blinded
review] Laboratory.
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Measures of stress
Salivary secretory immunoglobulin A

Extraction of SIgA from saliva was carried out using
a commercially available highly-sensitive enzyme-linked
immunosorbent assay (ELISA). The assay kits and the pro-
tocol were obtained from Salimetrics, State College, PA,
USA [59].

Trier Social Stress Test

The Trier Social Stress Test (TSST) has become the gold
standard for evaluating acute stress response in the labo-
ratory setting [60, 61]. Its effects on biomarker concentra-
tion patterns, including cortisol, sAA, and SIgA, have been
shown in past research [56, 62, 63]. The TSST protocol we
used had two major components: 1) a mock interview
during which participants had to give a five-minute free
speech to a panel of three confederate evaluators acting
as a hiring committee, and 2) a five-minute arithmetic task
which required that the participants count down from
1022 by increments of 13 as quickly as possible [64].

Visual Analog Scale

The Visual Analog Scale (VAS) is a bipolar line quantify-
ing a specific characteristic across a continuum [65]. In this
context, it was used to measure participants’ subjective
stress response before, during, and after the TSST. Partici-
pants were asked to mark a spot on the line that indicated
their subjective stress appraisal. Based on the statement
“| feel stressed”, participants estimated their perceived
stress between 0 (not at all) to 100 (very much). Their score
was based on the distance between the left end of the line
and the appraisal mark.

Questionnaires

Participants were asked to complete a series of ques-
tionnaires in order to assess their socio-demographic char-
acteristics and stress perception. The package included:
a) socio-demographic questionnaire requesting informa-
tion about participants’ general life history, health history
(for BC survivors, this included questions related to their
BC history), and life habits; b) the Daily Stress Inventory,
a 58-item questionnaire inquiring about recent (past 24 h)
stressful events and their intensity [66]; ) the Perceived
Stress Scale of 14 items measuring subjective appraisals
of stressful situations in the past month [67]; and d) the
Life Experiences Survey, a questionnaire used to record the
frequency and impact of life events, both positive and neg-
ative, that occurred in the past year [68].

Procedure

Eligible participants were asked to attend two laborato-
ry visits at the University of [location withheld for blinded
review]. In order to promote neutrality in the results and
also to control for potential confounding variables such as
practice and expectation effects, participants were only
told that the aim of the study was to examine the effect
of stress. The other details of the experiment remained
unknown to them.

The first meeting, which lasted about 30 minutes, served
to obtain informed consent and to teach participants the
correct method of collecting saliva samples at home for
the purpose of the diurnal analyses. They were asked to:
1) rinse their mouth 10 minutes before collection (as a way
to avoid sample dilution), 2) place the salivette directly un-
der their tongue for a full three minutes, 3) avoid touching
the salivette with their fingers, and 4) store the salivettes
in the supplied containers in the refrigerator until delivery
to the lab. We also asked participants to avoid smoking
and drinking alcohol for 24 h before sample collection and
ingesting caffeine products and exercising for an hour pri-
or to collection. Participants were then given a home kit
of pre-labelled salivettes. They were required to collect
a total of five saliva samples at home on each of two con-
secutive days at the following times: upon waking, 30 min
after waking, at 1200 h, 1600 h, and 2100 h. In the event
that participants did not have access to a refrigerator to
store their salivettes until delivery to the laboratory, we
provided them with an insulated lunch bag and ice packs.

The second laboratory visit was the stress induction
portion of the study (the TSST), which lasted about two
hours; it was scheduled within seven days following the
first visit. In the laboratory, seven saliva samples were col-
lected. Figure 3 is a schematic representation of the pro-
cedure of the laboratory session. The first one, labelled
“arrival”, was retrieved as soon as the participant entered
the laboratory. They were then taken into the testing room
where a mock panel of committee members explained the
TSST instructions. The first task of the TSST involved the
preparation and delivery of a five-minute speech about
the reasons why they believe they are the most suitable
candidate for the mock job position. The second task, the
arithmetic task, followed immediately after. The saliva
sample collected between the speech preparation and the
speech delivery was labelled “anticipation” and the one
upon completion of the arithmetic task, “arithmetic”. At
each time-point that a saliva sample was collected, partic-
ipants had to rate their subjective stress level on the VAS.
Upon completion of the TSST, participants were asked
to relax in a room for one hour and complete a series of
questionnaires measuring their perceived stress, anxiety,
and fear of recurrence. Four additional saliva samples were
collected at 10, 20, 40, and 60 minutes during this phase.
Finally, participants were debriefed and the true aim of the
study was explained to them. Each saliva sample was di-
vided into three aliquots immediately after collection and
then transferred to separate Eppendorf tubes, in order to
avoid multiple freezing and thawing cycles. To foster op-
timal stability of the samples, they were stored at —-80°C
until processed [69]. Cortisol was analysed first, followed
by sAA, and finally SIgA.

