Chapter 7
Symptoms: Aromatase Inhibitor Induced
Arthralgias
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Abstract Recent clinical trials have demonstrated that aromatase inhibitors (Als)
are slightly more effective than tamoxifen at reducing breast cancer recurrences.
However, breast cancer patients receiving Als have a higher incidence of musculo-
skeletal symptoms, particularly joint pain and stiffness. Musculoskeletal pain and
stiffness can lead to noncompliance and increased utilization of health care resources.
There is a suggestion that the syndrome is the result of estrogen deprivation and may
share components with autoimmune diseases such as Sjogren’s syndrome. Several
factors may increase the likelihood of developing Al arthralgia, such as prior chemo-
therapy, prior hormone replacement therapy, and increased weight; there are incon-
sistencies with regard to the data on genetic predispositions to this syndrome. While
several studies have been done to evaluate interventions to treat or prevent Al arthral-
gia, no clear treatment has emerged as being particularly beneficial. Much of the
research has been limited by small sample size, difficulty blinding patients to placebo,
inconsistent definitions of the syndrome, multiple patient reported outcomes, lack of
objective outcome measures and heterogeneous patient populations. We are at the
early stages of research in characterizing, understanding etiology, preventing and
treating Al arthralgias; however much work is being done in this area which,
hopefully, will ultimately improve the lives of women with breast cancer.
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Overview

Due to early detection and improved treatments, there has been a 30 % reduction in
breast cancer (BC) mortality over the past two decades (DeSantis et al. 2014). The
increase in BC survival is largely due to the benefits of hormonal therapy in women
with hormone receptor (HR) positive breast cancer. Recent clinical trials have
demonstrated that aromatase inhibitors (Als) are more effective than tamoxifen at
reducing BC recurrences (Baum et al. 2002; Goss et al. 2003, 2005; Howell et al.
2005; Thurlimann et al. 2005; Coombes et al. 2004). However, BC patients receiv-
ing Als have a higher incidence of musculoskeletal symptoms, particularly joint
pain and stiffness. Musculoskeletal pain and stiffness leads to noncompliance and
increased utilization of health care resources (Henry et al. 2012.; Scudds and Mc
1998; Kewman et al. 1991; Carey et al. 1995). In a prospective study of 1,976
patients, a 10 % increase in arthralgia was associated with a 20 % increase risk of
non-compliance to Al therapy (Hadji et al. 2014). Since women with HR-positive
BC benefit from long-term hormonal therapy for 5-10 years, it is important to try to
minimize side effects, to enhance patient adherence and to improve quality of life
(QOL). Therefore, safe and effective treatments that alleviate these symptoms are
needed. There is no standard definition, consistent terminology or agreed upon out-
come measures for this condition. Some refer to it as Al Arthralgia (AIA) or Al
Musculoskeletal Syndrome (AIMSS) (Niravath 2013) (Fig. 7.1).

In large adjuvant trials involving Als, the incidence of musculoskeletal disorders was
reported in 19-35 % of patients on AI’s and 12-29 % of patients on tamoxifen (Baum
et al. 2002; Goss et al. 2003). However, prospective cohort studies assessing symptoms
with patient reported outcome measures suggest that 40-50 % of women have either
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new onset or worsening Al-related arthralgias (Crew et al. 2007; Henry et al. 2008,
2012). In a small prospective study of patients initiating Al therapy, the median time to
development of Al arthralgias was 7 weeks, and by 12 weeks 55 % of patients had at
least one complaint, and the incidence increased steadily over time (Shi et al. 2013).
Other prospective cohort studies have found a similar incidence (Laroche et al. 2014).

Several studies have suggested an association between the development of Al
arthralgias and improved disease free survival outcomes; however other studies
have not shown this association. For example, a retrospective analysis of the
ATAC data shows that women who developed arthralgia had a breast cancer recur-
rence HR of 0.65 (P=0.001) when compared with women with no arthralgia
(Cuzick et al. 2008). Similarly, analysis of the TEAM trial showed improvements
in disease-free survival in patients who had arthralgia while on endocrine therapy
(Hadji et al. 2012). This is in contrast to the Intergroup Exemestane study that did
not find this association (Mieog et al. 2012). Measurement error is a real problem
with these studies, as they primarily rely on CTCAE reporting, and not patient
reported outcomes.

