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ABSTRACT

Autoimmune inflammatory rheumatic diseases (AIRDs) have a complex and not fully understood patho-genesis. They include
systemic lupus erythematosus (SLE), primary Sjogren's syndrome (pSS), dermatomyositis (DM), polymyositis (PM), 1gG4 related
disease and vasculitides (with anti-neutrophil cytoplasmic antibodies — ANCA and non-ANCA associated). The development and
activity of the autoimmune process in AIRDs are influenced by genetic, epigenetic, hormonal, and environmental (infections,
smoke, ultraviolet radiation) factors. The severity of the inflammatory process varies depending on the type of the disease, activity of
specific proinflammatory and anti-inflammatory cytokines and activation of several pathways related to inflammation.

Autoimmune inflammatory rheumatic diseases affect various organs and systems. The course of AIRDs may be mild as well as
severe and life-threatening. The treatment of AIRDSs includes immunosuppressive drugs, biologics, symptomatic drugs, immu-
noglobulins, plasmapheresis and haemopoietic stem-cell transplantation. The choice of the therapy depends on the activity of
inflammation, the type of organs being affected, the severity of systemic symptoms (weakness, fever, weight loss), changes present
in the peripheral blood picture and the severity of lymphadenopathy. Currently AIRDs cannot be cured completely.

The presence of the chronic inflammation is known to play a role of a triggering factor for neoplasmogenesis. The combination of
chronic inflammation with autoimmune phenomena, occurring in AIRDs, significantly increases the risk of cells escaping the
regulatory mechanisms, which control their formation, development and differentiation. Therefore, some AIRDs are particularly
associated with a risk of cancer development e.g. DM with a risk of breast, lung and renal cancers and pSS with a risk of
lymphomas. The aim of this chapter is to present the associations of AIRDs with certain neoplastic diseases and factors contributing
to this serious complication of AIRDs.

INTRODUCTION

The autoimmune inflammatory rheumatic dise-
ases (AIRD) constitute a heterogenous group of
diseases associated with the presence of general
symptoms, as well as affecting various organs
and systems (Abasolo, 2008). In certain diseases
from this group e.g. rheumatoid arthritis (RA) or
spondyloarthropathies (SpA), the peripheral or
axial joints inflammation precedes other symp-
toms and organ complications. In others — such
as systemic lupus erythematosus (SLE), syste-
mic sclerosis (SSc), different types of vasculitis
and inflammatory myositis — the beginning is
more insidious, with the involvement of various
organs, thus often taking "a mask™ of other
diseases.

Although the activation of the innate and
acquired immune system is crucial for the
pathogenesis of AIRDs, the level of inflamma-
tion and effect of its chronicity on the immune
system varies depending on the type of the

disease involved. Environmental factors, such
as bacterial and viral infections, ultraviolet ra-
diation, vitamin deficiency or hormonal imbalance
also play an important role in development
AIRDs in susceptible individuals (Moutsopoulos,
2021; Rosenblum, 2015; David, 2018).

However, the clinical picture suggestive of
AIRDs may be in fact "a mask" of malig-
nancies, especially when the picture of the
disease differs to some extent from its typical
course, the relevant immunological criteria are
not met, or the basic treatment turns out to be
ineffective.

Although the connection between the autoim-
munity and tumorigenesis is still widely discussed,
in AIRDs the clinical features, which point to
a potential presence of a neoplasm, should always
be closely analyzed, to potentially redirect the
focus of the diagnostics as soon as possible.

AUTOIMMUNE DISEASES AND TUMORIGENESIS

In rheumatic diseases (RD) the systemic infla-
mmation plays a crucial role in the link between
RDs and neoplasms, being a triggering factor of
neoplasmogenesis. While the innate and acquired

immune systems — apart from being a defense
against pathogens (microbials, viruses, fungi
and helminths) — constitute a barrier to the
uncontrolled development of the malignancy,
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their role in this respect is altered in RDs as the
systemic inflammation leads to the chronic
stimulation of T and B cells. This in turn may
result in the development of lymphoprolifera-
tive diseases. The autoinflammatory process
may also lead to the cancerogenesis. The
differences in a risk of cancer development in
particular RDs depend on type of cells and
immune system pathways which are hyper-
activate in each of those diseases (Yu, 2022;
Brito-Zeron, 2017; Takakubo, 2012).

At the center of AIRD phenomenon lays the
balance between the type 1 and type 2 chronic
immunity. The former is associated with the
production of IFNy and other inflammatory
cytokines, the latter — with IL4 and IL13
activity. While the type 2 immunity plays a vital
inhibitory role in the development of the
immune response, its excessive activity may also
induce metaplasia and cellular transformation in
susceptible persons, finally leading to malig-
nancy (Yu, 2022; Takakubo, 2012).

