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Abstract
There is widespread recognition among both patients and caregivers that breast cancer patients
often experience debilitating deficiencies in their ability to achieve thermal comfort, feeling
excessively hot or cold under circumstances when others are comfortable. However, this symptom
receives little clinical or scientific attention beyond identification and testing of drugs that
minimise menopausal-like symptoms. Could some of these symptoms represent an important
prognostic signal? Could thermal discomfort be among other cytokine-driven sickness behaviour
symptoms seen in many breast cancer patients? While the literature reveals a strong link between
treatment for breast cancer and some menopausal vasomotor symptoms (e.g. hot flashes also
known as “hot flushes”), there is little data on quantitative assessment of severity of different types
of symptoms and their possible prognostic potential. However, recent, intriguing studies indicating
a correlation between the presence of hot flashes and reduced development of breast cancer
recurrence strongly suggests that more study on this topic is needed. In comparison to reports on
the phenomenon of breast cancer-associated hot flashes, there is essentially no scientific study on
the large number of women who report feeling excessively cold after breast cancer treatment.
Since similar acquired thermal discomfort symptoms can occur in patients with cancers other than
breast cancer, there may be as yet unidentified cancer – or treatment-driven factor related to
temperature dysregulation. In general, there is surprisingly little information on the physiological
relationship between body temperature regulation, vasomotor symptoms, and cancer growth and
progression. The goal of this article is twofold: (1) to review the scientific literature egarding
acquired deficits inthermoregulation among breast cancer survivors and (2) to propose some
speculative ideas regarding the possible basis for thermal discomfort among some of these
women. Specifically, we suggest a potential association with excessive proinflammatory cytokine
activity, similar to other cytokine-driven symptoms experienced after breast cancer, including
fatigue and depression. We highlight the similarity of some breast cancer-associated thermal
discomfort symptoms to those which occur during fever, suggesting the possibility that there may
be common underlying changes in pro-inflammatory cytokine activity in both conditions. We
anticipate that this contribution will stimulate additional scientific interest among researchers in
identifying potential mechanisms and prognostic significance of this under-studied aspect of breast
cancer biology and survivorship.
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Introduction
This article was prepared to familiarise cancer researchers and thermal medicine specialists
with the fact that a large percentage of patients report the onset of a significant degree of
acquired thermal discomfort symptoms after cancer. While patients with various types of
cancer report this symptom, breast cancer far outweighs the other cancers in terms of reports
of thermal discomfort symptoms. Breast cancer patients frequently feel excessively hot and/
or cold under ambient temperature conditions in which others are able to adjust easily to
achieve thermal comfort. Some patients report feeling quite cold for long periods of time. As
judged from the large anecdotal information available regarding this problem on various
breast cancer websites (see below) this problem can create significant quality of life
problems which may be largely underappreciated by caregivers, who in general, may simply
attribute these symptoms to annoying menopausal symptoms induced by treatment.
However, whether all symptoms of thermal discomfort in breast cancer patients are actually
a result of treatment-induced menopause is not clear. For example, as discussed in more
detail below, it is already known that there are important differences in some menopausal
symptoms in women with breast cancer compared to those experienced in normal women
[1]. Further, recent studies indicate that the presence of hot flashes is an independent
predictor of reduced recurrence of breast cancer [2,3]. What is the relationship between body
temperature regulation, thermal discomfort symptoms, and breast cancer recurrence? While
there is as yet little information on this topic, it may be important to note that recent data
from the field of cardiovascular disease research [4-6] suggests that menopausal vasomotor
symptoms may be an independent risk factor associated with adverse cardiovascular risk
profile. These data raise new concerns about whether vasomotor symptoms may be
associated with systemic vascular dysfunction beyond the peripheral vascular changes
associated with hot flashes and strongly suggests that these symptoms should be regarded as
more than simply a nuisance [4].

The ability to achieve thermal comfort, feeling neither too hot nor too cold under different
ambient temperatures, is normally controlled by conscious and unconscious mechanisms
regulated by a homeostatic process known as thermoregulation. There appear to be two
major types of breast cancer-related defects in thermoregulation: (1) excessive, rapid
overheating, similar to that which occurs with the vasomotor symptoms associated with
menopause (i.e. ‘hot flashes’) and (2) excessive, persistent chills. However, many women
report the occurrence of both symptoms and studies to identify whether there are different,
identifiable patterns of thermal discomfort after breast cancer have not been conducted.

Most attention in this field has been devoted to development and testing of drugs which may
alleviate menopausal vasomotor symptoms including hot flashes and sweating [7], generally
concluded to be side effects of treatment with hormone therapies [8]. In comparison to
studies on hot flashes, (and identification of treatments to alleviate them) almost no attention
has been given to understanding symptoms of feeling inappropriately and persistently cold,
which to date have only been reported anecdotally and have not been scientifically
researched (see comparison of publications in Figure 1). Whether there are actual changes in
body temperature with either symptom is not known. Further, neither symptom has been
studied carefully in regards to possible associations with specific types of treatment and
even in the case of treatment-associated hot flashes, the actual similarity to true menopause
is not clear. Indeed, little attention has been devoted to quantifying the severity of these
symptoms or determining whether they may arise from similar or different underlying
mechanisms. Although there seems to be a general tendency by caregivers to lump together
symptoms of thermal discomfort into simply being annoying menopause-like side effects of
various breast cancer treatments, it is clear that the actual basis of thermal discomfort after
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breast cancer may be much more complex. Much of the discussion related to thermal
discomfort among breast cancer patients is currently limited to anecdotal sources, including
internet support groups and personal communications. Indeed, a web search of the terms
‘feeling cold’ and ‘breast cancer’ yields a remarkably large number of sites in which this
symptom is vigorously discussed among patients and caregivers. From these anecdotal
sources it appears that following breast cancer diagnosis and treatment many individuals
have had problems regulating their body temperature. These complaints are manifested not
only by the expected complaints of hot flashes but also, and perhaps more interestingly, in
complaints of feeling persistently colder than others in the same ambient temperature.
Websites such as Cancer Survivors Network, American Cancer Society®, and Cancer
Compass® (as accessed during January - March 2010) show that people who have various
cancers including breast, lung, and prostate experience long term, uncomfortable chills on a
regular basis. Because these symptoms have not been researched yet, it will be important to
first scientifically document and characterize this subset of patients who feel persistently
cold and then determine whether these symptoms have any prognostic significance. Whether
body temperature is actually lowered is not known. Given the increase in interest on the
effects of mild hyperthermia on the immune system [9,10], and its involvement in the
positive outcome of many clinical trials utilising hyperthermia as an adjunct to radiation
and/or chemotherapy for cancer [11-13], it is especially important to understand whether
body temperature defects negatively influence the generation of anti-tumour immunity.
Before questions like this can be addressed however, the next step must be to study the
underlying etiological mechanisms for cancer- and/or treatment-induced alterations in
thermoregulation, which lead to these symptoms.