Etiology

Estrogen deficiency after menopause has been linked to an increase in several chronic
inflammatory conditions, including osteoporosis and osteoarthritis (OA) (Riggs and
Melton 1992; Sherwin 1996). Estrogen can influence chondrocyte formation on mul-
tiple levels by interacting with cellular growth factors, adhesion molecules, and cyto-
kines (Ushiyama et al. 1995; Rosner et al. 1982; Dayani et al. 1988). A dose-dependent
change in matrix protein turnover occurs when cultured chondrocytes are exposed to
estradiol (Richmond et al. 2000; Dayani et al. 1988; Blanchard et al. 1991; Rosner
et al. 1982). Production of interleukin-6 (IL-6) and type II collagen in articular chon-
drocytes is also affected by estradiol, suggesting it may affect cartilage metabolism
(Guerne et al. 1990; Claassen et al. 2006; Richette et al. 2003). Additional support that
estrogen deprivation results in this syndrome comes from studies showing that hor-
mone replacement with conjugated equine estrogens result in decreased joint pain,
pain severity and joint swelling in postmenopausal women (Chlebowski et al. 2013).

In addition, there may be an autoimmune component to the syndrome. Animal
models, where aromatase is knocked out, manifest symptoms similar to Sjogren’s
syndrome. In a study of patients referred to a rheumatologist, 50 % met the criteria
for sicca syndrome (Laroche et al. 2007). Several small studies have also evaluated
the influence Al therapy on inflammatory serum markers but results evaluating
CRP, IL-6, and TNFa have been inconsistent (Dougherty et al. 2005; Azria et al.
2007; Harputluoglu et al. 2008). Even in studies showing Al-related changes to
inflammatory markers, these changes were not correlated with the development of
Al arthralgia (Azria et al. 2007).

Studies assessing Al-induced arthralgias have shown a correlation between
PROs and objective findings. Morales et al. demonstrated that the subjective symp-
toms of Al-induced arthralgias in the hands are associated with physiologic changes
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to joints and functional impairments (Morales et al. 2008). Women taking Als are
more likely to have an increase in tenosynovial changes as seen on MRI, a decrease
in grip strength as measured by a sphygmomanometer, as well as increased pain and
stiffness as measured by self-administered questionnaires (Morales et al. 2008).
In a study conducted by Dizdar et al., women taking Als had increased tendon
thickness and higher rates of effusions in hand joints/tendons on musculoskeletal
sonography, compared to women who never received Als (Dizdar et al. 2009;
Lintermans et al. 2011). Al use is also associated with a greater incidence of carpal
tunnel syndrome of moderate intensity and short duration (Sestak et al. 2009). With
regard to pain sensitivity, the syndrome does not appear to result in impairment of
descending pain inhibitory pathways as measured by pressure pain testing or condi-
tioned pain modulation testing (Henry et al. 2014).

Risk Factors

The risk factors for developing Al-associated arthralgia are unclear. In some studies
high BMI, prior chemotherapy, and a history of hormone replacement therapy are
major risk factors for developing joint symptoms (Sestak et al. 2008). Other studies
show prior taxane chemotherapy, symptoms at the time of treatment initiation and
time from menopause are also associated with severity of Al arthralgias (Shi et al.
2013; Crew et al. 2007; Mao et al. 2011). One prospective cohort study found that
additional risk factors for the development of pain included higher levels of anxiety
and impaired quality of life at the time of initiation of therapy (Laroche et al. 2014).

The question of genetic susceptibility to toxicity has been addressed as well.
In a prospective cohort study of 343 post-menopausal women starting Al therapy,
single nucleotide polymorphisms (SNPs) in genes encoding for the metabolism of
estrogens (CYP17A1) and vitamin D (VDR, CYP27B1) were associated with self-
reported arthralgia (Garcia-Giralt et al. 2013). In addition, patients who had SNP’s
for multiple genes had the highest risk for Al arthralgia. A cross-sectional study in
390 patients also found that repeats in the CYP19A1 gene were associated with Al
arthralgias (Mao et al. 2011). A better understanding of genomic and clinical risk
factors can help identify patients who can be targeted for specific interventions to
prevent this syndrome. An ongoing ECOG prospective cohort study in 1,000 women
evaluating genomic predictors of Al arthralgias and early Al discontinuation should
further clarify this issue.

