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Abstract

Purpose of the Review Cancer-associated myositis (CAM) is defined as when cancer
appears within 3 years of myositis onset. Dermatomyositis and seronegative immune-
mediated necrotizing myopathy are the phenotypes mostly related to cancer. In
general, treatment principles in myositis patients with and without CAM are similar.
However, some aspects of myositis management are particular to CAM, including (a)
the need for a multidisciplinary approach and a close relationship with the oncolo-
gist, (b) the presence of immunosuppressive and antineoplastic drug interactions,
and (c) the role of the long-term immunosuppressive therapy as a risk factor for
cancer relapse or development of a second neoplasm. In this review, we will also
discuss immunotherapy in patients treated with checkpoint inhibitors as a treatment
for their cancer.

Recent Findings Studies on cancer risk in patients treated with long-term immuno-
suppressive drugs, in autoimmune diseases such as systemic lupus erythematosus or
rheumatoid arthritis, and in solid organ transplant recipients have shed some light
on this topic. Immunotherapy, which has been a great advance for the treatment of
some types of malignancy, may be also of interest in CAM, given the special relation-
ship between both disorders.

Summary Management of CAM is a challenge. In this complex scenario, therapeutic deci-

sions must consider both diseases simultaneously.

Introduction

Cancer-associated myositis is a term used to describe
patients who develop both cancer and inflammatory
myopathy within a 3-year period [1]. This specific
frame of time is based on epidemiological stud-
ies and is the strongest argument for the diagnosis
[2-4]. It is not always the case, but some patients
develop a parallel course between cancer and myosi-
tis (i.e., when cancer improves, the myositis disap-
pears, and when cancer relapses, the myositis flares)
the so-called “paraneoplastic” myositis [5]. Although
any cancer can be associated with myositis, ovarian
cancer seems to be one of the most frequent [3].

Of the several myositis phenotypes [6¢], dermato-
myositis (DM) and seronegative immune-medi-
ated necrotizing myopathy (IMNM) have been most

frequently associated with cancer. Alternatively,
other types of myositis such as sporadic inclusion
body myositis (sIBM) or the antisynthetase syn-
drome have been rarely linked to cancer. A system-
atic review published recently on the topic helps
to establish the most important risk factors for the
development of cancer in patients with myositis
[7¢]. Besides the above-mentioned phenotypes, and
the obvious association with age, the severity of dys-
phagia, and the positivity for anti-TIF1+y, antibodies
were detected relevant risk factors for malignancy.
Managing cancer and myositis in combination is not
easy and requires a multidisciplinary approach to
find the right balance between myositis and cancer
treatment.
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Treatment

Diet and lifestyle

There is no specific dietetic advice that is different for people with myositis,
other than the general advice that applies to the general population, such
as avoiding or quitting smoking, not consuming alcohol, and following
an equilibrated Mediterranean diet. Also, contrary to what was originally
thought, multiple studies support the beneficial effect of physical activity
even in acute forms of myositis [8¢]. Regarding environmental exposures, sev-
eral reports found that UV light may be associated with dermatomyositis [9,
10]. Therefore, patients with myositis, including those with cancer-associated
myositis (CAM), should generally avoid exposure to UV light, protect their
skin with a high sun-protection factor, and stay active. General vaccination
against pneumococcus, influenza, and the recently described agent SARS-
CoV2 is strongly recommended in all myositis patients, more even in patients
with cancer [11°°].

Pharmacological treatment

There are few differences in the pharmacological approach to the treatment
of patients with CAM in comparison with those of myositis patients with-
out malignancy. Main pharmacologic groups used to treat CAM, including
glucocorticoids, intravenous immunoglobulins, and immunosuppressant
antimetabolites such as methotrexate or azathioprine, mycophenolate, cal-
cineurin, antagonists (cyclosporin or tacrolimus), or biological agents (rituxi-
mab). Alkylating agents such as cyclophosphamide are exceptionally used in
patients with myositis favoring less toxic drugs.

Although refractoriness to therapy has been proposed as a factor suggest-
ing the presence of occult malignancy in patients with myositis [12], this is
not our experience, and this has not been identified as a risk factor in the
recent systematic review and meta-analysis on 69 articles on CAM [7¢].

