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Abstract

Purpose More women diagnosed with breast cancer (BC) are living with oncology treatment—induced hot flushes (HFs). This
Australian-based survey explores why some women experience more severe or ongoing HF and whether specific population
characteristics are predictive of HF occurrence, frequency, and/or severity.

Methods A non-probabilistic anonymous survey distributed online (Register4) and two Australian hospitals collected demo-
graphic and clinical information. Eligibility was consenting Australian-based women, 18 years and over, with a primary BC
diagnosis. Analysis included linear and logistic regression models.

Results A total of 324 survey responses were analyzed. Chemotherapy and hormone therapy were each associated with HF
occurrence (aOR =2.92,95% CI [1.27, 6.70], p = 0.01; and aOR = 7.50, 95% CI [3.02, 18.62], p < 0.001) and in combination
(aOR =5.98,95% CI [2.61, 13.69], p < 0.001). Increased self-reported anxiety at BC diagnosis was significantly associated
with HF frequency and severity scores (aCO = 0.71, 95% CI[0.31, 1.12], p = 0.001; and aCO = 0.44, 95% CI [0.33, 0.55],
p < 0.001). Postmenopausal women had significantly lower HF severity and frequency scores than premenopausal women
(aCO =-0.93,95% CI [-1.62, —0.25], p = 0.008; and aCO = —2.62, 95% CI [-5.14, —0.11], p = 0.041).

Conclusions Women with BC receiving chemotherapy and/or hormone therapy and premenopausal or experiencing elevated
anxiety and/or stress will likely experience more severe oncology treatment—related HFs.

Implications for Cancer Survivors HFs continue across the BC treatment trajectory with women >5-year survivorship still
reporting life impacts, with premenopausal women at the time of BC diagnosis at higher risk of experiencing severe and
more frequent oncology treatment-induced HFs than postmenopausal women. Women at high risk require information on
methods to moderate HF potential life impacts and maintain treatment compliance.

Keywords Breast neoplasms/cancer - Hot flushes - Hot flashes - Vasomotor symptoms - Chemotherapy - Hormone therapy -
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aOR Adjusted odds ratio PIS Participant Information Sheet

aCoO Adjusted coefficient QoL Quality of life

BC Breast cancer UTS University of Technology Sydney
BMI Body mass index VMS Vasomotor symptoms

CI Confidence interval

CO Coefficient

DASS-21 Depression Anxiety Stress Scales Introduction
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HFs Hot flushes Breast cancer (BC) is the most common cancer affecting

women globally. The occurrence peaks between 55 and
70 years of age, with an estimated 2.3 million women
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diagnosed in 2020 [1]. In Australia, with earlier detection
and improved treatments, the 5-year survival increased from
76.1% in 1988 to 91.5% in 2013 and remains at 91.5% [2],
similar to other high-income countries [3].

Between 51 to 82% of women living with a BC diag-
nosis experience oncology treatment—induced vasomo-
tor symptoms, inclusive of hot flushes (HFs) [4, 5]. BC
survivors also experience HFs that are significantly more
frequent, severe, distressing, and of greater duration than
experienced during menopause [6—8]. Defined as a feeling
of intense heat in the face, neck and trunk, HFs last on aver-
age 4 min and are accompanied by sweating [9-11]. While
menopausal HFs decrease with time, BC treatment-related
HFs continue into the post-treatment period [11].

HFs experienced by women with BC negatively impact
quality of life (QoL) [12], with sleep disruption, avoid-
ance of social situations and intimate relationships, and
decreased performance and ability to work, commonly
impacted. They are associated with negative affective
states, including anxiety, depression, tension, anger, and
confusion [7, 12]. Critically, HFs can interfere with life-
saving adherence to prescribed medication [4, 13—15].
Women with a risk of BC relapse have declined hormone
therapy in part due to concerns about HFs, while others
have discontinued treatment early due to intolerable HFs
[12, 16].

Despite the personal and clinical impacts, few stud-
ies explore why some women experience more severe or
ongoing HF induced from oncology treatment than others.
Such information may help manage patients’ expectations
and design prospective education and treatment strategies
about the effect of HFs to support treatment adherence. The
aim of this study was to determine factors associated with
BC oncology treatment—induced HFs, and whether specific
characteristics are predictive of HF occurrence, frequency,
and/or severity.

Methods
Study design and inclusion criteria

This is a self-administered, single-measure, anonymous
survey using convenience, non-probabilistic sampling
conducted in New South Wales (NSW), Australia, with
Ethics approval (see below). Survey distribution occurred
between January 2020 and September 2021 through NSW-
based BC support groups, two large Sydney hospitals (The
Kinghorn Cancer Centre, St Vincent’s Hospital and Patri-
cia Ritchie Cancer Care Centre, Mater Hospital), and Reg-
ister4 (an online community). Eligibility was consenting
Australian-based women residing in NSW aged 18 years
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and over, with a primary BC diagnosis of any stage. There
was no time-based restriction since diagnosis. Women with
a secondary BC diagnosis were excluded. The survey was
administered in English.

There were two survey versions to maximize response:
hardcopy and online (via SurveyMonkey) (Appendix A).
A copy of the Participant Information Sheet (PIS) was
provided electronically via a survey page link before com-
pleting the survey. The hardcopy version included the PIS
and a reply-paid envelope. The PIS explained the survey
purpose that consent was implied through submission of
the completed survey, assurance of confidentiality, and
time required to complete the survey. No incentive was
provided.