Treatment

The use of a non-steroidal anti-inflammatory agent, or simply switching to an alter-
native Al, are common clinical approaches for patients experiencing significant
arthralgias. Interestingly, approximately a third of patients will experience some
improvement in symptoms by simply switching to another AI (Henry et al. 2012).
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Table 7.1 Summary of trials for treatment or prevention of Al arthralgia

Therapy N Blinded | Randomized | Outcome

Supplements

Vitamin D 160 |Y Y In this prevention trial, increased
(Khan et al. 2012) pain was observed in 38 % of

patients receiving vitamin D, versus
61 % on placebo (p=0.008)

Glucosamine 53 |N N 50 % of patients with >20 %

(Greenlee et al. 2013) reduction in pain

Omega 3 fatty acid 240 |Y Y 50 % reduction in pain/stiffness

(Hershman et al. 2014) in both arms

Drugs

Duloxetine® 29 N N 74 % of patients had at least a

(Henry et al. 2011) 30 % decrease in average pain

Testosterone® 90 |Y Y The higher dose of tested

(Birrell and Tilley 2009) testosterone dose decreased pain
more than did the placebo (p=0.04)

Prednisolone 29 |N N 67 % of patients reported symptom

(Kubo et al. 2012) improvement

Other

Acupuncture®® 40 Y Y 50 % decreased pain in the active

(Crew et al. 2010) acupuncture arm, as opposed to no
change in the sham arm

Exercise® 121 |N Y 24 % decrease in pain scores with

(Irwin et al. 2013) exercise versus virtually no change

in the usual care group (p=0.013)

4Large randomized controlled trial ongoing
®Additional studies also published; see text

There are, however, currently no proven treatments for Al-related arthralgias.
Researchers have investigated interventions that have been studied in patients with
chronic pain conditions, osteoarthritis and rheumatologic arthritis. Patients are often
not willing to take medications to treat side effects, that have the potential for addi-
tional side effects, so many have gravitated to natural products, mind-body interven-
tions and exercise. Many prospective trials are collecting blood and DNA to perform
analysis that will be critical in elucidating the mechanism of this side effect as well
as genetic susceptibility (Table 7.1).

Vitamin D

Vitamin D deficiency and insufficiency may contribute to musculoskeletal symp-
toms. In a prospective study, 60 women who were beginning adjuvant Al therapy
had baseline vitamin D (250HD) levels measured. At the conclusion of 16 weeks of
letrozole, 52 % of women with baseline 250HD levels >66 ng/ml reported no dis-
ability from joint pain, whereas only 19 % of those with levels <66 ng/ml had no
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disabling joint pain (Khan et al. 2010). In a subsequent randomized VITAL trial
(Vitamin D for Arthralgias From Letrozole), 160 postmenopausal women with a
serum vitamin D level of <40 ng/mL were randomized to receive 30,000 IU of oral
vitamin D3 weekly for 24 weeks; the other was given a placebo. About 61 % of
controls and 38 % of those on vitamin D reported an increase in pain (P=.008)
(Khan et al. 2012).

Glucosamine Chondroitin

Glucosamine and chondroitin are popular dietary supplements frequently used with
the goal of treating arthritic pain. In a non-randomized phase II trial of glucosamine
and chondroitin to treat moderate-to-severe aromatase inhibitor induced joint pain,
approximately 50 % of participants self-reported a >20 % improvement in pain,
stiffness and function. The intervention was well-tolerated with minimal toxicities
and no changes in estradiol levels were observed (Greenlee et al. 2013). Nonetheless,
a placebo effect may be largely responsible for this finding.