In this article we summarise some of the published and anecdotal data related to thermal
discomfort after breast cancer for those interested in learning more about this phenomenon
(see Table I) and also, we propose possible connections between thermal discomfort
symptoms and certain sickness behavior symptoms commonly experienced by breast cancer
patients, such as fatigue and depression. Since several of the same pro-inflammatory
cytokines thought to be involved in sickness behaviour symptoms are also known to drive
fever, a condition in which patients usually have heightened immune system activity and
feel intermittent episodes of excessive heat and may also ‘feel’ cold despite rising body
temperature, we hypothesise that there may be as yet unknown links between symptoms of
thermal discomfort and abnormal pro-inflammatory cytokine activity. If this association is
demonstrated in breast cancer patients, this research could suggest new avenues for the use
of thermal therapies designed to modulate inflammatory cytokine production, as well as
improve at least some of the debilitating symptoms of thermal discomfort in breast cancer
patients.

Thermoregulation
Homeostatic mechanisms underlying maintenance of thermal comfort

Thermoregulation is the homeostatic process through which individuals respond to
temperature cues from either their external or internal environment. When individuals
experience significant and persistent inability to achieve thermal comfort through simple
conscious changes in clothing or ambient temperature, or through unconscious events, such
as changes in blood flow patterns, this may signal the onset of a defect in the individual's
ability to optimally control its body temperature. A core/brain temperature of 37C is
classically viewed as the temperature at which the body will operate most efficiently [14],
with some studies showing that the optimal body temperature for humans may be slightly
lower, at 36.8C [15]. Moreover, it is important to note that internal temperatures of different
parts of the body are not homogenous; temperatures in the extremities are normally much
lower than those in the core [16]. This is particularly true for larger mammals, such as
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humans, which are homeothermic and are able to sustain their core temperature through a
wide range of ambient temperatures, except those at the extreme. In endotherms, heat is
generated in the body through various exothermic reactions including the combustion of
sugars and contraction of muscles. Core body temperature and the cooler temperature of the
skin and extremities are then maintained primarily through the circulatory and autonomic
nervous systems as well as conscious stimuli that prompt changes in clothing or room
temperature [17].

‘Thermoneutral’ temperature is the ambient temperature at which an individual feels
comfortable with minimal clothing. Any environmental change that occurs to change the
external temperature below this point of thermal equilibrium causes an immediate response
from the body [18]. In this situation, both heat production and conservation of heat become
the body's priorities. To conserve heat, the body will employ mechanistic behaviours
involving vasoconstriction and counter-current heat exchange. Blood vessels are constricted,
blood flow to the skin and organs is limited, and skin temperature declines. This leads to a
decreased temperature gradient between the skin and the ambient environment, and results
in a reduction in heat loss from the body as well as raised blood pressure and increased heart
rate [19].

Thermoregulation depends upon many neurological signals that influence bodily changes in
order to control body temperature. Body heat is primarily produced by deep organs and by
contraction of skeletal muscles, with most heat being dispersed on the surface of the skin
[20]. Because many factors can induce a change in body temperature, such as ambient
temperature [21], food consumption [22], and exercise [23,24], it is essential to have a stable
and reliable homeostatic mechanism to respond to these events. Thermoregulation is highly
dependent upon conscious and unconscious neural signals controlled by the preoptic/anterior
hypothalamus (PO/AH) [25,26]. Information regarding core and skin temperatures is
conveyed to the PO/AH, which directs an appropriate effecter response [26,27]. In hot
conditions, the hypothalamus signals blood vessels to expand (vasodilation), which brings
more heat and blood to the skin and allows loss of excess heat through convection and
conduction [28]. In contrast, under cold conditions when body temperature drops, the
hypothalamus signals blood vessels to constrict (vasoconstriction), which reroutes blood
away from the skin and towards the warmer core [28]. The hypothalamus also signals
muscles to contract, causing shivering, which increases heat production and raises body
temperature [28].

Energy costs of thermoregulation
Given the extent of the behavioural and neurovascular homeostatic processes involved in
endothermic thermoregulation, maintaining thermal comfort is energetically costly [29]. A
major feature of the metabolism of endotherms is the maintenance of higher internal body
temperatures compared to their surroundings, a process that requires a large amount of
energy to support [30]. Energy balance (see Figure 2) encompasses the biological
homeostatic processes by which the body takes in and expends energy, and is explained by
the following equation:

In the above equation, energy intake accounts for food energy consumed [31,32], and the
sum of the energy used to maintain basal metabolic levels, produce internal heat, and
perform physical activity/exercise [31]. Energy output differs between individuals [31,33]
and is dependent on several variables including body weight, exercise, and genetic makeup
[34]. The majority of one's energy output is accounted for by basal metabolism or resting
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metabolic rate (RMR) which is made up of a series of biological processes required by
humans [35]. RMR includes homeothermy, the ability to sustain a constant core temperature
despite changing external temperatures, and maintenance of cellular integrity [31]. The
remainder of one's energy output is comprised of physical exercise, including all voluntary
and involuntary movement, and thermogenesis, the dissipation of energy in the form of heat
in response to processing recently consumed foods or facing an extremely cold environment
[35-39]. Therefore, when the body is exposed to cold, additional energy has to be generated
to maintain core temperatures.

As one's energy must remain balanced, there are biological consequences to changes in the
energy usage of an individual (see Figure 2). If energy intake, in the form of food, exceeds
the amount of energy expended, an individual will likely gain weight as the excess energy
will be stored, primarily as fat [31]. Conversely, if one requires more energy than is taken in
nutritionally, the body will utilise stored energy sources, and in order to sustain biological
functionality, the individual must replenish its energy supply quickly by eating [40]. In those
with chronic conditions such as breast cancer, there may be additional strain on the system,
especially after treatments such as chemotherapy and radiation. Could this be the basis for
alteration of the normal energy available for thermoregulation creating defects in normal
temperature regulation in some women after breast cancer treatment? More study is needed
to answer this question.