Results
Participants characteristics

Participant demographics and characteristics are de-
picted in Table 1 (also depicted in [20] and [32]). In short,

the study had a total of 48 participants, which included
22 BC survivors and 26 women with no history of BC. Both
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Table 1. Demographic characteristics of participants

Demographic characteristics

Participants

Breast cancer survivors (n = 22)

58.9 [10.1] (39-81)
No. of participants (%)

Age (years): mean [SD] (range)

Healthy women (n = 26)

57.4[11] (41-73)
No. of participants (%)

Ethnicity
White 20 (90.9) 23 (88.5)
Black - 1(3.8)
Asian - 2(7.7)
First nations 2(9.1) -
Highest level of education
High school 6 (27.3) 9 (34.6)
College 4(18.2) 4 (15.4)
Bachelor’s degree 11 (50.0) 7(26.9)
Graduate degree 1(4.5) 6 (23.0)
Family income (CDN)*
Under $40,000 3 (15) 5 (20.8)
$40,000 to $79,999 10 (50) 10 (41.7)
$80,000 to $119,999 5(25) 5 (20.8)
$120,000 and over 2 (10) 4(16.7)

*breast cancer survivor group (n = 20), control group (n = 24)

groups had an average age in the late 50s (t-test group dif-
ference p = 0.488; note that BC survivors tend to be older
women and thus the age range of our sample would be
truncated by definition), a similar number of women with
postmenopausal status (y? group difference p = 0.147),
and about 90% of each group self-identified as White. To
our knowledge, aside from a few cases of hypertension,
diabetes, and osteoarthritis, no serious or untreated med-
ical conditions were present in participants. The medical
characteristics of the BC survivors are shown in Table 2
(also see [20] and [32]). Their mean age at diagnosis was
54 +9 years (SD), and they were all recruited about five
years after their diagnosis. The majority of the participants
identified with stage 1 BC. Almost half of the participants
underwent a lumpectomy procedure. All participants went
through chemotherapy, radiation, hormone therapy, and/
or surgery; most received a combination of these treat-
ments. Two participants suffered a recurrence of BC and
were therefore excluded from the study.

Data analysis

We eliminated from our data analysis participants who
had more than two missing saliva samples (out of 10) for
their diurnal data and more than three missing samples
(out of seven) for their reactive data. Based on those crite-
ria, four participants associated with the diurnal data and
10 associated with the reactive data had to be excluded.
Diurnal analyses were therefore performed on 44 partici-
pants, and reactive analyses were performed on 38 partici-
pants. The single missing value was replaced using the EM
algorithm in SPSS. Standard data and cleaning procedures
were applied to the data before analysis including tests
of normality and skewness; no transformations were re-
quired. All analyses were conducted using SPSS (v23).

A series of mixed-design analysis of variance (ANOVA)
were conducted to determine group differences in SigA

Table 2. Medical characteristics of the breast cancer survivors
Breast cancer
survivors (n = 22)

54.1(8.7)
4.6 (3)

No. of participants (%)

Medical characteristics

Mean age (years) of diagnosis (SD)
Mean time (years) since diagnosis (SD)

Stage of breast cancer

0 4(18.2)
1 10 (45.5)
2 5(22.7)
3 3(13.6)
Type of surgery
Unilateral mastectomy 6(27.3)
Bilateral mastectomy 7 (31.8)
Lumpectomy 9 (40.9)
Treatment™
Chemotherapy 10 (45.5)
Hormone therapy 14 (63.6)
Radiation therapy 14 (63.6)
Breast cancer recurrence
None 20 (83.3)
One recurrence 1(4.2)
Two recurrence 1(4.2)

*almost all participants received a combination of treatments

diurnal and reactive concentrations patterns. Bonferroni
corrections were used to control for multiple comparisons.
Violation of the assumption of sphericity, as indicated by
a significant Mauchly’s Test of Sphericity value, was offset
by the Huynh—-Feldt correction procedure, which adjusts
the degrees of freedom [70].