Omega-3

Omega-3-fatty acids have anti-inflammatory effects and can be effective in decreas-
ing arthralgias from rheumatologic conditions. A placebo-controlled trial of 3.3 g
of Omega-3-fatty acids was conducted among 249 women on Als with severe
(=5 of 10) pain and or stiffness. Interestingly a 60 % improvement was observed
in the group randomized to Omega-3. However, a similar reduction was seen in the
placebo arm. At 24 weeks, both groups had about a 2-point improvement from
baseline on a 10 point scale (Hershman et al. 2014). This study demonstrates the
difficulty in relying on patient-reported outcomes and the strength of the placebo
effect. It also raises questions about the results of other trials where the interven-
tion could not be truly blinded.

Duloxetine

Duloxetine is a selective serotonin and norepinephrine reuptake inhibitor used for
treating pain. A single-arm, open-label phase 2 study of duloxetine was studied in
women with breast cancer who developed new or worsening pain after treatment
with an Al. Twenty-one of twenty-nine evaluable patients (72.4 %) achieved at least
a 30 % decrease in average pain. The mean percentage reduction in average pain
severity was 60.9 % (Henry et al. 2011). Based on the results of this study, a
randomized placebo-controlled trial is being conducted in SWOG.
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Testosterone

A double blind placebo-controlled, randomized pilot study of a transdermal testoster-
one preparation supported that this approach was helpful for alleviating aromatase
inhibitor-induced arthralgias (Birrell and Tilley 2009). This trial involved 90 patients
with baseline Al arthralgia pain and/or stiffness be greater than 50 on a 0—100 point
pain scale. Patients were randomized into one of three study arms to receive a low
testosterone dose versus an intermediate testosterone dose versus a placebo. After 3
months, the pain scores decreased more in the intermediate dose testosterone arm
compared to the placebo arm (P=0.04). Likewise, stiffness scores decreased more in
the intermediate dose testosterone arm, compared to the placebo arm (P=0.06). While
serum testosterone concentrations increased in the groups getting testosterone, there
was no suggestion that estrogen concentrations were any higher with testosterone,
compared to the placebo arm. Based on these promising findings a phase III random-
ized placebo-controlled trial, using intradermal testosterone pellets, is being con-
ducted in women with Al arthralgias, through the Alliance cooperative group.

Prednisolone

Autoimmune diseases are often treated with low dose steroids, and as mentioned
above, there is some similarities between the arthralgia syndrome from AI’s and
Sjogren’s syndrome. To test this approach, patients with Al arthralgia were admin-
istered 5 mg of oral prednisolone once a day in the morning for only 1 week. Patients
were then asked to answer a questionnaire about joint pain symptoms at 1 week, 1
month and 2 months after the beginning of prednisolone use. Joint pain symptoms
improved in 67 % of patients immediately after prednisolone use, with 63 % still
reporting analgesic effect at 1 month, and 52 % at 2 months after beginning the
short-term use of prednisolone (Kubo et al. 2012).

Acupuncture

Acupuncture is a popular non-pharmacologic modality that has been shown to be a
useful adjunct in a range of painful conditions, including musculoskeletal pain
(Anonymous 1998). Small pilot trials for Al arthralgias have reported conflicting
results. A randomized, sham-controlled, blinded trial to assess the effect of a 6-week
intervention of acupuncture in 38 women with Al-associated joint symptoms
reported that true acupuncture group had a 50 % decrease pain compared to no
change in the sham acupuncture group (Crew et al. 2010). Other smaller studies
have suggested a benefit of both standard and electroacupuncture (Oh et al. 2013;
Mao et al. 2014). A larger multicenter randomized trial with a waitlist control, sham,
and true acupuncture is being conducted in SWOG.
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Exercise

Several studies have suggested that exercise can reduce treatment-related adverse
effects. A randomized trial of 121 women with Al arthralgia reported that pain
scores decreased by 24 % at 12 months among women randomized to exercise vs.
no change among women randomized to usual care (mean baseline to 12-month
change: —1.27+0.34 vs. —-0.01+0.35, respectively; P=.013). A dose—response
effect was also observed with greater exercise leading to less pain severity (Irwin
et al. 2013). In addition, a small pilot study of tai chi in 12 women with self reported
Al arthralgia demonstrated a reduction in pain (Galantino et al. 2013). Additional
work in this area is warranted, however, these studies are limited by the inability to
blind participants.