Effects of aging on thermoregulation
Several studies have looked at differences in thermoregulation between different aged
populations and have found an inverse correlation between age and efficiency in
temperature regulation. Elderly people tend to have lower body temperatures compared to
those in younger age groups [41-43] and core body temperature has been shown to decrease
with age [44,45]. An early study, reported in 1971, found a sample of 40 elderly women to
have a mean body temperature of 36.2°C with 14 (35%) women having body temperatures
below 36°C compared to a mean temperature of 36.7°C measured in a group of college-aged
students [44]. The mechanisms leading to declining body temperatures in aging populations
are unclear, but include clinical and environmental influences such as nutrition and
medication [45]. Interestingly, body temperature in elderly individuals with various
morbidities are significantly lower compared to body temperature in young adults, while
temperatures among healthy elderly individuals remain similar to their younger counterparts
[46]. This observation could present interesting ramifications in cancer research as cancer
patients (putatively unhealthy) may be more prone to additional thermal regulatory issues
not seen in other age-matched populations.

In addition, the elderly respond to cold stress differently from younger individuals. Several
studies report that the elderly are less efficient at maintaining core body temperature under
cold stress [45,47,48], which appears to be mediated by an impaired ability to undergo
vasoconstriction [49,50]. Heat stress, however, does not seem to pose as much of a problem
among older adults, and has not been shown to correlate to warmer body temperatures
[51,52]. In addition, older individuals have a lower RMR than younger individuals, which
may indicate metabolic deterioration and alter overall energy balance [53]. Several factors
including sodiumpotassium pump activity, fat mass, maximal aerobic power, and
menopausal status are important factors influencing the decline of RMR in the elderly [54].

Effects of thyroid hormones on thermoregulation
The thyroid gland may be another target of investigation for a better understanding of
temperature dysfunction in breast cancer patients. Thyroid hormones are responsible for the
increased heat production normally required for humans to maintain body temperature above
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that of the environment [55]. Also, a direct association between breast cancer and enlarged
thyroid glands has been shown. Both an increased mean thyroid volume and larger
percentages of individuals with enlarged thyroid glands were shown to be significantly
greater in women with breast cancer than age-matched controls [56]. Clearly, further
investigation of the effects of breast cancer treatments on the thyroid gland and production
of thyroid hormones, and on whether these effects are present in the same patients with
defective thermoregulation, are needed. If an association is revealed, it may stimulate new
research on identification of new thyroid-related targets through which thermal discomfort
may be alleviated.

Feeling too hot: Menopausal vasomotor symptoms of overheating/sweating
among cancer patients
Hot flashes and the role of sex hormones

A very common thermoregulatory alteration is the experience of hot flashes, which are
characterised by sudden episodes of flushing and/or sweating and a sensation of heat, often
preceded or followed by chills [57-59]. These sensations are a normal occurrence in about
75% of healthy menopausal women [60]. In healthy women, hot flashes follow a circadian
rhythm similar to that of their core body temperature, with hot flash frequency and intensity
increasing when core body temperature is at its apex [61,62]. However, as will be detailed
later, the correlation between core body temperature and the circadian patterns of hot flashes
is disrupted in cancer patients [63]. Studies have found that women susceptible to hot flashes
show a reduction in their ‘thermoregulatory null zone’, which is the temperature range
between sweating and the onset of shivering [64-66]. Among symptomatic women with
reduced thermoregulatory null zones, changes in core body temperatures are more
detectable, which induces changes in hormones and/or neurotransmitters that lead to a hot
flash [63,66].

Menopause, either natural or therapeutically induced, is considered to be a key instigator for
temperature dysregulation. As shown in Figure 3, female reproductive hormones, estrogen
and/or progesterone, affect the mechanisms regulating blood flow to the skin [67-70], and
hot flashes have been found to be influenced by the diameter of blood vessels that deliver
blood to the skin and the volume of blood in these vessels [26]. Estrogen promotes
vasodilation and therefore reductions in estrogen Thermoregulation defects after cancer
occurring during menopause restrict the body's ability to efficiently dissipate heat [26].
Estrogen therapy has been shown to alleviate some of these symptoms by decreasing body
temperature and lowering the temperature at which vasodilation is initiated [68,69].
Conversely, progesterone has been suggested as an inhibitor of vasodilation [71]. Studies
have found that estrogen replacement therapies reduce the incidence of hot flashes when
combined with a progestin, which mimics progesterone, although the effect is not additive
[72]. Although decreased estrogen levels are implicated as a major factor in
thermoregulatory control, few studies have been conducted to determine the precise
physiological mechanism(s) by which estrogen controls thermoregulation. Moreover,
estrogen deprivation alone is not a sufficient cause of hot flashes as estrogen levels do not
differ between symptomatic and asymptomatic postmenopausal women [60,73-75], and
frequency and severity of hot flashes have not been correlated to plasma [60,76], urinary
[60,77], or vaginal [60,77] estrogen measurements. Thus, other mechanisms are likely to be
involved in the etiology of hot flashes [78].

Menopausal symptoms among breast cancer patients
Although most women experience hot flashes as they age and become menopausal, women
with a history of breast cancer appear to have more severe symptoms [63,79,80]. Sudden
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onset of treatment-induced menopausal symptoms among breast cancer patients are
common, with these individuals being over five times more likely to report hot flashes than
those with no history of breast cancer [81]. Hot flashes have been postulated to be an
independent predictor of tamoxifen efficacy among breast cancer patients, and data from the
Women's Healthy Eating and Living (WHEL) randomised trial of 1,551 women found that
women who reported hot flashes among those taking tamoxifen were less likely to develop
recurrent breast cancer than those who did not report hot flashes [2]. Similarly in the
Arimidex, Tamoxifen Alone or in Combination (ATAC) trial, the appearance of new
vasomotor symptoms or joint symptoms in response to estrogen depletion was associated
with lower subsequent recurrence compared to women who not report these symptoms [3].
Despite being a possible predictor of better disease prognosis menopausal symptoms lead to
declines in quality of life among breast cancer patients by interfering with daily activities,
sleep patterns, and self esteem [58,82]. Because of the prominence of these symptoms
following hormone suppression treatments, it is important to understand the causal
mechanism for these symptoms in order to develop alleviation treatments without affecting
the prognosis or efficacy of breast cancer treatments prescribed. Subsequent improvements
in quality of life would be expected to promote treatment adherence, particularly with
respect to long-term use of anti-estrogens, and would be expected to optimise disease
prognosis.

Hormone suppression medications commonly used in breast cancer treatment regimens
include use of selective estrogen replacement modulators (SERMs) and aromatase inhibitors
(AIs) [83-86]. Chemotherapeutic drugs also contribute to the high degree of thermal
dysfunction in breast cancer patients because of their negative impact on ovarian function
often causing premature and unnatural menopause due to rapid declines in estrogen levels
[63,80,87] (see Figure 3).

In addition to hormone-mediated effects, hot flashes among breast cancer patients appear to
be potentially influenced by a number of other factors. For instance, recent studies show that
serum interleukin-8 (IL-8) oncentrations in women who report hot flashes are significantly
higher compared to women who do not experience hot flashes [88]. Given that IL-8, a pro-
inflammatory cytokine involved in immune function, has been associated with breast cancer
invasiveness and angiogenesis [89], understanding the biological relationship between
thermoregulation and immune function, if any, may be important for disease prognosis (see
below).