The most effective therapeutical approach in CAM is not different from
non-CAM patients including a combination of prednisone (1 mg/kg/day),
calcineurin antagonists (cyclosporine, up to 5 mg/kg/day, or tacrolimus,
0.06 mg/kg/day), and intravenous immunoglobulins (2 g per kg every 4-6
w). Although other immunosuppressive drugs (i.e., mycophenolate mofetil,
and others) may be administered instead of calcineurin inhibitors which
may present interactions with most antineoplastic agents (see below and in
Tables 1 and 2), this is nonetheless our preferred choice due to its efficacy,
and we rely on the levels of the drug and frequent arterial pressure measure to
avoid toxicities [5]. Interstitial lung disease (ILD) is rare in CAM patients, so
specific therapy for ILD is usually not applied. In a recently published cohort
from Japan, only 3.6% of patients with CAM had some degree of ILD, and
this did not seem to have a significant impact on mortality, which was mostly
dependent on the outcomes of the malignancy [13].
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Table 1 Matching table on myositis therapy interactions in combination with classical antineoplastic therapies
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Table 2 Matching table on myositis therapy interactions in combination with novel antineoplastic therapies
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ALK anaplastic lymphoma kinase, BRAF B-Raf serine-threonine kinase, BTK Bruton’s tyrosine kinase, CD clusters of differentiation, CDK
cyclin-dependent kinase, EGFR epidermal growth factor receptor, FGFR fibroblast growth factor receptor, MEK mitogen-activated protein
kinase, HER2 human epidermal growth factor receptor 2, JAK janus-associated kinase, mTOR mammalian target of rapamycin, PD-1/PDL-
1 programmed cell death protein 1/death ligand 1, Pi3K phosphatidylinositol-3-kinase, VEGF vascular endothelial growth factor, VEGFR
vascular endothelial growth factor receptor
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In those cases of CAM in whom high-intensity chemotherapy is
administered, such as R-CHOP (cyclophosphamide, doxorubicin, vin-
cristine, and prednisone-rituximab) in the setting of myositis patients
and lymphoproliferative disease, it may be difficult to ascertain whether
the myositis improved by resolution of the malignancy or by the immu-
nosuppressive properties of the chemotherapy. This could be a difficulty
during the management of these patients, particularly to decide if the
immunosuppressive therapy must be maintained afterward. Myositis can
rapidly improve when the tumor can be surgically removed. In a retro-
spective analysis of a large Hungarian myositis cohort, 43 patients were
diagnosed with CAM, and those where the tumor could be surgically
removed experienced a dramatic improvement of the creatin-kinase val-
ues, being difficult to know if this was the consequence of the surgery or
to medical therapy [14].

Multidisciplinary approach

Myositis spectrum disorders are considered connective tissue diseases.
Although in some phenotypes such as the immune-mediated necrotizing
myopathies the main target is the muscle, in dermatomyositis or overlap
myositis, several organs may be involved, including the lungs, joints,
skin, or even the gut or the heart [6¢]. Thus, physicians who usually treat
patients with myositis are used to a multidisciplinary approach, requiring
the expertise of pulmonologists when interstitial pneumonia is present
in patients with the antisynthetase syndrome, or the dermatologist when
refractory skin rashes appear in dermatomyositis. The same approach
must be used in CAM. Physicians treating myositis need to communicate
effectively with the oncologist to improve the outcomes of both diseases.
For instance, Taxol/paclitaxel chemotherapy for breast or ovarian can-
cer may cause weakness due to peripheral neuropathy, which should be
differentiated from myositis activity. Muscle magnetic resonance imag-
ing and electromyography can help to differentiate muscle from nerve
involvement in these cases. Moreover, capecitabine, a chemotherapy agent
which is a prodrug of 5-fluorouracil used for the treatment of metastatic
breast cancer, has been reported as a cause of dermatomyositis-like rash
[15, 16]. The same clinical dilemma may appear in patients with dermat-
omyositis associated with a myelodysplastic syndrome or a myeloprolifer-
ative disorder (i.e., polycythemia vera) under treatment with hydroxyurea
since this drug can cause dermatomyositis-like rash [17].

Lastly, one of the most relevant issues when treating patients with
CAM is to identify drug-drug interactions between the immunosuppres-
sive therapy for myositis and the antineoplastic agents which are pre-
scribed for the malignancy. This topic is going to be discussed in the
following section.
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Immunosuppressive-antineoplastic drug interactions

As it was already mentioned, interactions between cancer and myositis treat-
ments are frequent. Besides changes in the activity of their immunosuppres-
sive and myelosuppressive effects when used together, antineoplastic agents
and those used to treat CAM (which occasionally overlap) can present fur-
ther pharmacokinetic and pharmacodynamic interactions. The most relevant
interactions between the most common agents used to treat CAM and the
classical and novel antineoplastic therapies can be found in Tables 1 and 2,
respectively. For a more detailed description of the mechanism of interac-
tion, severity, and recommended actions, see Supplementary tables S1 and
$2 [18-20]