Diurnal secretory immunoglobulin A

A 2 x 5 mixed design ANOVA was used to examine
differences in mean SIgA concentrations collected at five
time points over two consecutive days. The analyses were
performed on the two-day average of the concentrations.
The between-subject factor was group (BC survivors or
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women with no history of BC) and the within-subject
factor was time (waking, 30 min after waking, at 1200 h,
1600 h, and 2100 h).

Figure 1A shows the plot of the diurnal SIgA concentra-
tions.Theinsetgraphsonthe upperrightsidearethe cortisol
(Fig. 1B) and the sAA (Fig. 1C) data in the same subjects for
comparison purposes[20, 32]. Overall, both groups demon-
strated similar diurnal SIgA patterns, with the highest con-
centration upon waking followed by a decrease to its nadir
by 2100 h. The statistical results revealed a significant main
effect of time (F (1.15, 48.43) = 60.40, p < 0.001, npz =0.59),
no group effect (F (1.42) = 1.22, p = 0.275, n’ = 0.03), and
a marginally significant group x time interaction (F (1.15,
48.43) = 3.71, p = 0.054, npz = 0.08). Overall, BC survivors
showed consistently elevated sAA values (Fig. 1C), but
otherwise basal values of cortisol and SIgA were compara-
ble to those of women with no history of cancer.

Secretory immunoglobulin A in response to acute
stress

Figure 2A illustrates the profile of SIgA concentration
patterns in response to an acute stressor, i.e. the TSST.
The inset graphs represent the cortisol (Fig. 2B) and sAA
(Fig. 2C) data for the same subjects for comparison pur-
poses [20, 32]. A 2 x 7 mixed-design ANOVA was used to
examine group and time differences in mean SIgA concen-
trations. The between-subject factor was group (BC survi-
vors or healthy women), and the within-subject factor was
time (arrival, anticipation, arithmetic, and 10 min, 20 min,
40 min, and 60 min after the TSST).

Both groups displayed a similar biphasic pattern with
the first SIgA increase at arithmetic and the second in-
crease at 40 minutes after the completion of the TSST. The
analysis demonstrated a significant main effect of time
(F=18.60, p < 0.001,m * = 0.193) and no group (F = 0.001,
p=097Lmn’= 0.000) or group x time interaction (F = 1.65,
p = 0.175, npz = 0.044). Across biomarkers, significant in-
teractions were only found in cortisol concentrations in re-
sponse to an acute stressor (Fig. 2B); the group differences
observed in the sAA data (Fig. 2C) match their baseline
rates (Fig. 1C) and therefore are not related to the stress
exposure.

Secretory immunoglobulin A reactivity profiles
and medical characteristics

Additional correlational analyses were performed in
order to evaluate the relationship between BC character-
istics such as the number of years since diagnosis, cancer

Saliva collection:
arrival

Saliva collection:
anticipation

Participant
arrival & details
of the session

Mock

interview task

Fig. 3. Schematic representation of the laboratory session procedure

Trier Social Stress Test (TSST)

Arithmetic

stage, and type of treatment (chemotherapy or no chemo-
therapy), and the SIgA profile observed during the TSST.
None of these analyses indicated any group differences
based on medical variables. Furthermore, both groups
showed the same degree of stress, as indicated by their
VAS ratings, throughout the TSST [20].

Discussion
Secretory immunoglobulin A findings

The goal of the current study was to complement the
findings on the concentration patterns of cortisol and
sAA in BC survivors by exploring the diurnal and reactive
profiles of an immune biomarker, i.e. SIgA, in the same
participants. We reasoned that the HPA and SNS dysreg-
ulation found in BC survivors, as interpreted from cortisol
and sAA patterns, respectively, might also be accompanied
by abnormal SIgA concentrations, a biomarker of immu-
nocompetence. However, our data showed no evidence of
uncharacteristic SIgA basal or reactive secretion patterns,
suggesting a normal and well-functioning immunological
SIgA system.