An increased risk of malignancy is also asso-
ciated with individual features of patients, such
as: age, gender, previous medical history of can-
cer and genetic susceptibility. It also depends on
geoepidemiological circumstances — the incidence
of infections in agiven area, their prevention
and availability of — or more often the lack of —
an effective AIRD treatment (Jensen, 20009;

Calatroni, 2015; Vanni, 2020). The overall risk
factors associated with a lifestyle, such as
smoking, alcohol abuse and contact with toxins
should also be taken under consideration
(Lewandowska, 2019; Hulvat, 2020).

The treatment of AIRDs rests upon the various
ways of the inhibition of the autoimmune
process. The main method of treatment is a non-
specific inhibition of T and B cell activity or
antigen presentation, mainly by classic synthetic
disease-modifying drugs (DMARDSs), such as:
methotrexate, azathioprine, leflunomide and anti-
malarial drugs. The same immunologic mecha-
nisms can also be a subject of a targeted
inhibition with synthetic drugs (target-directed
systemic drugs) — mainly with inhibitors of
Janus kinases (among others: upadacitinib, bari-
citinib, tofacitinib). It is important to note, that
the immunosuppressive therapy may influence
tumor development to an extent depending on the
patient’s susceptibility, the drug itself and the
influence of additional environmental factors.
Biological DMARDs (bDMARD:) target diffe-
rent elements of the immune process, inhibiting
the autoimmune process through inhibition of
e.g. tumor necrosis factor (TNF), IL-6,
IL-12/23, IL17 or CD20 cells. They may exert
various side effects, including the triggering of
a neoplastic process.

THE RISK OF DEVELOPING MALIGNANCY IN PARTICULAR RHEUMATIC DISEASES
RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic auto-
immune disease with a joint inflammation being
a dominant symptom, although its complications
may affect various internal organs. It is the most
common type of a non-infectious arthritis.
Rheumatoid arthritis raises the risk of the
development of several other diseases — com-
pared to the general population. The number of
comorbidities in RA increases with patient’s
age, disease duration and activity of inflam-
matory process. Cardiovascular diseases, infec-
tions and cancers constitute the most important
comorbidities of RA patients, as they can lead
to an increased risk of death. The overall
malignancy risk in patients with RA is similar to
that of the general population (Wilton, 2012).

There is an increased risk of the development of
certain neoplasms in RA, concerning lung, renal
cancer and lymphoma in particular. The etio-
pathogenesis of this increased risk is likely
multifactorial and depends on the presence of
a chronic inflammation along with other risk
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factors (Wilton, 2012; Muellenhoff, 2012; Kim,
2019; Winthrop, 2022; Wu, 2016; Simon, 2019).
Interestingly, there are cancers, that occur less
frequently in RA than in the general population,
such as breast, gastrointestinal and — in
particular — a colorectal cancer. In RA the risk
of development of cancer is higher for males
and older individuals, however compared to the
general population, the effect of RA on cancer
risk is more pronounced in the younger age
groups (Lee, 2019; Simon, 2015; Wilton, 2017;
Carmona, 2010; De Cock, 2018). The highest
incidence of cancer in patients with RA is in the
first 5 years after the establishment of the
diagnosis of RA. At the later stages of the
disease the risk of developing cancer gradually
decreases, however still active inflammation
often associated with an increased number of
white blood cells is related to the malignancy
(Parikh-Patel, 2009; Wolfe, 2004; Chen, 2011).
The risk of developing lymphoproliferative
diseases, including Hodgkin's lymphoma (HL)
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and non-Hodgkin's lymphoma (NHL), is incre-
ased in patients with RA. The patients with RA
and NHL have survival rate similar to the overall
population of NHL patients. In RA patients
lymphomas tend to be low-stage and lymphoma
effect on mortality of RA patients is minimal
(Abasolo, 2008; Baecklund, 2014). Risk factors
for the lymphoma developement in RA patients
are the same as those in the general population,
including increased age and male gender.
Histologically, diffuse large B cell lymphoma
(DLBCL) is the most frequent type of
lymphoma in patients with RA (Abasolo, 2008;
Baecklund, 2014; Hellgren, 2017; Baecklund,
2003). All types of DLBCL are associated with
an increased RA disease activity. Immuno-
globulin heavy chain clonality reduces survival
rate of DLBCL patients. The development of

lymphoma in patients with RA is associated
with the high disease activity (the disease
activity index-28 (DAS 28) for RA >5.7), as
well as with an immunosuppressive treatment,
which may result in the development of certain
lymphomas (Ichikawa, 2013; Baecklund, 2006).
It was confirmed that a proper control of the
disease activity reduces the risk of lymphoma
development (Ichikawa, 2013; Baecklund,
2006). The incidence of lung cancer in RA
patients is generally higher than in the general
population, especially in patients over 55 years
of age and it is more common in male,
especially in individuals with Fealty’s syndrome
(Baecklund, 2006; Baecklund, 2004). The
prognosis for survival of RA patients with lung
cancer is worse than in the general population
(Khurana, 2008; Joseph, 2016).