The pathophysiology of breast cancer itself may also make breast cancer patients more
susceptible to hot flashes. Breast cancer can disrupt circadian rhythms, thereby altering the
release of reproductive hormones [90], and altering circadian control of body temperature
[62,63]. The thermoregulatory null zone sets the bounds within which core body
temperature is regulated in humans [64-66]. When the thermoregulatory null zone is reduced
in women experiencing a hot flash, increases in core body temperatures are more detectable
by the individual and therefore induce additional discomfort [63,66]. It is important to note
that hot flashes do not result from an increased heating of blood, but instead from signals
sent to the hypothalamus resulting in the release of large amounts of blood into regions that
are normally set to remain cooler, such as the skin [26]. Whether these physiological factors
are involved in reducing risk of breast cancer recurrence in patients who experience hot
flashes (as in the case reported by the WHEL and ATAC trials described above) is not
known.

Treatments used to alleviate hot flashes among breast cancer patients
Although a great deal of current scientific literature has already been dedicated to studying
patients who feel too hot after cancer treatment (see Table I), many questions remain.
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Understanding the mechanisms targeted by drugs used to alleviate hot flash symptoms may
help researchers gain insight into why hot flashes and other thermal regulatory issues arise
in patients following cancer. Most hot flash treatments work by mimicking or supplementing
estrogen allowing for increased vasodilation and heat to be efficiently dissipated from the
body. The use of estrogen supplements to reduce hot flash symptoms has been shown to be
effective, but comes with increased risk of heart disease and breast cancer. Therefore, these
supplements are generally used only as a last resort in healthy women [91] and not
recommended for breast cancer patients, particularly those with estrogen receptor positive
disease [92]. Non-hormonal treatment for hot flashes is currently an active research area in
both healthy women and women with breast cancer. This topic has been recently reviewed
by a number of authors and is summarised in Figure 3 [70,78,93,94].

Selective serotonin reuptake inhibitors (SSRIs) such as sertraline are generally prescribed as
antidepressants, but have been shown to reduce hot flash symptoms in users. SSRIs have
been shown to reduce hot flashes in the general population [95,96] as well as in breast
[97-99] and prostate [100] cancer patients. Encouragingly, sertraline is safe in combination
with tamoxifen and the combination of these drugs results in fewer and less severe hot
flashes [97]. However, the effects of these drugs are not consistent between individuals.
Unfortunately, no obvious factor such as age or health has been identified to determine the
strength of an individual's response to SSRI treatment on hot flash occurrence [95]. Black
cohosh, a plant extract that acts on serotonin by an uncertain mechanism [101], however, has
not been found to decrease the frequency or intensity of hot flash [102].

Venlafaxine is another antidepressant used to alleviate hot flashes in breast cancer patients
[103,104]. Venlafaxine differs from sertraline because it is a serotonin-norepinephrine
reuptake inhibitor (SNRI), which in addition to acting on serotonin also acts on
norepinephrine, although its efficacy in relieving hot flashes is lower than that associated
with medroxyprogesterone acetate (MPA), a progestin [105]. Additional alternative
therapies are being investigated to alleviate hot flash symptoms. Clonidine, a drug used to
treat high blood pressure, has been found safe to use in conjunction with tamoxifen and is
capable of reducing hot flashes resulting from breast cancer treatment [106]. The effects of
isoflavones, such as soya and clover, are inconsistent in the current literature. Soya works as
a phytoestrogen in humans as it binds to estrogen receptors and has been shown in some
studies to reduce hot flash symptoms [107-109] while others report no significant
differences between soya and placebo [110,111] and red clover and placebo [112]. Magnetic
therapy has been found to be unsuccessful in hot flash treatment [58].

Occurrence of hot flashes in cancer populations other than breast cancer
While the phenomenon of hot flashes is most widely reported among breast cancer patients,
hot flashes are also reported for other cancer sites, especially those in which hormone
suppression treatments are common (Table I). Men with prostate cancer who undergo
chemical or surgical castration to lower sex hormone levels have a high frequency of hot
flashes following treatment [113,114]. Alleviation of hot flashes in these patients has been
achieved with low doses of megestrol acetate [86,114]. Another common treatment for
prostate cancer is the use of gonadotropin-releasing hormone agonist goserelin, which
reduces the secretion of testosterone by reducing gonadotropin secretion and inducing
hypogonadism. Goserelin is used as an adjuvant in combination with irradiation. The
combination of these treatments will improve control and survival in prostate cancer patients
but up to 62% of patients receiving this treatment report hot flashes [113]. Anti-depressants
have been shown to help relieve hot flashes in male patients recovering from prostate cancer
[59] similarly as in women with breast cancer. It is possible that anti-depressants relieve hot
flashes in prostate cancer patients due to a stabilising effect on the autonomic nervous
system [100]. In addition, hot flashes have been reported among ovarian cancer patients
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treated with leuprolide acetate, a gonadotropin releasing hormone agonist [115-117], which
lowers estrogen levels.

Feeling too cold: Symptoms of persistent chill among breast cancer
patients
Evidence for symptoms of cold stress among breast cancer patients

Much less recognised in the scientific community is the possibility that a subset of cancer
patients report experiencing symptoms of being persistently and inappropriately cold after
cancer diagnosis and treatment. To date, this symptom has primarily been reported
anecdotally, particularly among women participating in breast cancer support groups.
Interestingly, one report on the economics of hidden costs associated with breast cancer
mentions the increased need for extra ‘heating, bedding, clothing, electric blanket, heater,
thermal underwear, baths, towels and high calorie foods’ identified by women as needed to
deal with excessive coldness [118]. This symptom is frequently clustered together clinically
and scientifically with reports of hot flashes and attributed to menopause or hormone
suppression therapy. However, we propose that the symptom of feeling too cold should not
be ascribed to menopausal symptoms because this may overlook the importance of different
thermoregulatory symptoms that may occur among cancer patients.