Survey instrument design

A 33-item survey questionnaire was developed after
reviewing studies reporting the evaluation of predictive
participant characteristics in the occurrence, severity, and/
or frequency of HFs (or hot flashes) induced by BC treat-
ment or menopause. Survey questions were generated for
the related identified domains: menopausal status, lifestyle
factors, cancer treatment and medications, and the occur-
rence (binary yes/no), frequency (number/day as an aggre-
gate based on recall), and severity of HFs (on a numerical
rating scale, where 0 is not severe and 10 is most severe)
for women experiencing either natural and/or BC oncol-
ogy treatment—induced HFs. Generated survey questions
explored characteristics in each domain. HF interference
on daily activities and QoL for women still experiencing
HFs was measured using the validated Hot Flush—Related
Daily Interference Scale (HFRDIS) [17]. The Depression
Anxiety Stress Scales (DASS-21) assessed respondents’
related negative affective states [18, 19]. The survey was
checked for readability, comprehension, flow, and content
relevance.

Data analysis

Data were analyzed using Stata SE 16.0 (StataCorp, Col-
lege Station, TX, USA). Categorical data are presented as
percentages with frequency, and continuous data are pre-
sented as mean with standard deviation, while skewed data
are presented as median with interquartile range (25th—75th
centile). Logistic and linear regression modelling evalu-
ated the relationship between independent variables and the
dependent variable of either HF occurrence, frequency, or
severity. The linear models were checked for valid assump-
tions of residual normality, linearity, and homoscedasticity.
Multivariable models were examined for multicollinearity
using variance inflation factor.
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Results

A total of 328 surveys were returned: 17 paper-based and
311 on-line (Register4, n = 260; Mater Hospital, n = 40;
Kinghorn Cancer Centre, n = 11). Register4 provided
expression of interest data from 454 women, indicating a
57% response rate. Four surveys not specifying a BC diag-
nosis were excluded. A final 324 surveys were included
for analysis.

Cohort characteristics

Most participants were over 55 years old (n = 235, 73%),
with between the ages of 55 and 64 years old (n = 112,
35%) being the most frequent age range. Participants more
often reported being married or in a de facto relationship
(n = 245, 76%), co-habiting (n = 228, 70%), and having
children (n = 219, 68%). The most frequently indicated
nationality at birth was Australian/New Zealander (n =
243,75%), and the most frequently self-reported ethnicity
was European (n = 173, 54%).

Most women were premenopausal at diagnosis (n =
194, 60%) with 81% of these women still experiencing
HFs (n = 158) compared with 68% (n =89) of postmeno-
pausal women. Most women reported a single cancer diag-
nosis (n = 240, 74%), with stage I the most frequent (n =
73, 56%). Most women had undergone surgery (n = 289,
89%) followed by radiotherapy (n = 247, 76%), hormone
therapy (n = 199, 62%), or chemotherapy (n = 194, 60%),
with 36% (n = 116) reporting combined chemotherapy
and hormone therapy. Of the participants prescribed hor-
mone therapy, most specified aromatase inhibitors (Al) (n
=95, 73%) followed by tamoxifen (n = 36, 27%). Around
23% (n = 73) of women completed treatment within the
last 2 years, with most (n = 187, 60%) completing treat-
ment more than 5 years ago. (Appendix B, Table B.1, sum-
marizes participants’ demographic and oncology-related
characteristics.)

Lifestyle characteristics

Appendix B, Fig. B.1 provides a breakdown of participants’
lifestyle characteristics within each HF occurrence group.
Most participants reported low daily dietary intake of veg-
etables, fruit, and water. Alcohol consumption was mostly
“moderate or less” and physical activity was “sufficient.”
Approximately a third of the participants had smoked (n =
115). A higher percentage of participants who experienced
HFs (45%) were a healthy weight (BMI 18.6 to 24.9 kg/mz)
versus those who did not (36%).

Instrument-reported outcomes: HFs and stress,
anxiety, and depression

The HFRDIS was completed only by women who answered
“yes” at Question 32 (survey section 2), indicating they
were still experiencing HFs (approx. 60% of respondents
still reported HFs). Obtained data were divided into three
categories: mild, moderate, and severe. Of the 186 women
completing the HFRDIS, 22% (n =40) considered HF life
interference as moderate or above expectations with sleep
the most affected factor (Appendix B, Fig. B2).

All participants irrespective of HF status were asked to
complete the self-reported stress/anxiety numerical scale
(Question 30) and the DASS-21 (survey section 3; refer to
Table 1). Most participants (n = 181, 56%) self-reported
experiencing above-average levels of stress/anxiety upon
commencing cancer treatment (a score of >5). The DASS-
21 findings indicated most women were currently within
“normal” range for stress (84%), anxiety (78%), and
depression (89%) at the time of the survey.

Table1 Outcomes from scales reporting participants’ HF intensity
(where relevant) and the cohort’s stress, anxiety, and depression char-
acteristics with and without oncology treatment—induced HFs

Characteristics All With HFs Without HFs
n (%) n (%" n (%)
HFRDIS* 186 (100%) 186 (100%) n/a
Mild 146 (78.49) 146 (78.49) -
Moderate 29 (15.59) 29 (15.59) -
Severe 11 (5.91) 11 (5.91) -

Self-reported anxiety 324 (100%) 247 (76.24%) 77 (23.77%)

scale

<5 143 (44.14) 135(41.67) 8(2.47)

>5 181 (55.86) 112 (34.57) 69 (21.30)
DASS-21 results— 314 (100%) 238 (75.80%) 76 (24.20%)

stress

Average 264 (84.08) 199 (63.38) 65 (20.70)

> Average 50 (15.92) 39 (12.42) 11 (3.50)
Anxiety 314 (100%) 238 (75.80%) 76 (24.20%)