PRIMARY SJOGREN’S SYNDROME

The primary Sjogren’s syndrome (pSS) is
a chronic autoimmune disease characterized by
a progressive mononuclear cells infiltrations and
hyperreactivity of B cells with autoantibodies
production (mainly anti-SSA/Ro, anti-SSB/La
antibodies). The disease affects mainly exocrine
glands — salivary and lachrymal glands in
particular — causing xerostomia and xerophthal-
mia. The activity of B cells and other immune
cells increases the risk of development of
lymphoproliferative malignancies (LM) especially
lymphomas, the mucosa associated lymphoid
tissue (MALT) lymphoma being most common.

The pSS activity is evaluated with the EULAR
Sjogren’s syndrome disease activity index
(ESSDAI), based on the assessment of the
general, glandular and articular symptoms, immu-
nological findings and lymphadenopathy using
scoring system. In about 20-40% of patients with
pSS multiple organs and systems are affected,
resulting in a high ESSDAI score (Ramos-
Casals, 2014) — such patients have also a higher
risk of lymphoma development.

About 4-8% of patients with Sjogren's syn-
drome develop non-Hodgkin's lymphoma within
the first 10 years of disease duration. It is most
often localized in the main salivary glands.
Most lymphomas in pSS are MALT lympho-
mas. MALT lymphomas are usually slow-
growing and their course mild, with a 90% five-
year survival rate. Tertiary lymphoid structures
and transformation to lymphomas may be
present in a variety of organs, however the
parotid glands are quite common involved in it
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(Nocturne, 2016). Non-Hodgkin's lymphomas
usually occur in patients with enlarged salivary
glands, splenomegaly and lymphadenopathy,
although they can also develop in patients with
undiagnosed asymptomatic pSS. Palpable pur-
pura, peripheral neuropathy, glomerulonephritis,
low serum concentration of the C3 or C4
complement component and presence of cryo-
globulins (mixed cryoglobulinemia) are asso-
ciated with the high-risk of development the
lymphoproliferative process, what may concern
approximately 20% of all patients with pSS
(Nocturne, 2016; Swierkocka, 2008). Additio-
nally, a decreased humber of CD4 + lymphocytes
in blood and the index of CD4 / CD8 lympho-
cytes lower than 0.8 are significant risk factors
for the development of lymphoma (Swierkocka
2008). Even up to 80-100% of patients with
extraglandular symptoms occurring in the
course of pSS have monoclonal light chains or
monoclonal immunoglobulins present in serum
and / or urine, what may be a useful indicator of
lymphoproliferative disease development. B-cell
marginal zone lymphomas develop more fre-
quently in pSS than other lymphomas and
usually emerge in places with chronic inflam-
mation, often extranodally, in the lymphatic
tissue associated with the mucous membranes
(MALT), not only in the salivary glands, but
also at other sites e.g. stomach or lungs. T-cell
lymphomas occur much less frequently in pSS.
The prognosis for lymphoproliferative diseases
in pSS depends on the type of lymphoma that
develops. The MALT B cell lymphomas are
usually slow-growing course and the 5-year
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survival in this group of patients is over 90%
(loannidis, 2002; Theander, 2006; Zucca, 2000).
Certain lymphomas have a poor prognosis e.g.

giant cell B-cell lymphoma of the type of spilled
growth, which in some cases may be a result of
the transformation from MALT lymphomas.

SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is a chronic
inflammatory autoimmune disease, occurring
predominantly in young and middle-aged indi-
viduals, significantly more often affecting females
(female/male ratio of 10:1). The main
symptoms of this disease include skin lesions
(characteristic butterfly-shaped erythema, disc
erythema, hair loss), pleuritis, pericarditis and
proteinuria in kidney involvement (lupus
nephritis). Systemic lupus erythematosus may
also manifest itself through a wide spectrum of
immunological phenomena (including antiphos-
pholipid spectrum antibodies) and hematolo-
gical changes (leukopenia, lymphopenia, antihe-
molytic anemia, thrombocytopenia). The elevated
titer of antinuclear antibodies, with a homo-
genous nucleolar indirect immunofluorescence
(1F) pattern, is characteristic for SLE. Systemic
lupus erythematosus is also characterized by the
production of specific autoantibodies, mainly
anti double strand DNA antibodies (anti-dsDNA
Ab) and anti-Smith antibodies (anti-Sm), comple-
ment activation and emergence of deposits of
immune complexes. The autoantibodies can be
directed against almost any organ or system,
being responsible for a heterogeneous array of
clinical manifestations. The main causes of
morbidity and mortality in SLE are: infection,
cancer or other type of neoplasm, lympho-
proliferative diseases, renal failure, myocardial
infarction and central nervous system disease
(Choi, 2017).