Much of the clinical and scientific evidence indicating that some cancer patients might
experience cold stress after cancer diagnosis either comes from case reports or indirectly
from studies that were focused on some other primary hypotheses. As a result, this symptom
has not been explored rigorously. On careful examination however, findings from some
studies do indicate that symptoms related to cold stress might be part of a distinct
pathological mechanism that is separate from menopausal and hormone-related causes. For
example, a study that used factor analysis to validate a survey measuring pain among 100
early stage organ non-specific cancer outpatients receiving chemotherapy (38 men, 62
women) identified feeling numb and being cold as important clusters loading onto a distinct
factor [119]. Another study reviewing cancer-related fatigue indicated that changes in body
processes, including feeling cold, occurred only in fatigued or exhausted patients [120].
Chemotherapy has also been linked to feeling cold; a study of 40 women receiving
chemotherapy reported that 14% of women receiving six cycles of cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF) experienced ‘feeling cold in the chest and arm’
following their therapy [121]. In addition to breast cancer, feeling cold has been associated
with testicular cancer, lasting several years following treatment [122]. A study of 277
testicular cancer survivors and 392 non-cancer controls showed that the cases felt
significantly colder when compared to controls [122].

Some recent studies may shine further light on molecular pathways that may be involved in
the manifestation of symptoms of cold stress. Endothelin-1 (ET-1) can alter temperature
detection thresholds among cancer patients. ET-1 acts as a growth factor in various
malignancies [123], is overexpressed in breast carcinomas, and has been linked to poorer
disease prognosis [124]. In a randomized study, Hans et al. [125] examined the effect of
ET-1 injection, a known vasoconstrictor, on spontaneous pain and temperature perception in
healthy male volunteers. They found that high doses of ET-1 altered both cold and heat
detection thresholds. The cold thresholds were significantly increased by a 10−10M dose of
ET-1 after 60 min (p<0.05) whereas all doses above 10−6M elicited a significant dose-
dependent increase in heat detection threshold (p<0.05) [125]. They concluded that the
observed changes in heat detection developed sooner, lasted longer and were more
pronounced than the changes observed in cold detection [125]. These finding raise the
possibility that ET-1 may alter temperature preferences. Since ET-1 expression has also
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been observed in breast cancer tissue, it warrants further investigation into the
epidemiological and clinical factors that contribute to altered ET-1 concentrations and their
influence on temperature regulation and disease prognosis in this group.

In future studies aimed at characterising this thermal symptom and elucidating its clinical
significance, several questions should be posed. What proportion of breast cancer patients
have symptoms of being persistently chilled? What is the frequency and severity of these
symptoms? What degree of distress and interference in activities of daily living and timing
do these symptoms have? When do breast cancer patients experience these symptoms with
respect to disease diagnosis and treatment? How long do these symptoms persist after
treatment? What are the perceived reasons for their experience and what are the treatments
patients have tried to cope with these symptoms? Also important is determining whether
there is an accompanying change in body temperature and whether changes in body
temperature or symptoms of feeling persistently cold are related to disease course and/or
treatment efficacy. If it is found, through observational epidemiological studies, that an
actual increase in body temperature occurs, is it possible that breast cancer patients develop
deficiencies in their ability to perceive thermal comfort. Conversely, if a decline in body
temperature is observed, is it possible that this is a physiological response to toxic breast
cancer treatments, similar to that seen in animal models in response to harmful exposures.
Several of these possibilities are discussed below.

Evidence for hypothermia among animal models
While scientific study examining cold stress in clinical populations and its significance is in
its infancy (see Figure 1), there is a growing body of evidence in animal models indicating
that hypothermia, induced by immune mediators, occurs in response to harmful
environmental exposures. Murine models have shown evidence that body temperatures may
drop in response to various exposures, such as bacterial lipopolysaccharide (LPS) [18,126].
Additionally, studies in various animal models report decreased core body temperature in
response to adverse events such as food restriction [127], hypoglycaemia [128,129], hypoxia
[130,131], dehydration [132], and infection [133-136]. These studies suggest that declines in
body temperature could be a possible mechanism for defending the body against harmful
exposures. This idea is further supported by studies showing that exposure to nickel or
cadmium metal decreases metabolic rates in mice making them hypothermic [137]. The
decrease in temperature helps the body fight toxins in two ways: first by attenuating the
toxicity of the chemical by reducing its conversion into an active intermediate, and second,
by decreasing the rate of respiration and further uptake of toxin [18]. It is possible that
chemotherapy may be perceived as a toxin and therefore result in declining body
temperature among breast cancer patients as they undergo and complete breast cancer
treatment. A second possibility regarding feelings of excessive chill may relate to symptoms
which occur during fever, in which an individual can feel quite cold, despite normal or even
elevated body temperatures. This provocative possibility is discussed below.

Potential link between thermoregulation, pro-inflammatory cytokines, and
immune function
Pro-inflammatory cytokines and sickness behavior symptoms in breast cancer patients

Chemotherapy treatment in breast cancer patients promotes increases in plasma levels of
proinflammatory cytokines [156,157]. Additionally patients unresponsive to chemotherapy
have significantly higher IL-6 levels than responsive patients [158]. Elevated cytokine
levels, including IL-1, IL-6, IL-8, and IL-18 have been correlated with disease stage and
progression of cancer [159,160]. These cytokines have been etiologically implicated in a
number of sickness behaviours experienced by breast cancer patients, including fatigue
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[161-163], sleep disturbance [162], depressed mood [164], and loss of appetite [165]. While
symptom severity often declines with time, some symptoms remain for years after the initial
cancer diagnosis [161], possibly indicating a long-term effect of pro-inflammatory cytokines
on disease-related symptoms as well as outcomes. These symptoms have been well studied,
and found to be related to increased cytokine levels of IL-1, tumour necrosis factor-alpha
(TNF-α), and/or IL-6 [156,166]. As shown in Figure 4, increased levels of TNF- α and IL-6
are correlated with decreased red blood cell production, higher levels of albumin, weight
loss, anaemia, and fatigue [166]. In addition, TNF-α and IL-6 have various metabolic
actions including increased adipocyte production and gluconeogenesis [167].

The pathway through which these cytokine mediators act may also promote cancer growth
[167] (see Figure 4) and this is an important research area which has received much recent
attention. For instance, TNF- α and IL-6 promote up-regulation of growth hormone
receptors in the liver which stimulate gluconeogenesis and insulin-like growth factor 1
(IGF-1) production [168]. Overproduction of IGF-1 promotes cancer growth by induction of
anti-apoptotic events [169]. TNF- α activates nuclear factor kappa-light-chain-enhancer of
activated B cells (NFκ-B) that increases levels of reactive oxygen species (ROS) [170]. ROS
might induce DNA damages such as deletions, frame shifts, and rearrangements leading to
tumour progression [171]. Visceral fat accumulation is associated with increased production
of vascular endothelial growth factor (VEGF), that aids in cell proliferation and migration
[172]. Finally, increased adipocyte production initiates various processes that ultimately
promote tumour growth. Leptin, a hormone that plays roles in various biological pathways,
is produced redominantly by adipose tissue. In humans, plasma levels of leptin correlate
with total body fat, with high concentrations present in obese women [173]. Leptin promotes
cancer growth through angiogenesis via increased levels of metalloproteinase in various
cancer sites including the prostate, colon, endometrium, and breast [174].