Switching

Two studies have been done suggesting switching AI’s can result in improvement of
symptoms. In one study, 60 % of patients that switched remained on the alternate Al
at 6 months, and 15 % had no complaints of joint symptoms (Briot et al. 2010).
Another study showed that 39 % of patients were able to tolerate the second Al
(Henry et al. 2012). Given the strong placebo effect, these results should be inter-
preted with caution with regard to the biologic effect of switching treatments.
Another approach is to switch to tamoxifen, a therapy with similar long-term
benefits.

Future Directions

There is enormous discrepancy between studies evaluating Al arthralgia due to lack
of uniformity in both subjective and objective outcome measures and inconsistency
in reporting. As a result priorities going forward might focus on uniform definitions,
a better understanding of the natural history, defining mechanisms and determining
effective treatment and prevention strategies. While there has been some work eval-
uating the syndrome, the heterogeneity in terminology and definitions can make
interpreting the findings difficult. A consensus on consistent terminology and
definition might help with future studies.

The original large phase III clinical trials resulting in drug approval did not
capture patient reported outcomes, which was a missed opportunity for under-
standing this syndrome in a large number of women. Because the symptoms were
often not attributed to the drug, these trials underestimated the degree to which
these side effects interfere with quality of life, adherence and function. Cohort
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studies have used a variety of patient reported outcomes such as the Brief Pain
Inventory (BPI), the Health Assessment Questionnaire (HAQ), the Western Ontario
and McMaster Universities Arthritis Index (WOMAC) and the Score for Assessment
and Quantification of Chronic Rheumatic Affections of the Hands (SACRAH).
Consistent outcome measures would allow for better consistency of interpreting
the results of interventional trials.

There are ongoing cohort studies, as the one being done through ECOG, where
1,000 patients are being followed at initiation of Al therapy and evaluated over the
course of a year. In addition DNA and serum are being collected to clarify if there
are genetic determinants of risk. This study should help clarify the short-term natu-
ral history. However the 1 year follow-up will limit the understanding of delayed
symptoms and poor adherence. Another shortcoming of this trial, as opposed to the
missed opportunity in the early randomized trials is that there is no placebo arm
with which to better understand any nocebo effect. In addition, understanding the
factors that contribute to improvement of symptoms in some patients, as opposed to
others, may help physicians make better therapeutic recommendations.

A clearer understanding of the mechanism behind Al arthralgia may result in
more targeted interventions or drug modifications that could reduce the develop-
ment of this secondary effect. However, it may be that the exact mechanism that
results in the drug effectiveness, i.e., the lowering of estradiol, may be the inciting
factor. Careful attention will need to be paid to the fact that improvements in symp-
toms could affect the efficacy of the therapy if directed to the mechanism of action.
As a result pure management of symptoms with interventions known to improve
pain or treat other forms of arthritis have been studied.

Understanding risk factors may help risk stratify patients for treatment with
tamoxifen or Al therapy, and may help target preventive interventions. Early sug-
gestions from a biologic perspective have focused on estrogen-related pathways and
polymorphisms in the aromatase pathway. It is clear that prior chemotherapy, prior
hormone replacement therapy and baseline psychological state may influence the
development of symptoms and adherence. These factors as well as genetic factors
may help determine which patients should avoid Als upfront and be treated with
tamoxifen from the start. It will be crucial to understand if these individuals have a
different prognosis.

The optimal outcome measure and timing of assessments is unclear, therefore
clinical trials often vary from each other in primary outcome, duration and patient
populations. The issue of placebo effect, as demonstrated by the SWOG Omega-3
study makes clinical trials challenging, and should push the field to try to better
define objective as well as subjective definitions of this syndrome. Furthermore,
many clinical trials cannot be truly blinded and may result in inaccurate conclusions.
Interventional studies are subject to biases resulting from a very strong placebo
effect and a waxing and waning symptom course.

The ultimate goal of treating or preventing Al arthralgias is to improve quality of
life and increase adherence while maintaining efficacy, so these outcomes need to
be considered in prevention and treatment studies.
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