Average 246 (78.34) 183 (58.28) 63 (20.06)

> Average 68 (21.66) 55 (17.52) 13 (4.14)
Depression 314 (100%) 238 (75.80%) 76 (24.20%)

Average 279 (88.85) 211 (67.20) 68 (21.65)

>Average 35(11.15) 27 (8.60) 8 (2.55)

AHFs oncology treatment—induced hot flushes; n» number, % cal-
culated out of the total patients in each characteristic group for the
scales completed. *HFRDIS Hot Flush-Related Daily Interference
Scale. (n/a, not applicable) — completed only by women experiencing
HFs at the time of the survey. ~DASS-21 Depression, Anxiety, and
Stress Scale
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Specific characteristics and relationship with HF
occurrence

In the univariable regression analysis, which included all
women who had ever experienced HFs (Table 2), menopau-
sal status resulted in a statistically significant relationship
(Y*(2) = 6.87, p = 0.009). Women who were postmeno-
pausal were less likely to experience HFs compared with
premenopausal women (OR = 0.50, 95% CI [0.30, 0.84]).

A statistically significant association of HFs with
chemotherapy (OR = 4.05, 95% CI [1.86, 8.81]), hor-
mone therapy (OR = 7.65, 95% CI [3.32, 17.61]), and a
combination of chemotherapy and hormone therapy (OR
=8.19,95% CI [3.75, 17.88]) was also found.

Multiple logistic regression was undertaken on the data
of n = 316 respondents with predictors selected based on
a literature review (adjusted age, education level, meno-
pausal status prior to cancer and oncology treatment). The
model showed statistical significance for chemotherapy
(aOR =2.92,95% CI [1.27, 6.70], p = 0.011), hormone
therapy (aOR = 7.50, 95% CI [3.20, 18.62], p < 0.001),
and combined chemotherapy and hormone therapy (aOR
=5.98,95% CI [2.61, 13.69], p < 0.001) which remained
significant predictors of HF occurrence.

Specific characteristics and relationship with HF
frequency and severity

Univariable regression results between specific characteris-
tics and HF are shown in Table 3 (HF frequency) and Table 4
(HF severity). Chemotherapy was associated with HF fre-
quency (CO = 2.26, 95% CI [0.27, 4.29], p = 0.030) and
hormone therapy was negatively associated (CO = —2.69,
95% CI [-4.77, —0.6], p = 0.012). Post-menopausal status
was associated with less frequent and less severe HFs than
premenopausal status (respectively, CO = —3.27, 95% CI
[-5.27, -1.26], p = 0.002 and CO = —1.22,95% CI [-1.83,
—0.63], p < 0.001). Higher self-reported anxiety upon com-
mencing cancer treatment was associated with an increase in
HF frequency and severity (respectively, CO = 0.87,95% Cl
[0.50, 1.24], p < 0.001; and CO = 0.46, 95% CI [0.36, 0.56],
p < 0.001), as was completing an apprenticeship or awarded
a diploma (respectively, CO = 2.39, 95% CI [0.17, 4.62], p
= 0.035; and CO = 0.72, 95% CI [0.03, 1.40], p = 0.041);
however, only marginally compared to having a university
level degree.

Premenopausal women experienced more severe and
frequent HFs when commencing oncology treatment
(Appendix B: Fig. B.3 and B.4). As self-reported anxiety
increased, so did the HF severity score, which showed a

Table 2 Univariable and

S . Independent variables
multivariable models showing

Univariable model Multivariable model”

the association of significant OR (95% CI) p-value OR (95% CI) p-value
variables with the occurrence
of oncology treatment—induced Age
HFs <34 Reference Reference
35-44 1.47 (0.35, 6.16) 0.593 1.06 (0.23, 4.73) 0.935
45-54 1.57 (0.38, 6.39) 0.526 1.14 (0.26, 5.07) 0.854
55-64 1.20 (0.29,4.91) 0.796 1.15(0.22,5.97) 0.861
65-74 0.34 (0.08, 1.46) 0.151 0.34 (0.06, 1.91) 0.224
Education level
Academic/university degree Reference Reference
Apprenticeship/diploma 1.33 (0.70, 2.56) 0.386 1.53 (0.74, 3.16) 0.245
High school graduate or less 0.53 (0.29, 1.00) 0.049* 0.86 (0.41, 1.80) 0.698
Menopausal status prior to cancer
Premenopausal Reference Reference
Postmenopausal 0.50 (0.30, 0.84) 0.009* 0.74 (0.32, 1.72) 0.489
Oncology treatment
Neither chemo- nor hormone Reference Reference
Chemotherapy 4.05 (1.86, 8.81) 0.000* 2.92 (1.27,6.70) 0.011*
Hormone therapy 7.65 (3.32,17.61) 0.000* 7.50 (3.02, 18.62) 0.000*
Chemo- and hormone therapy 8.19 (3.75, 17.88) 0.000* 5.98 (2.61, 13.69) 0.000*

OR odds ratio, CI confidence interval, Reference: baseline value

The dependent variable in this analysis is occurrence of oncology treatment—induced HFs coded

0 =no and 1 = yes. *Model adjusted for the variables shown in the table. *Significant p-value (<0.05)
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Table 3 Univariable and
multivariable models showing
the associations between
variables and oncology
treatment—induced HF
frequency

Table 4 Univariable and
multivariable models showing
the associations between
variables and oncology
treatment—induced HF severity