Systemic lupus erythematosus is associated with
an increased risk of the development of diffe-
rent types of malignancies, including lympho-
proliferative diseases (non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, leukemia, multiple
myeloma), cancers of cervix, vagina/vulva,
bladder, esophagus, lung, oropharynx, larynx,
skin (non-melanoma) and renal, hepatobiliary
and thyroid cancers. In SLE the risk of Hodgkin
lymphoma is >3-fold; of myeloma and liver
cancer >2-fold; of cervical, lung, bladder and
thyroid cancers >1.5-fold; of stomach cancer

>1.3-fold higher than in a general population
(Song, 2018). Patients with SLE have a de-
creased risks of prostate cancer and cutaneous
melanoma and there is no significant associa-
tions between SLE and breast, uterus, ovarian,
pancreatic and colorectal cancers. Because the
ultraviolent sunlight exacerbates SLE activity,
patients generally avoid sun overexposure,
which may provide the benefit of a lower risk of
ultraviolet-related cancers like melanoma.
Several potential mechanisms could explain the
increased risk of malignancy development in
SLE patients. Patients with SLE have basic
defects in immune cell functions, resulting in an
immune dysregulation, which might prevent
aberrant cells from being removed. This poten-
tially contributes to an increased risk of neoplas-
mogenesis. The combination of a chronic
inflammation and genetic predisposition to an
impaired DNA repair may also contribute to the
increased DNA damage and a heightened risk of
malignancy in SLE patients. Some studies also
reported the existence of several important co-
stimulatory molecules, including OX40L and
CTLA4, which play crucial roles in both the
pathogenesis of SLE and carcinogenesis
(Clarke, 2021). CTLA4 predisposes to tumor
growth and / or progression and accelerates the
formation and / or manifestation of inflamma-
tory autoimmune disorders. Some auto-antibody
profiles may alter the malignancy risk, for
example, antiphospholipid antibodies are asso-
ciated with increased risk of all hematologic
neoplasms including NHL (Ghaderi, 2011; Dias,
2011). It has been shown that the risk of
hormone-sensitive neoplasms is reduced: breast,
uterine and prostate cancer (by 13%, 36% and
20%, respectively), which may also be the result
of autoantibody profile in particular patient. It
was demonstrated that the presence of cell-
penetrating anti-double-stranded DNA is asso-
ciated with areduced risk of breast cancer
(Hansen, 2012). The reduced risk of hormone-
sensitive cancers may also be a result of a lower
exposure to endogenous and / or exogenous
hormones.

SYSTEMIC SCLEROSIS

Systemic sclerosis (SSc) is a chronic autoim-
mune disease characterized by a skin and tissue
fibrosis with an increased activity of fibroblast
growth factors (FGFs) and inflammatory

activity, subsequent atrophy of the skin, sub-
cutaneous tissue and muscles. The inflammatory
process with fibrosis also takes place in internal
organs such as: esophagus, lungs, heart (inclu-
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ding the conduction system of the heart) and
kidney vessels and the central nervous system.
Although interstitial lung disease and pulmonary
fibrosis are the most common manifestations of
the extracutaneous organ involvement in SSc,
also the vasculopathy constitutes an important
clinical problem, as it can lead to ischemia of
extremities with digital ulcers and ischemia of
internal organs. There are two major types of
SSc based on the extent of skin involvement:
the limited systemic sclerosis (ISSc) with skin
thickening of the extremities (hands, legs) and
face accompanied by fibrosis of lungs and
esophagus and the diffuse systemic sclerosis
(dSSc) with skin lesions not restricted to any
specified locations. The prognosis is determined
by the type of the disease and the extent of
visceral involvement — the prognosis is better
for patients with ISSc. Death is most often caused
by lungs, heart and kidneys being affected. The
risk of developing cancer is for patients
suffering from SSc 1.5 to 4 times higher than
that of the general population (Weeding, 2020).
In SSc there is an overall increased risk of
a development of lung, liver and hematologic
malignancies, as well as an increased risk of
bladder cancer in women and non-melano-
matous skin cancer in men. This heightened risk
may be caused by a chronic inflammation and
tissue damage, or malignant transformation
provoked by immunosuppressive therapies. In
some subsets of SSc patients there is a close
temporal relationship between the onset of cancer
and SSc, suggesting that cancer is inducing
autoimmunity (Weeding, 2020) and in such
cases scleroderma should be considered a para-