Regarding classical antineoplastic agents, some immunosuppressants
used to treat CAM such as cyclosporine (a substratum of CYP3A4 but also a
P-glycoprotein/ABCB1 and BCRP/ABCG2 inhibitor), leflunomide (CYP1A2
inducer, and CYP2C8 and BCRP/ABCG2 inhibitor), cyclophosphamide
(CYP3A4 and CYP2C8 inducer) and aminoquinolines (CYP2D6 inhibi-
tors, and substrates of CYP3A4, CYP3A5, and CYP2C8) can interact with
many chemotherapies, such as nitrogen mustard analogs, alkyl sulfonates,
topoisomerase 1 (TOP1) inhibitors, and actinomycin (see Table 1). These
interactions are caused mainly due to their interference in hepatic metabolic
pathways or by concomitant adverse/toxic effects, like the cardiotoxicity of
cyclophosphamide or the QT-prolonging effect of aminoquinolines (chloro-
quine and hydroxychloroquine) and tacrolimus. Due to rhythm alterations,
a therapy modification should be considered especially when combining
aminoquinolines and pyrimidine analogues or other classical antineoplastic
agents, and ALK inhibitors or other protein kinase inhibitors, among other
novel antineoplastic therapies. It is worth remarking that concomitant treat-
ment with immunotherapies like the talimogene laherparepvec and BCG
vaccine with some antineoplastic drugs might lead to infection by herpes
virus simplex (see Supplementary Table S1).

Certain novel antineoplastic agents interact also with calcineurin inhibi-
tors such as cyclosporine and tacrolimus (see Table 2). Again, most of these
interactions can be explained because some of the novel antineoplastic agents
such as protein kinase inhibitors block the cytochrome P450 or P-glyco-
protein metabolism and can increase plasma concentrations of calcineurin
inhibitors and their toxicity. On the other hand, although it is a minor inter-
action that does not preclude their administration, the risk of immunogenic
reactions (such as anaphylaxis or serum sickness-type reactions) caused by
the unspecific intravascular immunoglobulins may be increased when are
used together with monoclonal antibodies and antibody-drug conjugates
(see Supplementary Table S2) [18-20]

In clinical practice, it is important to be aware of the potential pharma-
cokinetic interactions between calcineurin inhibitors or aminoquinolines,
and some antineoplastic drugs. These agents can also have synergistic immu-
nosuppressive and myelosuppressive effects when used together. Also, besides
the role of chloroquine in hepatic metabolic pathways, it may influence in
renal excretion of most of classical antineoplastic therapies, ALK inhibitors,
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and other protein kinase inhibitors; to note, there is an increased risk of
muscle toxicity with cladribine, cytarabine, letrozole, methotrexate, and
procarbazine.

Immunosuppression, malignancy relapse, and second neoplasm

Immunosuppression may play a role in the development of cancer but not
at the initial diagnosis of malignancy associated with myositis. No study has
until now definitely linked immunosuppression to cancer-associated myositis
[21]. Nevertheless, there are several case reports of post-transplantation lym-
phoproliferative disorders (PTLD), usually diffuse large B cell lymphomas, in
patients with severe immunodepression for refractory myositis, mainly due to
the combination of at least two immunosuppressive drugs (i.e., azathioprine
plus methotrexate or azathioprine plus mycophenolate mofetil). However,
this is an unusual scenario [22].

Also, physicians may consider the risk of cancer progression, relapse of
the malignancy, and apparition of a second cancer if severe and long-term
immunosuppression is required in patients with CAM. There are no stud-
ies addressing this topic in inflammatory myopathy, and although we must
consider that inflammatory myopathy has a special relationship with cancer,
we may extrapolate data from other diseases such as rheumatoid arthritis or
solid organ transplantation [23, 24]. In a review on the cancer risk and recur-
rence in patients with rheumatoid arthritis who are being treated with bio-
logical agents, specifically anti-TNF, or new disease-modifying antirheumatic
drugs (DMARD), results from published studies could not detect a higher risk
of cancer or recurrence [23]. However, recently, a randomized, open-label
study comparing patients with theumatoid arthritis, who have been treated
with TNF inhibitors with those who received tofacitinib a JAK inhibitor drug,
found that after 4 years of follow-up, the hazard ratio for cancer was 1.48 in
those treated with tofacitinib [25¢]. Tofacitinib is being increasingly used in
some specific myositis phenotypes such as the anti-MDA5 syndrome or in
refractory rashes in dermatomyositis [26, 27].