Independent variables

HF frequency (n = 241): univariable HF frequency (n = 217): multi-

model variable model”
CO (95% CI) p-value  CO (95% CI) p-value
Education level
Academic/university degree Reference Reference
Apprenticeship/diploma 2.39(0.17, 4.62) 0.035 2.04 (—=0.29, 4.38) 0.086
High school graduate/less 2.31 (-0.43, 5.06) 0.098 2.44 (—0.55, 5.44) 0.109
Menopausal status prior to cancer
Premenopausal Reference Reference
Postmenopausal -3.27 (=527, -1.26)  0.002* —2.62 (-5.14,-0.11)  0.041*

Oncology treatment

Neither chemo- nor hormone

Chemotherapy
Hormone therapy
Radiotherapy
Surgery

Self-reported anxiety scale
DASS-21 results (n = 147)

Stress
Anxiety

Depression

Reference Reference

2.26 (0.27,4.29) 0.030* 1.07 (—1.20, 3.35) 0.352
—2.69 (—4.77, -0.60)  0.012* —2.32(—4.55,-0.08) 0.043*
0.87 (—1.50, 3.23) 0.472 1.9 (-0.53,0.34) 0.125
0.37 (-3.01, 3.75) 0.829 —1.15 (—4.89, 2.59) 0.546
0.87 (0.50, 1.24) 0.000%* 0.71 (0.31, 1.12) 0.001*
0.19 (—=0.11, 0.48) 0.206

0.46 (0.05, 0.87) 0.028%*

0.18 (—0.16, 0.52) 0.296

HF hot flush, CO coefficient, CI confidence interval, DASS-21 Depression, Anxiety, and Stress Scale, Ref-
erence: baseline value. “Model adjusted for the variables shown in the table. *Significant p-value (<0.05)

Independent variables

HF severity (n = 241): univariable HF severity (n = 217): multi-

model variable model®
CO (95% CI) p-value  CO (95% CI) p-value
Education level
Academic/university degree Reference Reference
Apprenticeship/diploma 0.72 (0.03, 1.40) 0.041*  0.38 (—0.25, 1.02) 0.238
High school graduate/less 0.56 (—0.27, 1.04) 0.186 0.31 (-0.52, 1.13) 0.463
Menopausal status prior to cancer
Premenopausal Reference Reference
Postmenopausal —-1.22 (-1.83,-0.63)  0.000* -0.93 (-1.62,-0.25)  0.008*

Oncology treatment
Chemotherapy
Hormone therapy
Radiotherapy
Surgery

Self-reported anxiety scale
DASS-21 results (n = 147)

Stress
Anxiety

Depression

0.38 (-0.25, 1.01) 0.237 0.09 (-0.53, 0.70) 0.784
—0.09 (=0.75, 0.56) 0.779 0.26 (—0.35, 0.87) 0.398
0.33 (-0.40, 1.07) 0.368 0.66 (0.00, 1.33) 0.05
0.05 (-1.00, 1.11) 0.919 -0.89 (-1.91, 0.13) 0.086
0.46 (0.36, 0.56) 0.000*  0.44 (0.33, 0.55) 0.000%*
0.12 (0.04,0.21) 0.005*

0.23 (0.12, 0.35) 0.000*

0.07 (=0.02, 0.17) 0.135

HF hot flush, CO coefficient, CI confidence interval, DASS-21 Depression, Anxiety, and Stress Scale, Ref-
erence: baseline value. "Model adjusted for the variables shown in the table. *Significant p-value (<0.05)
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positive moderate linear relationship (Pearson’s correlation
= 0.51, p < 0.001). An increase in self-reported anxiety
escalated with HFs’ daily frequency; however, it was a weak
linear relationship with many outliers (Pearson’s correlation
=0.30, p < 0.001) (Appendix B: Fig. B.5 and B.6).

A sub-analysis comparing the HFRDIS data of 147
women (that is, those still experiencing HFs at completion
of the survey) with their complete DASS-21 responses was
undertaken. Anxiety had a significant association with HF
frequency (Table 3) and severity (Table 4) (respectively, CO
=0.46,95% CI1[0.05, 0.87], p = 0.028; and CO = 0.23, 95%
CI[0.12, 0.35], p < 0.001). Stress had a significant associa-
tion with HF severity (CO = 0.12,95% CI [0.04, 0.21], p =
0.005) (Table 4).

In the multiple linear regression, the confounders of
age, menopausal status, living arrangement, educational
level, BMI, alcohol consumption, oncology treatment, and
anxiety were included in the analysis based on the literature
reviewed. The model for severity was statistically significant
(R*> = 0.34, F(18,198) = 5.69, p < 0.001), as was the model
for frequency (R* = 0.18, F(18,198) = 2.46, p = 0.0013).
Hormone therapy and postmenopausal status were only mar-
ginally significant with HF frequency respectively (aCO =
—2.32,95% CI[—4.55, —0.08], p = 0.043; and aCO = —2.62,
95% CI [-5.14, —0.11], p = 0.041). However, menopausal
status remained significant with HF severity (aCO = —0.9;
95% CI [-1.62, —0.25], p = 0.008). Self-reported anxiety
upon cancer diagnosis was also significant with HF fre-
quency (aCO = —0.71, 95% CI1[0.31, 1.12], p = 0.001) and
HEF severity (aCO = 0.44, 95% CI [0.33, 0.55], p < 0.001).

Discussion

This is the first Australian-based survey completed by
women with a BC diagnosis reporting their experiences
of oncology treatment—induced HFs. Having chemother-
apy and/or hormone therapy was statistically significantly
associated with the occurrence of treatment-induced HFs.
Increased anxiety was associated with increased severity and
frequency of HFs, with premenopausal women being most
at risk, especially for HF severity.