Importantly, we are intrigued by the fact that the same pro-inflammatory cytokines
implicated in supporting cancer growth are known to play a critical role in the generation of
fever, a condition in which patients also report feelings of thermal discomfort (e.g. feeling
intermittently excessively chilled or overheated). Thus, as outlined further below, we
speculate that elevated levels of pro-inflammatory cytokines in breast cancer patients may
also be linked to at least some symptoms of thermal dysregulation.

Fever – a natural mechanism that can create feelings of excessive chills and overheating
Fever is defined as 'a state of elevated core temperature, which is often, but not necessarily,
part of the defensive response of multicellular organisms (host) to the invasion of live
microorganisms or inanimate matter recognised as pathogenic or alien by the host [175].
Pyrogenic cytokines are produced by phagocytic cells as part of the innate immune system
and these signalling molecules cause an increase in the thermoregulatory set-point in the
hypothalamus thereby creating a febrile response [176]. Several pro-inflammatory cytokines
are critical in generating the hyperthermic condition of fever (see Figure 4), and also in the
regulation of the immune responses. Normally secreted in small amounts, pyrogenic
cytokines including IL-1, IL-6, and TNF-α, are able to mediate fever caused by infection,
with cancer patients often secreting abnormally large amounts [166]. These circulating
cytokines are thought to affect centres of thermoregulation in the hypothalamus by inducing
expression of cyclooxygenase 2 (COX-2), which leads to increased production of
prostaglandins [177]. Specifically, increased concentration of prostaglandin E2 (PGE2) is
thought to affect thermoregulatory neurons and lead to a rise in core body temperature [15].
PGE2 plays a predominant role in the inflammatory response and modulates a variety of
immune responses, including cytokine production.
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Studies dealing with fever are often difficult to compare, because of differing opinions as to
what constitutes normal body temperature [15]. Furthermore, various demographic
characteristics, such as age, sex, and weight, as well as experimental variables including
time of day, may affect temperature readings. Importantly, when an individual has a fever,
and even before febrile temperatures are recorded, he/she will often report feeling cold
[178,179] rather than feeling hot, and will exhibit heat-seeking behaviour. After the new set
point in body temperature is reached, the same individual may experience the sensation of
overheating and may even notice extensive sweating. We speculate that some of the same
heat-seeking behaviour that accompanies a fever-generated feeling of cold could be involved
in patients who report excessive and persistent chills after breast cancer. Generation of a
fever-like state could also help to explain intermittent feelings of being too cold and too hot
in some breast cancer patients. If this relationship between cytokine production and thermal
discomfort is found in breast cancer patients, it could indicate previously unrecognized
relationships between the mechanisms underlying thermoregulation and thermal comfort,
and cytokine driven signals from the immune system. Furthermore, it would strongly
support the need for further study devoted to particular thermal discomfort symptoms since
these symptoms may provide important prognostic information.

The relationship between thermoregulation and immune response
Current evidence suggests that inflammation and immune function play a significant role in
thermoregulation. Further, there is growing evidence that use of mild hyperthermia as part of
cancer therapy may positively influence the anti-tumour immune system [11]. Systemic
inflammation is associated with both fever and hypothermia [180]. Fever occurs as a
response to mild systemic inflammation, which is mediated by COX-2, whereas, severe
inflammation results in hypothermia and appears to be mediated by COX-1, but not COX-2
[181]. In rat models of systemic inflammation induced by bacterial LPS, core body
temperature changes appear to depend upon the ambient temperature and the LPS dose
[182]. At neutral or slightly warm temperatures, fever is the common response and is
monophasic when the dose of LPS is low, but is polyphasic when the dose is high [180]. In
contrast, at cooler ambient temperatures, hypothermia followed by fever is the predominant
response, with the magnitude of the hypothermia increasing with the LPS dose [183,184]. A
number of studies have shown that animals respond to LPS with warmthseeking behaviour
and fever, although at high LPS doses, emulating systemic inflammation, animals will first
demonstrate cold-seeking behaviour and hypothermia followed by warmth-seeking behavior
and fever [185].

Romanovsky et al. and others have suggested that while fever may be beneficial because of
its immunostimulant and antimicrobial effects, these benefits may be offset by the high
energetic cost associated with maintaining a high body temperature [133]. As a result, it is
possible that when an inflammatory stimulus is severe enough to threaten energy reserves,
processes that conserve energy may come into effect. In this context, leptin, a hormone
which plays a central role in both energy homeostasis and the inflammatory response, may
serve as the signal that ties together energy balance and inflammation [186]. Immune
activation of leptin production is thought to involve neuroendocrine pathways, although
these mechanisms are still poorly understood [186].

Because pro-inflammatory cytokines have been identified as performing key roles in thermal
dysregulation (fever), cancer-related sickness behaviour, and various metabolic functions it
is reasonable to hypothesize that there may be a relationship between the production of pro-
inflammatory cytokines and symptoms of thermal discomfort among breast cancer patients.
In addition, these symptoms may be clustered with other cytokine-related symptoms
reported among breast cancer patients. Epidemiological and clinical studies to address this
important possibility are currently needed.
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Thermal discomfort, thermal therapy and possible connections to the immune system?
Straub et al. suggest that elevated pro-inflammatory cytokine levels act as a signal for the
need of energyrich fuels by the immune system [187]. Available energy levels in the body
are significantly influenced by the requirements for heat production and/or heat dissipation.
Fever, which is most often indicative of heightened immune activity due to infectious
agents, is accompanied by an increase in body temperature due in large part to signals in the
brain encouraging heat-seeking behaviour, as demonstrated in many animal models [188].
When breast cancer patients feel inappropriately cold, is this a signal employing
physiological and behavioural mechanisms to conserve and generate heat energy for other
activities, such as the immune system? Since metabolic energy could be drained by a cold
individual attempting to attain thermal comfort, less energy will be available for other
homeostatic functions, which might include the immune response unless that individual
obtains body temperature support by finding warmer ambient conditions (e.g. adding more
clothes or turning up the thermostat). Thus, we wonder whether feeling persistently cold has
a negative impact on the immune system and could even signal poorer disease prognosis
among cancer patients and that appropriate energy conserving interventional strategies (e.g.
hyperthermia or warming thermal therapy) should be employed. Indeed, because cold stress
among breast cancer patients may be indicative of changes in underlying immune function
(e.g. production of pro-inflammatory cytokines) or increased metabolic needs, there could
be therapeutic benefit in the use of thermal therapies to help support overall energy balance.
For example, if a patient exhibits persistent chills, and this is found to be associated with
other symptoms of metabolic sickness, perhaps benefit would be obtained by interventions
involving frequent mild thermal therapies designed to alleviate thermal discomfort and
reduce excessive pro-inflammatory cytokine production. Moreover, supporting the energy
requirements of maintaining body temperature may be expected to allow redirection of
energy use in the body to support other energy requiring functions, such as enhanced
immune function.