In patients with myositis, TNF inhibitors are no longer administered given
their lack of efficacy [28], and other biologic therapies (IL-6 inhibitors, abata-
cept), rarely administered in myositis, do not seem to be associated with a
higher risk of cancer, recurrence, or even of second neoplasms. Regarding the
most used biologic therapy in myositis, which is rituximab, a monoclonal
antibody against CD20, there was no association between this drug and the
presence of cancer [29, 30]. In other systemic autoimmune diseases, like
systemic lupus erythematosus, multidrug therapy using up to three immu-
nosuppressive drugs (cyclosporin, mycophenolate, and glucocorticoids) does
not seem to increase the risk of malignancy in the long term [31]. Moreover,
similar results were obtained from a meta-analysis that assessed the risk of
cancer in patients with rheumatoid arthritis exposed to non-TNF inhibitors
biologics or tofacitinib therapy [32].

As has been said previously, patients receiving solid organ transplanta-
tion are a model of long-term immunosuppression that may impair the
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immunosurveillance and increase the risk of cancer. These patients have a
2-to fivefold risk to develop a de novo neoplasm than the general population
[33], mainly non-melanoma skin cancer, but also other types of malignancy.
Glucocorticoids, which are a cornerstone in the treatment of inflammatory
myopathy, are not usually considered to be associated with second neoplasms
in immunocompromised patients. Moreover, a systematic review in kidney
transplantation patients revealed that after a 5-year follow-up, there were no
differences in the occurrence of malignancy between those who received or
those who did not require steroid treatment [34]. Azathioprine, an antime-
tabolite agent that blocks the purine synthesis pathway, that plays a role in
the treatment of inflammatory myopathy has been associated with squamous
cell carcinoma, with a significantly higher risk than other immunosuppressive
drugs, also useful in myositis, such as mycophenolate mofetil or calcineu-
rin inhibitors (cyclosporin or tacrolimus) [35, 36]. Mycophenolate mofetil,
which acts as an inhibitor of the de novo guanosine nucleotides synthesis, is
a useful agent for the control of some myositis manifestations, mainly skin
rashes, ILD, or muscle involvement. A systematic review focused on the can-
cer risk in solid organ transplant recipients published in 2021 did not find
an association between exposure to mycophenolate and an increased risk of
cancer; moreover, it may even be associated with a lower risk in comparison
with other immunosuppressive agents, such as azathioprine [37¢¢]. Finally,
clinicians may consider non-immunosuppressive treatments in patients with
CAM, such as intravenous immunoglobulins, or, in severe scenarios, even
plasmapheresis.

In summary, clinicians must rely on their own experience and extrapolate
from data published in other autoimmune diseases such as systemic lupus
erythematosus or rheumatoid arthritis, and from solid organ transplanta-
tion patients. Common sense and the wise and cautious use of lower levels
of immunosuppression may be helpful for CAM patients, especially in the
long-term, in our everyday clinical practice.

Immunotherapy, checkpoint inhibitors, and immune-mediated myopathies

Check-point inhibitors, specifically those blocking the PD1/PD1L pathway,
have changed the landscape of cancer therapy, at least in several types of
tumors such as small-cell lung cancer and melanoma (SCLC) [38]. Activation
of the immune response against the tumor by blocking this pathway has been
proved a useful approach in such malignancies. Autoimmune diseases have
been excluded from most clinical trials with immunotherapy given the risk of
autoimmune disease flaring after the therapy and the possible development
of immune-related adverse events (irAE) [39-42].

Although several authors have reported dermatomyositis patients with
cancer in whom the disease flares after the therapy with checkpoint inhibitor
[43-46], this is not always the rule, and studies addressed to a better defini-
tion of those patients in whom immunotherapy will be suitable are being
conducted. But this is only one side of the coin, the other side refers to those
patients with cancer who develop an immune-mediated myopathy soon after
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the onset of immunotherapy. Sometimes, it may be difficult to differentiate if
it is a paraneoplastic myositis or an immune-related adverse event [47]. Nev-
ertheless, the clinical context and the muscle biopsy may help to differentiate
between both scenarios. Paraneoplastic dermatomyositis is usually accompa-
nied by characteristic skin lesions (i.e., Heliotrope rash or Gottron papules)
and positivity to specific myositis antibodies (i.e., mainly anti-TIF1vy, but also
anti-SAE or anti-NXP2), and the muscle biopsy often shows perifascicular
atrophy or perimysial lymphocyte infiltrates [6¢]. Alternatively, checkpoint
inhibitor-induced myositis patients have characteristic clinicopathological
phenotype combining limb-girdle, axial, and oculomotor weakness with a
unique pattern of pseudogranulomatous necrotic infiltrates of macrophages
and T cells. Patients with checkpoint inhibitor-induced myositis may develop
myocarditis [48, 49¢]. Differentiating seronegative IMNM of paraneoplastic
origin from IMNM induced by checkpoint inhibitors is currently challenging
but clinically relevant. A second shot of immunotherapy should be carefully
evaluated in these cases, considering the risk/benefit ratio.