Women who received chemotherapy had 2.9-fold higher
odds of HFs while those taking hormone therapy had 7-fold
higher odds, compared to women receiving neither chemo-
therapy nor hormone therapy (Table 2), with premenopausal
women at more risk. For chemotherapy, this is a similar out-
come to the results reported by Reeves et al. [20] who noted
an approximate 2-fold higher odds of HFs (OR 1.80, 95%
CI [1.21-2.68]). However, Reeves et al. [20] only reported
approximately 2-fold higher odds of HFs in those who
received hormone therapy (OR 2.73, 95% CI [2.08-3.58])
compared with 7-fold higher increase in our study. The
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higher rate may reflect cohort menopausal status differences
with Reeves et al. exclusively recruiting postmenopausal
women for whom hormonal disruption may be less marked
compared with premenopausal women (who comprised 60%
of participants in our study). Lastly, only 62% of women
indicated they received hormonal therapy which is low con-
sidering approximately 75% of all BC are estrogen receptor
positive [21]. The proportion of estrogenic receptor positive
BC participants was unknown in the present study.

A longitudinal study by Savard et al. [22] of 126 women
reported chemotherapy associated with greater HF sever-
ity and frequency compared to women who had received
radiotherapy or a healthy control group. Severity saw a
13.2-percentile difference in the combined scores recorded
in a HF diary between the chemotherapy (94.8) and radio-
therapy (81.6) groups 3 months post-treatment. Our results
indicated chemotherapy was marginally associated with a
higher HF frequency only in the univariable analysis, and
not associated with HF severity. Variance in data collec-
tion time points may account for differences with our study,
with the effect of treatment on HFs diminishing over time.
Additionally, we found no significant association between
radiotherapy and HFs. Both Al and tamoxifen were associ-
ated with the occurrence of HFs.

Menopausal status was significantly related to HF occur-
rence when considered as a univariate model but was not
significant when controlling for chemotherapy, hormone
therapy, and confounders. Other studies report that younger
and premenopausal women generally receive more intense
chemotherapy/hormone therapy [4, 20, 23-25], which may
confound the results.

In a cohort study involving 5023 Chinese women with
BC, Dorjgochoo et al. [23] reported the highest occur-
rence of HFs was in the 46 to 55 years age range, the old-
est group of premenopausal women. This is similar to the
current study, even though the two studies had differences
in respondent ethnicity, the odds of treatment-induced HFs
were highest between the ages of 45 and 54. Menopausal
status was significantly associated with HF severity (p =
0.008) and associated with HF frequency (p = 0.041). Few
studies have examined HF frequency and severity, and fur-
ther investigation is required.

According to the World Health Organization, 60% of
factors related to individual health and QoL are correlated
to lifestyle choices [26]. Caffeinated drinks and alcohol are
established precipitators of HFs and avoiding these may help
to decrease them [27]. Evidence indicates that BMI above
the normal range (>25 kg/m?) increases the likelihood of
HFs in both oncology [4, 22] and menopause populations
[28, 29]. While BMI differences of 10% (Fig. B.1) were
noted between women experiencing and those not experi-
encing HF in this study, this was not significant and not
explored further.
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A cancer diagnosis is a catalyst for anxiety and it is
reasonable to consider the formation of a compounding
reciprocating relationship with HFs. Llaneza et al. [30] pro-
posed that an increase in sympathetic activity associated
with episodes of stress and anxiety exacerbates oncology
treatment—induced HFs. Menopausal HF research reported
women with moderate or high anxiety were respectively
nearly three and five times more likely to report HFs com-
pared to women with mild levels of anxiety [28]. A study of
56 French Canadian women by Guimond et al. [31] found
greater anxiety predicted more severe self-reported HFs.
A statistically significant relationship was found in this
study between self-reported anxiety upon cancer diagno-
sis and both severity (aCO = 0.44, 95% CI [0.33, 0.55], p
< 0.001) and frequency (aCO = 0.71, 95% CI[0.31, 1.12],
p = 0.001) of treatment-induced HFs; however, Pearson’s
correlation coefficient indicates only a moderate relation-
ship with severity (r = 0.5), and a weak relationship with
frequency (r = 0.3). While anxiety influenced the impact
of HFs, there was no association found with HF occurrence
in the current study (refer to Table 1). It is possible that
associations were underestimated or undetected as the self-
reported anxiety scale required participants to rate their
anxiety retrospectively, which may lead to recall bias.

To examine associations with stress, anxiety, and depression
using the DASS-21, the sample was reduced to women who
were experiencing treatment-induced HFs at the time of par-
ticipating in the survey (n = 146). Anxiety was associated with
HF severity and frequency, and stress was associated with HF
severity in the univariate analysis. No statistically significant
association was found with depression. The nature of the asso-
ciation is not clear—whether HF experience increases stress
and anxiety or whether stress and anxiety trigger HFs.

There were study limitations. Firstly, 187 participants
(59%) received a BC diagnosis > 5 years ago, with 78%
(n = 146) continuing to experience HFs. This means the
reported HF experiences may be weighted towards current
happenings rather than those experienced at the time of their
original diagnosis. Additionally, there is recall bias relating
to past experiences of HFs at the time of cancer diagnosis.
For this reason, the HFRDIS was only completed by women
still experiencing HFs. For questions with open responses,
there were instances of incomplete information, miss-spell-
ing, and response avoidance due to possible uncertainty.
Self-reported ethnicity under-represented women from cul-
turally and linguistically diverse communities and further
reach-out to overcome coverage bias is required. Finally, the
study occurred during the COVID-19 pandemic and moved
online to ensure population reach. Moving forward, further
study is recommended using a repeat-measure study design
to track HF occurrence, frequency, and severity relative to
women’s experience across the BC treatment and survivor-
ship trajectory.