neoplastic disease. There is a particularly
striking temporal connection between a breast
cancer and scleroderma. It was shown that
individuals with both cancer and SSc with anti-
POLRS antibodies have a significantly shorter
time interval between the onset of each of these
diseases, compared to the patients with anti-
topoisomerase 1 or anti-centromere antibodies.
Patients with anti-POLR3 antibodies have also
a robust nuclear expression of RNA polymerase
Il in their cancerous cells, which was not found
in healthy control tissues or in cancer cell from
the other antibody groups (Bruni, 2017). Cancer
is significantly more common in the anti-
POLRS positive group, particularly with respect
to cancers diagnosed within two years of sclero-
derma onset. It was also revealed that indi-
viduals with the presence of anti-POLR3
antibodies with a synchronous onset of cancer
and scleroderma were significantly older at the
time of SSc onset and more likely to have
diffuse cutaneous disease (Airo, 2011; Saigusa,
2015). The risk of a concurrent onset of non-
breast cancers and scleroderma is also signifi-
cantly higher in men than in women. Data
suggest that the risk of developing a cancer may
be related to the disease activity and organ
damage in SSc. Patients with SSc may have
a higher risk of esophageal cancer associated
with severe Barrett's esophagus and acid reflux,
of lung cancer associated with interstitial lung
disease (ILD), of hepatocarcinoma — especially
patients with primary biliary cirrhosis and of
thyroid cancer, in case of patients suffering
from autoimmune thyroiditis (Weeding, 2020).

IDIOPATHIC INFLAMMATORY MYOPATHIES

The idiopathic inflammatory myopathies (I11Ms)
are a group of relatively rare connective tissue
diseases, that can be divided into several sub-
types, such as polymyositis (PM), dermatomy-
ositis (DM), inclusion body myositis, antisyn-
thetase syndrome and immunemediated necro-
tizing myopathy (IMNM). Muscle weakness is
a common symptom of 1IM, but internal organs
may also be affected. Polymyositis and derma-
tomyositis usually occur in children between 5
and 15 years old and in adults between 40 and
60 years old, with DM being more common
than PM. Both PM and DM are characterized by
acute or subacute onset, symmetrical proximal
muscle weakness, the presence of infiltrating
mononuclear cells in histological examination
of muscle biopsy and by an increased activity of
muscle enzymes: creatine phosphokinase (CK),
alanine aminotransferase (ALT), transaminase
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aspartic acid (AST) and lactate dehydrogenase
(LDH) — as a result of a muscle damage. Studies
have identified numerous myositis-specific
autoantibodies (MSAs), which can be useful not
only in the diagnosis, but for the classification
of IIM as well. The antibodies targeting
aminoacyl-tRNA synthetases (Anti-Jo-1, anti-
PL-7, anti-PL-12, anti-EJ, anti-KS, anti-OJ,
anti-Ha, and anti-Zo) (McHugh, 2018) are
typical for antisynthetase syndrome, which is
characterized by myositis, interstitial lung
disease, arthritis, fever, Raynaud’s phenomenon
and mechanic’s hands. The antibodies specific
for dermatomyositis include Anti-Mi-2, anti-
MDAS5 (anti-CADM140), anti-TIF1 (anti-155/140,
anti-p155), anti-NXP-2 (anti-MJ) and anti-SAE.
Anti-MDAG5 antibodies are clinically associated
with amyopathic dermatomyositis developing
into rapidly progressive interstitial lung disease,
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while anti-TIF1 and anti-NXP-2 antibodies
correlate closely with a cancer-associated
dermatomyositis in adults. Anti-TIF1 and anti-
NXP-2 antibodies are predominant MSAs found
in juvenile dermatomyositis, especially with
a high incidence of calcinosis. Anti-SRP and
anti-3-hydroxy-3-methylglutaryl-coenzyme A
(anti-HMG-CoA) antibodies have been found in
patients with IMNM. The diagnosis of cancer-
associated myositis (CAM) can be posed if
cancer occurs within three years after or prior to
the diagnosis of inflammatory myopathy being
established (Moghadam-Kia 2020). Most of the
cancer cases emerge within a year of IIM
diagnosis, and the risk of malignancy decreases
over time (Li, 2021). The highest risk of
malignancy in IIM is observed in the course of
DM. The cancer risk factors in patients with
PM/DM include: an age over 60, male sex,
dysphagia, skin necrosis, cutaneous vasculitis,
rapid disease onset (< 4 weeks), elevated CK,
an increase in the ESR and a high level of C-
reactive protein. Additionally, patients with I1IM
and diabetes mellitus, have an increased risk of
developing a cancer. On the other hand, the
presence of arthritis, interstitial lung disease,
Raynaud's syndrome or anti-Jo-1 antibody
indicates less than average risk of developing
aneoplasm. In the course of IIMs, different
types of cancers have been observed, although
adenocarcinoma seems to be the most prevalent
tumor type, as it accounts for approximately
70% in CAM. Breast, lung, gastrointestinal,
cervical, ovarian, bladder, uterine, pancreatic and
prostatic tumors, as well as Hodgkin’s Iympho-