I would like to finish this section, sharing a case report of a patient
with CAM who was treated with immunotherapy and partially responded
to the therapy.

Clinical vignette

A 66-year-old male was recently diagnosed with dermatomyositis. He com-
plained of severe proximal muscle weakness that prevented him to stand up
from a chair or helping in the kitchen. Gottron papules on the knuckles of
both hands and a slight heliotrope rash were also present. A muscle biopsy
revealed perifascicular atrophy and perimysial lymphocytic infiltrates. The
autoimmunity profile disclosed a positivity to anti-NXP2 antibodies and high
values of creatinine kinase (1721 IU/l, NV< 192 IU/l). PET/CT performed for
occult cancer screening revealed a solid nodule at the inferior left lung lobe
with a high standardized uptake value (SUV max=16) and hypermetabolic
mediastinal adenopathies, which suggested malignancy. A left adrenal gland
also had a high SUV. A biopsy of a satellite lymphadenopathy was compatible
with a small-cell lung cancer. An adrenal MRI confirmed a metastatic lesion,
and the cranial CT showed multiple brain metastases.

While the cancer diagnosis work-up was ongoing, the patient received tri-
ple therapy with tacrolimus 2 mg/12 h, intravenous immunoglobulins (0.4 g/
kg/day x 5 days), and prednisone (1 mg/kg/day) with a moderate improve-
ment at 1 month. While therapy for myositis was instituted, chemotherapy
based on carboplatin and etoposide was started with partial response after 4
cycles; then, holocraneal radiotherapy was administrated (total dose 9 Gy).
Three months after starting monthly IVIGs while he was receiving a low dose
of prednisone, the dermatomyositis was controlled, and the patient was able
to come walking to our outpatient clinic, take a shower, and help in the
kitchen. Nevertheless, the malignancy outcome was not satisfactory, and
multiple brain metastases persisted. Despite the co-occurrence of an auto-
immune disease, and after the sponsor authorization, a clinical trial with an
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anti-PD1 as maintenance therapy was offered to the patient. Pros and cons of
immunotherapy were discussed with the patient and his family including the
possibility of having a dermatomyositis flair and other autoimmune events.
Eventually, the patient accepted, and he was enrolled in the clinical trial.

After evaluating the pros and cons, the oncologist, the doctor in charge of
myositis, the patient, and his family decided to start this immunotherapy. The
patient remained under immunotherapy treatment for 2 years, with partial
response as best overall response. After that, disease progression was con-
firmed, and he started topotecan, and unfortunately, he passed away due to
tumor progression. In the end, there was discrete evidence of clinical activity
of his dermatomyositis.

Several issues can be drawn from this clinical vignette. The first issue was
that the clinical course of cancer and dermatomyositis does not always run in
parallel, and that dermatomyositis, even in patients with CAM, may respond
well to the conventional therapy combining, in severe cases, prednisone,
IVIGs, and, in this case, tacrolimus. The second issue was that immunotherapy
may be useful, at least in some cases of myositis, as is exemplified in the pre-
sent case. Different factors, like the type of tumor, its level of differentiation,
and the density of lymphocytes infiltrating the tumor (“hot tumors”), may
help in the future to identify ideal candidates to receive immunotherapy and
prevent irAE. Given the special relationship between cancer and dermato-
myositis, often paraneoplastic, it would not be surprising that the approach
regarding immunotherapy ends up being different than in patients with other
autoimmune diseases.

Conclusions

Management of cancer-associated myositis, a condition that may be diag-
nosed when cancer and myositis appear within a period of 3 years, may be a
challenge. Working together with the oncologists is mandatory to achieve the
best possible outcome in these patients. Pharmacologic interactions between
immunosuppressants and antineoplastic agents must be addressed also. Cli-
nicians must consider the risk of long-term immunosuppression in those
patients in terms of cancer relapse or development of a second malignancy.
Given the absence of data in idiopathic inflammatory myopathies, lessons can
be drawn from other systemic diseases such as systemic lupus erythematosus
or rheumatoid arthritis treated with severe and long-term immunosuppres-
sion or from solid transplantation recipients. The role of immunotherapy
as a useful approach to cancer and the risk of flare that these patients may
develop are under discussion.
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