Conclusion

Women between 45 and 55 years of age diagnosed with BC
who received chemotherapy and/or hormone therapy alone
and in combination or were anxious or stressed experienced
greater issues with oncology treatment—induced HFs. Women
sharing these characteristics in the future should receive
focused support to mediate the life impacts of HFs. We
also found HFs continue for women across the trajectory of
survivorship, with 78% of women >5 years of survivorship
still reporting life impacts. Different from previous studies,
we identified premenopausal women at diagnosis at higher
risk of severe and more frequent HF compared to postmeno-
pausal women (aCO = —0.93; 95% CI [-1.62, —0.25], p =
0.008) and (aCO= —-2.62,95% CI[-5.14, —0.11], p = 0.041)
respectively.

Knowing the predictive impact of oncology treat-
ment—induced HFs has implications for the targeted use of
finite health resources and improves the success of reduc-
ing adverse impacts while helping treatment compliance by
supporting those women most at risk. There are additional
ethical and consensual considerations to inform women
diagnosed with BC in advance of treatment about the consid-
erable impact of HFs. Finally, oncology treatment—induced
HFs effect several domains of women’s lives, and further
investigation into therapies to moderate or alleviate the con-
siderable impacts is required.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11764-024-01647-7.

Acknowledgements The authors would like to thank and acknowledge
the Mater Hospital North Sydney, Oncology Recovery Service Inc.
(Woollahra), and Encore Breast Cancer Support Group (NSW) for
survey distribution at their facilities, along with Register4 (an initia-
tive of the National Breast Cancer Foundation). Special thanks to the
following people: Kerry Hawke, Lesley Kidson, Amanda O’Reilly,
Peta Brydon, Deborah Street, Kate Guthrey, Kyro Brower, Narelle
Brookfield, Julie Guy, Gretchen Highfield, Susie Reynolds, and Dr.
Katharine Hodgkinson at Headway Health for their expertise, time,
and support for the study. Acknowledgment also extends to all the
women who participated in this project, for their time and completion
of the survey. SW salary as a Fellow of the School of Health Sciences
(WSU) is supported by a donation from Charters Halls for integrative
medicine.

Author contribution Conceptualization: S.G., S.W., and D.J.M.
Methodology: S.G., S.W., and D.J.M. Formal analysis: S.G., A.J., and
A.D.L. Investigation: S.G. Data curation: S.G. Writing—original draft:
S.G. and S.W. Writing—review and editing: S.G., SSW., D.J.M., AJ.,
and A.D.L. Supervision: S.G., S.W., and D.J.M. Funding acquisition:
D.J.M. Project administration: S.G., S.W., and D.J.M. All authors
commented on previous versions of the manuscript and have read and
agreed to the final published version.

Funding Open Access funding enabled and organized by CAUL and

its Member Institutions. This research was supported by an internal
Higher Degree Research (HDR) grant (Faculty of Science: University

@ Springer


https://doi.org/10.1007/s11764-024-01647-7

Journal of Cancer Survivorship

of Technology Sydney). No funding was received to assist in the prepa-
ration of this manuscript.

Data availability The datasets analyzed during the current study are
available from the corresponding author (Deborah J. Marsh) on rea-
sonable request.

Declarations

Ethics approval This study was performed in line with the principles of
the Declaration of Helsinki. Ethics approval was by St Vincent’s Hos-
pital Human Research Ethics Committee (2020/ETH00494), and the
University of Technology Sydney Human Research Ethics Committee
(ETH20-5588, ETH21-6215). Only HREC-approved study procedures
were performed.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study through their submission of
a completed survey.

Consent for publication Participants were informed of the intent to
publish as part of the consenting to participate process.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. LeiS, Zheng R, Zhang S, Wang S, Chen R, Sun K, Zeng H, Zhou
J, Wei W. Global patterns of breast cancer incidence and mortal-
ity: a population-based cancer registry data analysis from 2000
to 2020. Cancer Commun (Lond). 2021;41(11):1183-94. https://
doi.org/10.1002/cac2.12207.

2. AIHW Australian Institute of Health and Welfare secures contract
for Phase 1 STaR Treatment Data (Schedule no. 5 under AIHW
- Cancer Australia MoU). (2016). In Pivotal Sources. SyndiGate
Media Inc. Accessed 05 December 2023

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.
org/10.3322/caac.21660.

4. Fisher WI, Johnson AK, Elkins GR, Otte JL, Burns DS, Yu M,
Carpenter JS. Risk factors, pathophysiology, and treatment of hot
flashes in cancer. CA Cancer J Clin. 2013;63(3):167-92. https://
doi.org/10.3322/caac.21171.

5. Harris PF, Remington PL, Trentham-Dietz A, Allen CI, New-
comb PA. Prevalence and treatment of menopausal symptoms
among breast cancer survivors. J Pain Symptom Manage. 2002
Jun;23(6):501-9. https://doi.org/10.1016/s0885-3924(02)00395-0.

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

Carpenter JS, Johnson D, Wagner L, Andrykowski M. Hot flashes
and related outcomes in breast cancer survivors and matched com-
parison women. Oncol Nurs Forum. 2002;29(3):E16-25. https://
doi.org/10.1188/02.0NF.E16-E25.