Indications that temperature manipulation may be a potentially effective treatment strategy
to enhance anti-tumour immune function are supported indirectly by findings from several
preclinical and clinical studies showing that mild systemic whole body hyperthermia can
potentiate the anti-tumour effects of various cytotoxic agents and can stimulate the immune
system [11,12,189,190].

Mild systemic fever-range whole body hyperthermia both in vitro and in vivo can regulate
the production of pro-inflammatory cytokines such as IL-6 and TNF-α from activated
macrophages [191]. Several immune activities have been shown to be enhanced by mild
heating [192-195]. IL-6 has been shown to play a critical role in mediating at least some of
the immunological effects of fever range hyperthermia on T-lymphocytes [196,197].
Immunological changes have also been observed in both cancer patients and healthy
volunteers whose core temperatures were increased modestly in a warm water bath [198]. In
summary, while considerable data supports the notion that providing mild hyperthermia
could enhance the immune system, much more data is needed in regard to the antitumour
immune response. However, an attractive rationale for a new clinical indication for mild
hyperthermia may be the goal of alleviation of the persistent excessive chills experienced by
many women with breast cancer.

Opportunities for future research directions
The information provided here supports the need for the cancer research community to take
a more rigorous approach to the study of thermal discomfort symptoms among breast cancer
survivors. In order to obtain a precise and accurate assessment of the effects of thermal
dysfunction, a wide range of interdisciplinary studies will be necessary. A combination of
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epidemiological, clinical, biological, and immunological studies will need to be employed to
determine the risk factors and underlying etiologic mechanisms for thermal dysregulation
among breast cancer patients, and the significance of these symptoms with disease
prognosis. Although there are an overwhelming number of studies published on hot flashes,
greater emphasis is needed to improve understanding of causal mechanisms for these
vasomotor menopausal symptoms in breast cancer patients. Since these symptoms can be
quite debilitating, affecting patient compliance with the use of anti-estrogen therapies for
example, it is important to learn how to alleviate them without affecting treatment efficacy
or risk of disease recurrence. Recent findings from the WHEL and ATAC studies [2,3]
support the provocative idea that better treatment outcomes are related to development of
menopausal vasomotor symptoms. If confirmed, clinical studies can be designed to test the
use of these symptoms as a means of providing therapy tailored to breast cancer patients.

In comparison to studies on hot flashes, the possibility that some cancer patients may feel
persistently cold has never been scientifically recognised, and studies to characterise this
symptom and understand the underlying etiological mechanism have never been conducted.
A first step in conducting this research might be to design an observational epidemiological
study that will provide a thoughtful prospective examination of potential relationships
between body temperature, thermal discomfort experienced by women with breast cancer,
immune phenotype, disease prognosis, and cytokine-driven symptoms of cancer-associated
sickness. Identification of key immune patterns related to breast cancer prognosis, body
temperature, symptoms of thermal discomfort, and cytokinerelated symptoms experienced
by breast cancer patients will be critical for the design of future intervention studies aimed at
altering or supporting body temperature as a potential strategy for supporting immune
function among cancer patients. Such studies may be able to target these cytokines as
intermediate biomarkers of long-term prognosis. If body temperature and/or feelings of
being persistently cold are found in initial observation studies to be robust prognostic factors
for breast cancer, it will be important to identify modifiable risk factors for these conditions.
Greater understanding of these relationships will provide insight into potentially modifiable
factors and interventions that may be designed to impact body temperature and/or symptoms
of thermal discomfort, which may in turn improve anti-tumour immune activity and disease
prognosis.

Conclusions
This article has highlighted the phenomenon of thermal discomfort which is highly prevalent
in breast cancer patients. Overall, the information presented here supports the idea that
patients' reports of being too hot or too cold should not be simply discounted as an annoying
side effect of treatment-induced menopausal symptoms. The emerging evidence indicating
that some vasomotor symptoms may be associated with treatment outcomes and disease
recurrence is intriguing. Further study is needed to determine whether this easily
recognisable symptom can provide a simple means for assessing treatment efficacy among
individual breast cancer patients in order to support individualized therapies optimising
disease outcomes. A second intention of this review is to draw attention to the possibility
that some breast cancer survivors may feel persistently and inappropriately cold and have
diminished ability to easily maintain thermal comfort. We hypothesize that similar to other
sickness behaviours, thermal discomfort may reflect changes in the levels or activity of pro-
inflammatory cytokines.

The established links between febrile symptoms, the immune response and pro-
inflammatory cytokines, combined with a growing literature indicating a positive
relationship between mild hyperthermia and the immune system present several compelling
hypotheses regarding thermal discomfort symptoms in breast cancer patients. Addressing
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these hypotheses will optimally require interdisciplinary study by scientists interested in
breast cancer epidemiology and thermal physiology/immunology, as well as in metabolism
and inflammation.
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Figure 1.
Quantification of scientific literature pertaining to “feeling cold and cancer” reveals far
fewer references than those studying “hot flashes and cances”. Moreover, literature
involving hot flashes and cancer has been steadily increasing in numbers over the past
decade while articles pertaining to feeling cold remain infrequent.
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Figure 2.
Humans must balance the amount of energy they consume, in the form of food, with the
amount of energy they expend, through basal metabolism (homeothermy and biological
maintenance), thermogenesis, and physical activity. When excess energy is required for one
process utilizing energy, less energy is available to sustain other processes.
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Figure 3.
Summary of therapeutic and physiological influences on the thermoregulatory pathway and
hot flashes. Generally, menopause reduces estrogen and progesterone levels. See text for
additional details. SSRIs: selective serotonin reuptake inhibitors; SNRIs: serotonin-
norepinephrine reuptake inhibits; SERMs: selective estrogen replacement moudulators; AIs
Aromatase Inhibitors; MPA: medroxyprogesterone acetate.
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Figure 4.
The same cytokines are responsible for metabolic factors leading to cancer growth, fatigue,
and temperature dysregulation (fever). High levels of TNF-α and IL-6 affect blood
concentration and makeup leading to fatigue (blue). Increases in TNF-α and IL-6 promote
metabolic syndrome (green) which induces gluconeogenesis and adipocyte production.
These bodily changes lead to an upregulation of various immune regulators that result in
cancer development and growth. These cytokines also lead to fever via a PGE-2 dependent
pathway (red). Temperature dysregulation (feeling cold) has been related to fatigue and may
also be associated with cancer growth. RBC: red blood cell; COX-2: inducible cyclo-
oxygenase, PGE2: prostaglandin E2; IGF-1: insulin-like growth factor 1; NF-κB: nuclear
factor kappa-light-chain-enhancer of activated B cells; ROS: reactive oxygen species; DNA:
deoxyribonucleic acid; VEGF: vascular endothelial growth factor
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Table I

Summaries of symptoms of thermal dysregulation in cancer patients are provided separated by cancer site.
Studies are also organized by year of publication.