mas, are listed among the most frequent malig-
nancies associated with 1IM (Kardes, 2022).
The prevalence of cancers depends on the
subtype of myositis, as specific neoplasms
occur more frequently in patients with DM,
while others are predominantly diagnosed in
patients with PM. It was observed that the most
frequently detected tumors in patients with DM
include ovarian, pancreatic, colorectal and sto-
mach cancer, as well as non-Hodgkin’s lymphoma.
The relative risk of hematologic neoplasms was
found to be higher in PM than in DM, with non-
Hodgkin’s lymphoma being the most prevalent
malignancy, preceding lung and bladder cancers
(Marie, 2012). Patients with severe muscle
involvement are more likely to develop malig-
nant neoplasm, particularly those with marked
skeletal muscle weakness, involving distal ske-
letal limb muscles, respiratory skeletal muscles,
and esophageal muscle. Malignancy may be
associated with severe cutaneous lesions such as
cutaneous ulceration, skin necrosis and leuko-
cytoclastic vasculitis. It was also reported that
CAM patients presents periungual erythema,
violaceous and heliotrope rash, Gottron’s papules
and essential derangement of nailfold capillaries
(Requena, 2014). Biochemical and serological
test results may also indicate an increased risk
of cancer in MII patients, but in some studies
also those with lower levels of CK and LDH
had an increased risk of malignancy, if they
have elevated inflammatory markers such as
C-reactive protein and sedimentation erythrocytes
rate (Oldroyd, 2021).

POLYMYALGIA RHEUMATICA

Polymyalgia rheumatica (PMR) is an inflam-
matory disease in which pain and stiffness of
muscles of shoulders and hips occur, especially
in the morning. The most of patients who
develop polymyalgia are over 65 years of age
and according to classification criteria the PMR
diagnosis can be established for patients no
younger than 50 years old.

This condition is associated with another in-
flammatory disease called giant cell arteritis,
which causes inflammation of the arteries resul-
ting in headaches, vision problems, jaw pain
and scalp tenderness. It is possible for both
conditions to coexist at the same time. Poly-
myalgia rheumatica may be initially hard to
diagnose, although typically the lab results of
blood inflammatory markers are usually abnor-
mally high. In order to diagnose PMR, it is
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necessary to exclude a significant number of
other conditions, which may mimic the symptoms
of PMR, including rheumatoid arthritis and
numerous endocrine, infective and neoplastic
conditions (Dejaco, 2015). On the other hand,
PMR can repre-sent a paraneoplastic syndrome.
Comorbidities are very common in the age group
affected by PMR and therefore the coexistence
of one of these comorbidities with PMR should
not necessarily invalidate the diagnosis of PMR
itself. People with cancer experience some of
the symptoms associated with PMR, including
fever, weight loss, fatigue and loss of appetite.
Cancer risk among patients with PMR appears
unrelated to sex, age or smoking status, or even
to treatment with glucocorticosteroids. The data
suggest an increased risk in PMR of hemopo-
ietic malignancies and malignancies of the



Review and Research on Cancer Treatment
Volume 8, Issue 1 (2022)

lymphatic, genitourinary, nervous and female
reproductive systems (Muller, 2013). As the
cancer is more common in the general popu-
lation in the elderly and the symptoms can be
similar both in the PMR and in the course of

cancer, it is especially important, that every PMR
patient should also be carefully observed for
any indication of cancer development in the 6
months after the initial PMR diagnosis.

PSORIASIS ARTHRITIS

This form of arthritis usually develops years
after the initial diagnosis of psoriasis; however,
some joint problems may occur before or con-
currently with the observation of skin lesions.
Patients with psoriatic arthritis (PsA), similarly
to those suffering from RA, present mainly joint
pain, stiffness and swelling as main symptoms
of the disease. Psoriatic arthritis can affect any
part of the body where ligaments and tendons
connect to bone, including fingertips, spine and
sacroiliac joints, with the intensity of the disease
ranging from relatively mild to severe. Psoriasis
arthritis is classified as a type of seronegative
spondyloarthropathy. Approximately 40-50% of
individuals with psoriatic arthritis have the

human leukocyte antigen (HLA) B27 genotype.
The overall incidence of malignancy is higher in
patients with PsA than in the general popu-
lation. Patients with psoriasis appear to present
an increased risk of malignancies, particularly
keratinocyte cancer, lymphomas, bladder and
lung cancer (Muller, 2020). It was found that
patients with psoriasis are at an increased risk of
developing both non-Hodgkin and Hodgkin
lymphoma, it can be partly explained by an
increased risk of cutaneous T-cell lymphoma
(CTCL) in patients with psoriasis. In PsA
particularly the risk of developing keratinocyte
cancer is associated with an exposure to
sunlight.