Kaplan M, Mahon S, Cope D, Keating E, Hill S, Jacobson M.
Putting evidence into practice: evidence-based interventions for
hot flashes resulting from cancer therapies. Clin J Oncol Nurs.
2011;15(2):149-57. https://doi.org/10.1188/11.CJON.149-157.
Baber R, Hickey M, Kwik M. Therapy for menopausal symptoms
during and after treatment for breast cancer : safety considera-
tions. Drug Saf. 2005;28(12):1085-100. https://doi.org/10.2165/
00002018-200528120-00004.

Dorsher PT. Acupuncture for hot flashes: combining traditional
and neurophysiologic considerations for effective treatment.
Med Acupunct. 2012;24(4):215-20. https://doi.org/10.1089/
acu.2012.0920.

Freedman RR. Physiology of hot flashes. Am J Hum Biol.
2001;13(4):453—-64. https://doi.org/10.1002/ajhb.1077.
Carpenter JS, Andrykowski MA, Cordova M, Cunningham L,
Studts J, McGrath P, Kenady D, Sloan D, Munn R. Hot flashes
in postmenopausal women treated for breast carcinoma: preva-
lence, severity, correlates, management, and relation to quality
of life. Cancer. 1998;82(9):1682-91.

Carpenter JS. State of the science: hot flashes and cancer. Part 1:
definition, scope, impact, physiology, and measurement. Oncol
Nurs Forum. 2005;32(5):959-68. https://doi.org/10.1188/05.
ONF.959-968.

. Cella D, Fallowfield LJ. Recognition and management of

treatment-related side effects for breast cancer patients receiv-
ing adjuvant endocrine therapy. Breast Cancer Res Treat.
2008;107(2):167-80. https://doi.org/10.1007/s10549-007-9548-1.
Chao LF, Zhang AL, Liu HE, Cheng MH, Lam HB, Lo SK. The
efficacy of acupoint stimulation for the management of therapy-
related adverse events in patients with breast cancer: a systematic
review. Breast Cancer Res Treat. 2009;118(2):255-67. https://doi.
org/10.1007/s10549-009-0533-8.

Hickey M, Saunders CM, Stuckey BG. Management of menopau-
sal symptoms in patients with breast cancer: an evidence-based
approach. Lancet Oncol. 2005;6(9):687-95. https://doi.org/10.
1016/S1470-2045(05)70316-8.

He W, Fang F, Varnum C, Eriksson M, Hall P, Czene K. Predictors
of discontinuation of adjuvant hormone therapy in patients with
breast cancer. J Clin Oncol. 2015;33(20):2262-9. https://doi.org/
10.1200/JC0O.2014.59.3673.

Carpenter JS, Bakoyannis G, Otte JL, Chen CX, Rand KL,
Woods N, Newton K, Joffe H, Manson JE, Freeman EW, Guthrie
KA. Validity, cut-points, and minimally important differences
for two hot flash-related daily interference scales. Menopause.
2017;24(8):877-85. https://doi.org/10.1097/GME.0000000000
000871.

Bener A, Alsulaiman R, Doodson LG, El Ayoubi HR. Comparison
of reliability and validity of the breast cancer Depression Anxiety
Stress Scales (DASS-21) with the Beck Depression Inventory-
(BDI-II) and Hospital Anxiety and Depression Scale (HADS).
Int J Behav Res Psychol. 2016;4(4):196-202.

Gloster AT, Rhoades HM, Novy D, Klotsche J, Senior A, Kunik
M, Wilson N, Stanley MA. Psychometric properties of the Depres-
sion Anxiety and Stress Scale-21 in older primary care patients. J
Affect Disord. 2008;110(3):248-59. https://doi.org/10.1016/j.jad.
2008.01.023.

Reeves KW, Pennell M, Foraker RE, Crandall CJ, Stefanick M,
Paskett ED. Predictors of vasomotor symptoms among breast can-
cer survivors. J Cancer Surviv. 2018;12(3):379-87. https://doi.
org/10.1007/s11764-018-0677-9.

Zhang MH, Man HT, Zhao XD, Dong N, Ma SL. Estrogen recep-
tor-positive breast cancer molecular signatures and therapeutic


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/cac2.12207
https://doi.org/10.1002/cac2.12207
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21171
https://doi.org/10.3322/caac.21171
https://doi.org/10.1016/s0885-3924(02)00395-0
https://doi.org/10.1188/02.ONF.E16-E25
https://doi.org/10.1188/02.ONF.E16-E25
https://doi.org/10.1188/11.CJON.149-157
https://doi.org/10.2165/00002018-200528120-00004
https://doi.org/10.2165/00002018-200528120-00004
https://doi.org/10.1089/acu.2012.0920
https://doi.org/10.1089/acu.2012.0920
https://doi.org/10.1002/ajhb.1077
https://doi.org/10.1188/05.ONF.959-968
https://doi.org/10.1188/05.ONF.959-968
https://doi.org/10.1007/s10549-007-9548-1
https://doi.org/10.1007/s10549-009-0533-8
https://doi.org/10.1007/s10549-009-0533-8
https://doi.org/10.1016/S1470-2045(05)70316-8
https://doi.org/10.1016/S1470-2045(05)70316-8
https://doi.org/10.1200/JCO.2014.59.3673
https://doi.org/10.1200/JCO.2014.59.3673
https://doi.org/10.1097/GME.0000000000000871
https://doi.org/10.1097/GME.0000000000000871
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1007/s11764-018-0677-9
https://doi.org/10.1007/s11764-018-0677-9

Journal of Cancer Survivorship

22.

23.

24.

25.

26.

potentials (Review). Biomed Rep. 2014;2(1):41-52. https://doi.
org/10.3892/br.2013.187.

Savard MH, Savard J, Quesnel C, Ivers H. The influence of breast
cancer treatment on the occurrence of hot flashes. J Pain Symptom
Manage. 2009;37(4):687-97. https://doi.org/10.1016/].jpainsym-
man.2008.04.010.