Several studies have suggested an association between
cancer experience and immune impairment [71-73], hence
the reason why we selected SIgA as the candidate biomark-
er to evaluate immunocompetence in BC survivors. To our
knowledge, only one study has measured salivary SIgA in
women after the end of treatment for BC. Jensen et al. [73]
surveyed a group of women diagnosed with BC prior to
treatment, during treatment, and six and 12 months after
treatment. Their results indicated a significant decrease
in SIgA in response to and following chemotherapy; the
levels had normalised one year after treatment. They sug-
gested that BC treatment depressed the SIgA producing
plasma cells or inhibited the immunoglobulin transport
mechanism in the salivary gland cells. As far as we know,
the very few other studies that have used SIgA as a bio-
marker of immune function in a cancer population have
investigated SIgA levels in relation to disease progression
and/or prognosis and have not looked at BC specifically
[33, 74, 75].

Using biomarkers other than SIgA, other studies have
also reported immune deficiency in cancer patients. For
example, Campbell et al. [76] studied patients undergoing
definitive surgery for BC and found a clear deficit in cyto-
kine production, suggesting a generalimmune dysfunction
in BC patients. They also noted that larger tumours were
associated with more depressed levels of T cell respons-
es. A recent study by Verma et al. [71] found that antibody

Saliva collection:
arithmetic

Saliva collection: 10, 20, 40 and
60 minutes after TSST

Questionnaires Debriefing
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levels never returned to their pre-cancer levels and that all
types of lymphocytes significantly dropped after BC treat-
ment. Similarly, Standish et al. [72] reported an important
reduction in the numbers and functions of cells from both
the adaptive and innate immune system following cancer
treatment. Although these studies represent a significant
contribution to the literature of cancer and immune im-
pairment, none of them examined immunological dys-
function in long-term survivors of cancer (more than one
year after treatment).

There are a few potential explanations for the fact that
the SIgA concentration pattern of our BC survivor group
did not differ from that of women with no history of can-
cer. First, low levels of SIgA are typically associated with
the occurrence of different clinical diseases and infec-
tions [77-79]. Despite being survivors of BC, women in
our study were perfectly healthy; they did not suffer from
any post-cancer medical conditions (at least at the time
of the saliva collection). Second, this similarity in the SigA
concentration patterns of our two groups may be due to
recovery function of the immune system in BC survivors
[80]. Studies have shown that cancer patients typically
exhibit functional immune response abnormalities up to
12 months after treatment, with the percentage of pa-
tients with entirely intact immune responses increasing
gradually with time [73, 81]. Because the saliva samples of
our participants were collected on average 4.6 years after
diagnosis, it is reasonable that the negative impact of the
cancer experience on individuals’ immunity may have nor-
malised over time. Third, SIgA only makes up for a small
proportion of all salivary immune ingredients and antibac-
terial proteins, including immunoglobulin and non-immu-
noglobulin [33]. Although salivary SIgA is defined as the
primary means of assessing the body’s “first line of de-
fence” and is the most prolific antibody in saliva [33, 82],
perhaps the measurement of other immunoglobulins such
as immunoglobulin G or M or non-immunoglobulins such
as lysozyme would have revealed more about the immune
status of our participants.

Cortisol, a-amylase, and secretory
immunoglobulin A findings

Taken together, the SIgA findings reported here, com-
plemented by the cortisol and sAA findings in the same
individuals [20, 32] suggest three main conclusions. Breast
cancer survivors, roughly five years after diagnosis: 1) ex-
hibit a dysregulated HPA system, as indexed by a blunted
cortisol pattern when confronted with an acute stressor,
but otherwise had normal basal rhythms of the hormone;
2) displayed a dysregulated SNS on their elevated diurnal
SAA concentration patterns, which was sustained in the
face of an acute stressor; and 3) did not show mucosal
immunity dysregulation, as demonstrated by their normal
basal and reactive SIgA profiles.

Being diagnosed with cancer involves multiple complex
and repeated stressful events over the course of diagnosis,
treatment, and survivorship trajectory [83]. Our observa-
tion of a disruption of biological systems might, at least
in part, be the result of these repeated “hits” of excessive

stress that accompany a BC diagnosis and its aftermath
[84]. Since the stress systems play a central role in the
coordination and regulation of multiple system respons-
es such as behavioural, physiological, and metabolic re-
sponses [85, 86], it is not surprising that HPA axis and SNS
abnormalities have been associated with several negative
outcomes such as depression, diabetes, post-traumatic
stress disorder, metabolic dysfunction, hypertension, anxi-
ety disorders, and cardiovascular diseases [87-90]. McGirr
et al. [91] even found a relationship between dysregulat-
ed HPA axis and SNS and higher risk for suicide. Gaining
a better understanding of how these abnormalities in
stress systems lead to increased risks for various medical
conditions is therefore primordial for the prevention and
protection of vulnerable populations such as BC survivors.