ANKYLOSING SPONDYLITIS

Ankylosing spondylitis (AS) is a disease in
which an abnormal immune response triggers
chronic inflammation particularly in sacroiliac
joint, spine (longitudinal ligaments), as well as
in peripheral joints. Ankylosing spondylitis is
an HLA-B27-related disease, that predomi-
nantly affects adolescent men. It initially mani-
fests itself with pain in sacroiliac joints (with
inflammation confirmed with X-ray and MRI)
and spine involvement resulting in pain and
morning stiffness. This disease may also affect
heart, lungs and colon (AS is associated and can
coincide with the inflammatory bowel disease).
It can lead to complications such as eye
involvement (anterior uveitis, iridocyclitis) and

osteoporosis. Ankylosing spondylitis in combi-
nation with severe comorbidities is a risk factor
for the development of cancer in females and
males and is associated with a 14% increase in
the for overall risk of malignancy (Deng, 2016).
An oncological screening during the first 3
years following the diagnosis of AS provides
achance for an early detection of hema-
tological malignancies in males and females,
prostate cancer in males and colon cancer in
females. Young patients with a high disease
activity and long disease duration with high
activity of inflammation are particularly at this
risk (Chang, 2017).

ANCA-ASSOCIATED VASCULITIS

The anti-neutrophil cytoplasm antibody associated
vasculitides (AASVs or AAV-ANCA asso-
ciated vasculitis), which include granulomatosis
with polyangiitis (GPA) and microscopic poly-
angiitis (MPA), are characterized by a necro-
tizing inflammation of small blood vessels with
predilection for kidneys, lungs and nutrient
vessels of nerve fibers with symptoms of
peripheral neuropathy in most of the patients. In
course of AAVs any organ or system can be
affected. The ANCA-associated vasculitis are
rare multisystem autoimmune diseases, occurring
more frequently in men and in the older people.
AAV should be considered as a chronic disease
needing long-term immunosuppressive therapy.
The mortality remains high, and late death is due
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to infection (often secondary to immuno-
suppressive treatment), cardiovascular disease
and malignancy. Data suggest a standar-dized
incidence ratio of cancers in AAV of 1.6-2.0
compared to the general population and
a possibly higher risk in GPA than in MPA
(Mahr, 2013). The most prominent neoplasms
observed in AAV include leukemia and non-
melanoma skin cancer, urinary tract cancer.
Individual drugs may increase the development
of cancer in AAV among these the first place
belongs to cyclophosphamide due to its direct
carcinogenic properties. There was no signi-
ficant association between AASV and colon,
kidney, prostate and breast cancer (Shang,
2015). Some studies have shown AAV patients
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have an increased overall risk of malignancy
especially increased risks of site-specific cancers
such as lung cancer or hematological malig-
nancy. Men with AAV have an increased risk of
gallbladder cancer while women have increased

risk of bladder (Ahn, 2019). Regular monitoring
of cancers and if it is possible to minimize the
administration of immunosuppressive agents in
the treatment of AAV are necessary to improve
survival in AAV patients.

IGG4-RELATED DISEASE

IgG4-related disease (IgG4-RD) is a chronic,
systemic, inflammatory disease characterized by
elevation serum levels of 19gG4, infiltration of
1gG4 positive plasma cells, presence of pseudo-
tumors, multiorgan involvement with inflam-
mation and storiform. In the new classification
criteria for diagnosis of 1gG4-RD one of the
exclusion criteria is cancer (Wallace, 2020).
This disease entity is not yet fully understood
and the researched are also its dependencies,

inter alia, as a risk factor for the development of
certain neoplasms. At present, it has been
shown that with 1gG4-RD the overall risk of
neoplasms (especially lymphomas and pan-
creatic cancer) is increased (Yu, 2022).

The summarize of rheumatic diseases and asso-
ciated malignancy was presented in table 1.

Rheumatic disease

Type of cancer with an increased develop risk

Rheumatoid arthritis

Lung cancer, renal cancer, lymphomas (non-Hodgkin lymphoma; especially diffuse large B cell
lymphoma and HL)

Primary Sjogren’s
syndrome

Lymphoma (especially MALT lymphoma), B-cell non-MALT,
non-hematological cancers (thyroid, oral cavity, stomach)

Systemic lupus
erythematosus

Lymphoma, cervix, vagina/vulva cancer, renal and bladder cancer, esophagus and gastric cancer,
lung cancer, oropharynx and larynx cancer, non-melanoma skin cancer, thyroid cancer

Systemic sclerosis

Lung cancer, liver cancer, hematologic cancers overall, bladder cancer, non-melanomatous skin
cancer

Idiopathic inflammatory
myopathies

Breast cancer, lung cancer, gastrointestinal cancer, cervical and ovarian cancer, bladder cancer,
pancreatic and prostatic tumors, lymphomas

Polymyalgia rheumatica

Lymphomas, genitourinary cancers, nervous system cancer, hematological cancers, female
reproductive tract cancers

Psoriasis arthritis

Keratinocyte cancer, lymphomas, bladder cancer, lung cancer

Ankylosing spondylitis

Hematological malignancies, prostate cancer, colon cancer

ANCA-Associated
Vasculitis

Leukemia, non-melanoma skin cancer, urinary tract cancer, lung cancer, bladder cancer,
hematological cancers

1gG-4 related disease Lymphoma, pancreatic cancer

Some of the autoimmune rheumatic diseases
mentioned above are more closely related to the
development of neoplasms, such as Sjogren's
syndrome (mainly non-Hodgkin lymphoma)
and scleroderma or dermatomyositis, which
may be tumor revelators. Particular diagnostic
vigilance should be shown in the case of unclear
syndromes imitating the symptoms of rheumatic
disease. All "gaps" in meeting the classification
criteria, often the lack of a typical immune
profile, with the presence of autoantibodies
closely associated with the neoplastic process,
such as TIF-1 in systemic sclerosis or anti-TIF1,
anti-NXP-2 antibodies in dermatomyositis or
polymyositis.