Dorjgochoo T, Gu K, Kallianpur A, Zheng Y, Zheng W, Chen
Z, Lu W, Shu XO. Menopausal symptoms among breast cancer
patients 6 months after diagnosis: a report from the Shanghai
Breast Cancer Survival Study. Menopause. 2009;16(6):1205-12.
https://doi.org/10.1097/gme.0b013e3 18 1aac32b.

Lorizio W, Wu AH, Beattie MS, Rugo H, Tchu S, Kerlikowske
K, Ziv E. Clinical and biomarker predictors of side effects from
tamoxifen. Breast Cancer Res Treat. 2012;132(3):1107-18.
https://doi.org/10.1007/s10549-011-1893-4.

Murthy V, Chamberlain RS. Menopausal symptoms in young
survivors of breast cancer: a growing problem without an ideal
solution. Cancer Control. 2012;19(4):317-29. https://doi.org/10.
1177/107327481201900408.

Farhud DD. Impact of lifestyle on health. Iran J Public Health.
2015;44(11):1442-4.

Authors and Affiliations

Susan Gallagher’

>4

- Alice Johnstone?

Deborah J. Marsh
Deborah.Marsh@uts.edu.au

Susan Gallagher
info @susangallagher.ie

Alice Johnstone
alice.johnstone @rmit.edu.au

Alysha De Livera
a.delivera@latrobe.edu.au

Sean Walsh
sean.walsh@westernsydney.edu.au

School of Life Sciences, Faculty of Science,
University of Technology Sydney, Ultimo, Sydney,
New South Wales 2007, Australia

School of Science, RMIT University, Melbourne, VIC,
Australia

217.

28.

29.

30.

31.

Sturdee DW. The menopausal hot flush--anything new? Maturitas.
2008;60(1):42-9. https://doi.org/10.1016/j.maturitas.2008.02.006.
Freeman EW, Sammel MD, Lin H, Gracia CR, Kapoor S, Ferdousi
T. The role of anxiety and hormonal changes in menopausal hot
flashes. Menopause. 2005;12(3):258-66. https://doi.org/10.1097/
01.gme.0000142440.49698.b7.

Hyde Riley E, Inui TS, Kleinman K, Connelly MT. Differential
association of modifiable health behaviors with hot flashes in
perimenopausal and postmenopausal women. J Gen Intern Med.
2004;19(7):740-6. https://doi.org/10.1007/s11606-004-0002-3.
Llaneza P, Garcia-Portilla MP, Llaneza-Suarez D, Armott B,
Pérez-Lopez FR. Depressive disorders and the menopause tran-
sition. Maturitas. 2012;71(2):120-30. https://doi.org/10.1016/j.
maturitas.2011.11.017.

Guimond AJ, Massicotte E, Savard MH, Charron-Drolet J, Ruel S,
Ivers H, Savard J. Is anxiety associated with hot flashes in women
with breast cancer? Menopause. 2015;22(8):864—71. https://doi.
org/10.1097/GME.0000000000000409.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Alysha De Livera®>*>

- Deborah J. Marsh'®® . Sean Walsh'78

Melbourne School of Population and Global Health, The
University of Melbourne, Parkville, VIC, Australia

Baker Heart and Diabetes Institute, Melbourne, VIC,
Australia

Department of Mathematics and Statistics, La Trobe
University, Melbourne, VIC, Australia

Translational Oncology Group, School of Life Sciences,
Faculty of Science, University of Technology Sydney,
Ultimo, NSW 2007, Australia

Chinese Medicine Centre, Western Sydney University,
Penrith, NSW 2751, Australia

School of Health Sciences, Western Sydney University,
Campbelltown, NSW 2560, Australia

@ Springer


https://doi.org/10.3892/br.2013.187
https://doi.org/10.3892/br.2013.187
https://doi.org/10.1016/j.jpainsymman.2008.04.010
https://doi.org/10.1016/j.jpainsymman.2008.04.010
https://doi.org/10.1097/gme.0b013e3181aac32b
https://doi.org/10.1007/s10549-011-1893-4
https://doi.org/10.1177/107327481201900408
https://doi.org/10.1177/107327481201900408
https://doi.org/10.1016/j.maturitas.2008.02.006
https://doi.org/10.1097/01.gme.0000142440.49698.b7
https://doi.org/10.1097/01.gme.0000142440.49698.b7
https://doi.org/10.1007/s11606-004-0002-3
https://doi.org/10.1016/j.maturitas.2011.11.017
https://doi.org/10.1016/j.maturitas.2011.11.017
https://doi.org/10.1097/GME.0000000000000409
https://doi.org/10.1097/GME.0000000000000409
https://orcid.org/0000-0001-9730-9044
https://orcid.org/0000-0003-0736-9751
https://orcid.org/0000-0003-4981-4155
https://orcid.org/0000-0001-5899-4931
https://orcid.org/0000-0002-7033-8547

	A survey of women diagnosed with breast cancer experiencing oncology treatment–induced hot flushes: identification of specific characteristics as predictors of hot flush occurrence, frequency, and severity
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Implications for Cancer Survivors 

	Introduction
	Methods
	Study design and inclusion criteria
	Survey instrument design
	Data analysis

	Results
	Cohort characteristics
	Lifestyle characteristics
	Instrument-reported outcomes: HFs and stress, anxiety, and depression
	Specific characteristics and relationship with HF occurrence
	Specific characteristics and relationship with HF frequency and severity

	Discussion
	Conclusion
	Acknowledgements 
	References