The biological dysregulations found in our studies clear-
ly indicate that BC survivors could benefit from additional
follow-up care and post-treatment surveillance. Medical
practices promoting regular and consistent monitoring for
the late effects of cancer by physicians should be imple-
mented in cancer care routine. The elaboration of health
promotion and lifestyle intervention strategies aiming to
optimise health after cancer should be a basic consider-
ation and achieved based on the recommendations of the
many studies that have identified factors associated with
psychological and physical health in cancer survivors. For
instance, interventions promoting social support, purpose
in life, self-acceptance, and expressive activities have been
shown to maximise survivors’ health outcomes [92, 93].
Indeed, many studies have suggested that psychological
interventions following cancer treatment reduce the stress
associated with the cancer survivorship trajectory, de-
crease the risk of recurrence, and enhance positive coping,
quality of life, and physiological responses, such as those
studied in the current study [12, 94, 95]. It would therefore
be beneficial to consider the incorporation of such ser-
vices into standard medical care for cancer survivors.

With the number of cancer survivors climbing each year,
efforts to better understand, monitor, and mitigate the
physiological consequences of a cancer experience is criti-
cal. This study is the first to describe long-term trajectories
of cancer-related stress in BC survivors by examining SIgA
levels specifically and comparing them to cortisol and sAA
levels in the same women. The present work allows us to
further elucidate the physiological sequelae of a cancer ex-
perience on the human stress systems and has important
clinical significance as it represents a step forward towards
the development of specific guidelines and practical rec-
ommendations for optimal cancer survivorship care plan.
Moreover, as some studies found that being a survivor of
cancer may divert attention away from other health condi-
tions, thereby leading to delayed healthcare [96], it is even
more important to educate people and raise awareness in
public health organisations about the adverse long-term
effects of a cancer experience.

Limitations and future directions

First, the sample size in our study is small, albeit com-
parable to that observed in other published reports of
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this nature [72, 75, 97]; these study protocols are quite
demanding, making recruitment very challenging. Sec-
ond, while we did compare our clinical results to that of
a disease-free sample, it would have been useful to have
had information on the baseline status of the biomark-
ers we examined in our studies. Third, it would be ideal
to include the measurement of other immunoglobulin
levels in order to allow for a broader assessment of BC
survivors’ immune functioning. Because of: a) SIgA under-
investigation in the BC survivor population, b) its critical
role in immune function, and c) its direct impact on many
anti-inflammatory and immunological responses, its as-
sessment appeared to be the most pertinent biomarker
of stress and immunity to examination in this study, given
our limited resources. Finally, the reliance on convenience
sampling may undermine the ability to extend our find-
ings to the BC survivor population as a whole.

This study prompts several future research directions
and objectives. With all the notable evidence derived from
cancer survivorship research on the long-term adverse ef-
fects of a cancer experience, it is essential now that cancer
research not solely focus on curing the underlying disease
but also simultaneously strive towards finding interven-
tions with minimal toxicity but optimal effectiveness, in
order to limit the undesirable post-treatment outcomes.
Future studies should not only investigate biomarkers
and their underlying mechanisms but should also explore
ways and methods of reversing these biological dysfunc-
tions caused by the cancer experience. Furthermore, be-
cause most of the cancer survivorship research to date
has employed cross-sectional cohorts, longitudinal stud-
ies examining the trajectories of the physiological and bi-
ological consequences of the cancer experience over time
are essential to evaluate decrements in survivor func-
tioning. Finally, it is crucial for future cancer survivorship
studies to consider including immune biomarkers such as
SlgA more often in their design because components of
the innate mucosal system are vital in the body’s defence
against pathogens.

Conclusions

There are still many gaps in the literature that need
to be addressed in order to gain a better overall under-
standing of the consequences of a BC experience on an
individual's stress-related physiological functioning. Our
results indicate certain abnormalities in biological sys-
tems following a cancer experience and emphasise the
need for continued research in this ever-growing cancer
survivor population. They further suggest that our on-
going healthcare and support services be re-evaluated
in order to ameliorate the late and long-term effects of
a cancer experience. Since the population of cancer sur-
vivors continues to grow each year, cancer survivorship
needs to be a research priority in order to keep up with
their needs.
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