Thermal Dysfunction Studies in Cancer Patients

Cancer Site Thermal Dysfunction Reference Year

Breast

DB, PC, CO, RT showed a reduction in hot flashes with 20 mg
twice a day of medroxyprogesterone acetate compared to placebo.

[58] 1994

DB, PC, CO, RT showed that clonidine significantly reduced hot
flash frequency and severity however results were only moderate
clinically.

[132] 1994

Phase II trial found that venlafaxine at 12.5 mg twice a day
alleviated sweating.

[133] 1998

PC, CO, RT showed that, although statistically significant, 800
IU/day of vitamin E only showed a marginal improvement in the
clinical magnitude of hot flashes.

[134] 1998

A single patient with recurrent breast cancer reported feeling cold
and was found to have elevated levels of IGF-2.

[135] 1999

Pilot study found 83% of participants chose to continue the
experimental paroxetine hydrochloride to reduce hot flashes and
warrant further study through a DB, PC, RT.

[136] 2000

DB, PC, RT determined that venlafaxine reduced hot flashes and
found a 61% decrease in median hot flash score in patient's taking
150 mg of venlafaxine for 4 weeks compared to a 27% median
decrease in those taking a placebo.

[96] 2000

BD, PC, RT found that 0.1mg/day of oral clonidine was effective
in reducing hot flashes in patients taking tamoxifen.

[99] 2000

DB, CO, RT of soy products found no difference in the reduction
if hot flashes in women taking 50 mg of soy isoflavones compared
to those taking a placebo.

[104] 2000

RT of black cohosh did not find a significant difference the
reduction of number of intensity of hot flashes.

[95] 2001

Demonstrated that a short cycle of intramuscular depot
medroxyprogesterone acetate injections provided significant and
long-lasting relief from postmenopausal hot flashes compared to
oral megestrol.

[137] 2002

DB, PC, CO, RT found that 20 mg/day of fluoxetine modestly
improved hot flash symptoms based on unadjusted analysis.

[92] 2002

Cross sectional analysis failed to find a significant difference in
hot flash quality or triggers in breast cancer survivors compared to
healthy women.

[53] 2002

DB, PC, RT found that beverages containing soy phytoestrogens
had no more of an effect of hot flashes in postmenopausal women
than a placebo beverage.

[103] 2002

Group of 13 patients showed a significant decrease in hot flash
severity with 20 mg/day of paroxetine.

[138] 2002

BD, PC, RT in which participants were given paroxetine
controlled release had significantly reduced hot flash frequency
compared to those given placebo.

[91] 2003

Cross-sectional study shows that sleep disturbance is not related to
hot flashes in menopausal women who were not treated for their hot flashes.

[139] 2004

CYP2D6 genetic variants may alter the effects of tamoxifen
resulting in increased hot flashes than women without this
genotype.

[140] 2004
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Thermal Dysfunction Studies in Cancer Patients

Cancer Site Thermal Dysfunction Reference Year

Tamoxifen treated patients with CYP2D6 *4/*4 genotype have a
lower incidence of hot flashes suggesting that this gene is, at least
in part, responsible for the metabolism of tamoxifen.

[141] 2005

Literature review concludes that SSRI, SNRI, clonidine, and
gabapentin trials provide evidence for efficacy but are not as
effective as estrogen in treatment of hot flashes.

[61] 2006

DB, PC CO, RT showed that sertraline significantly reduced hot
flash severity compared to placebo in patients taking tamoxifen.

[90] 2006

DB, PC, RT found a significant decrease in hot flash severity in
those taking gabapentin compared to those taking a placebo.

[142] 2005

Intramuscular medroxyprogesterone acetate daily is more effective
than oral venlafaxine for treatment of hot flashes.

[98] 2006

Two DB, PC, RT showed that venlafaxine reduced hot flashes but
was not efficient for alleviating other treatment related symptoms
such as fatigue and sleep disturbance.

[97] 2007

DB, RT (Phase III) showed that 37.5 mg twice a day of
venlafaxine was significantly more effective in reducing hot
flashes compared to 0.075 mg twice a day of clonidine.

[143] 2007

Found that hypnosis resulted in a 59% decrease in daily hot
flashes, a 70% decrease in weekly hot flashes, and a decrease in
the degree to which hot flashes interfered with normal daily
activities in a small 16 patient sample.

[144] 2007

Hot flash frequency in was reduced following acupuncture but no
significance was found when compared to sham acupuncture.

[145] 2007

Hot flashes were a better predictor of recurrence than age,
hormone receptor status, or even the difference in the stage of the
cancer at diagnosis (Stage I versus Stage II).

[72] 2008

PC, RT showed that A diet high in vegetables, fruit, and fiber and
low in fat decreased additional risk of secondary breast cancer
events in women without hot flashes compared with that in women
with hot flashes, possibly through lowered concentrations of
circulating estrogens.

[146] 2009

Prostate

DB, PC, CO, RT showed a reduction in hot flashes with 20 mg
twice a day of Medroxyprogesterone acetate compared to placebo.

[58] 1994

Found that radiation therapy combined with 3.6 mg of goserelin
(subcutaneously), improves local control and survival in patients
with advanced cancer but 62% of participants receiving goserelin
experienced hot flashes.

[106] 1997

Details five individuals who were prescribed sertraline for anxiety
and depression, all whom experienced reductions in their hot flash
symptoms.

[93] 1998

Megestrol acetate use was found to be safe and effective in
reducing hot flash symptoms for up to three years.

[107] 1999

Venlafaxine hydrochloride in doses of 12.5 mg twice a day
alleviated hot flashes in men undergoing androgen ablation therapy

[147] 1999

Lung

7% of patients experienced hot flashes that were severe and
limiting but these symptoms were limited to women.

[148] 2004

Ovary

Study found a positive association between occurrence of hot
flashes and the relative risk of ovarian cancer

[149] 1992

Testes
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Thermal Dysfunction Studies in Cancer Patients

Cancer Site Thermal Dysfunction Reference Year

Men reported feeling cold more often that the general male
population.

[115] 2002

DB=double bind, PC=placebo controlled, RT=randomized trial
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