Some variables may be factors that increase the
risk of neoplasms in rheumatic diseases, such as
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older age of patients, longer-lasting disease,
lymphadenopathy or purpura and multi-organ
involvement. Some immunological deviations
are more strongly associated with the develop-
ment of neoplasms, especially hematological:
leukopenia, raised levels of BAFF and beta2-
microglobulin, cryoglobulins, monoclonal band,
and hypocomplementemia.

Disease-related risk factors may overlap with
population risk factors, both physical, chemical
and biological with mutagenic effects, such as
cigarette smoking, radiation exposure, environ-
mental pollution, exposure to aflatoxins, nitrates,
aromatic amines, coal combustion products or
asbestos. Viruses play a special role among
biological factors.
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TREATMENT OF AUTOIMMUNE RHEUMATIC DISEASES AND MALIGNANCY

In discussion about malignancy and RD the
immunosuppressive  and  immunomodulatory
treatment also should be considered as a factor
influencing cells and immune system toward
tumorigenesis. However, anti-inflammatory
properties of different disease modifying anti-
rheumatic drugs (DMARDSs) in general have
positive effect on disease activity and on this
way should lowering risk of malignancy. Some
of drugs have unique abilities and even positive
effect on autoimmune disease may enhance this
risk.

We take into account that some drugs are use in
severe and life-threatening stage of the disease
such as cyclophosphamide (CyC) which parti-
cularly use in severe diseases complications
such as: vasculitis, central nervous system
involvement. This risk may cumulate along with
disease activity and higher immune system
dysregulation.

In table 2 the main drugs used in the treatment
of AIRDs, and their potential risk of triggering
malignancy are presented.

The risk of cancer in connection with drugs used in the treatment of rheumatic diseases

Cyclophosphamide

bladder cancer, non-melanoma skin cancer, lymphoma and leukemia;

Methotrexate

overall skin cancer risk is increased, especially risk of squamous cell skin cancer; lung cancer, NHL;

Glucocorticosteroids

overall glucocorticosteroids do not increase malignancy risk; generally, glucocorticosteroids use
appears to decrease lymphoma risk;

Leflunomide pancreatic cancer;

Cyclosporine lymphoma, skin cancer;

Azathioprine lymphoma, leukemig;

TNF inhibitors * skin cancer, lymphoma;

Rituximab (anti-CD-20)

no evidence of increased risk of malignancy;

Tocilizumab (anti-1L-6)

no evidence of increased risk of malignancy;

JAK inhibitors

an increased risk of non-melanoma skin cancer with use of the tofacitinib 10-mg dose;

* There are studies presented that treatment with TNF antagonist of RA patients was associated with a lower risk of cancer, but not
for hematologic cancers in comparison of RA patients taking non biological DMARDs (Wu, 2016).

Glucocorticosteroids (GCs) are often used drugs
in treatment of AIRDs, in some diseases they
are primary drugs and equivalent in combi-
nation therapy (PM, SLE, IgG4-RD), in some
they are adjunctive therapy for inhibition of
inflammation (RA).

There are also signs that, apart from the obvious
metabolic complications of GCs that they may
increase the risk of cancer, but this has not been
shown to be statistically significant, some

studies have indicated a certain risk of basal
skin cancer or breast cancer, but this is subject
to further discussion. As well as GCs are often
used in combined therapy of cancers. At the
same time, the lack of response to GCs may be
a signal of an atypical course of the disease,
incorrect diagnosis and a signal for diagnosis to
exclude the neoplastic process. This applies
especially to rheumatic polymyalgia, SLE, DM
/ PM or dependent 1gG4 disease.

THE OTHER SIDE OF THE COIN — RHEUMATIC DISEASES DURING MALIGNANCY AND AFTER
ONCOLOGICAL THERAPY

Autoantibodies associated with autoimmune
rheumatic diseases may appear in the serum of
cancer patients. The most common are anti-
nuclear antibodies (ANA) and rheumatoid factor,
as well as dsDNA, histones, anti-SS-A / Ro and
anti-SS-B / La antibodies, Sm and RNP anti-
bodies (Solans-Laqué, 2004). Similarly antipho-
spholipid autoantibodies (aPL) were also found.
The latter have been shown to significantly
increase the risk of thrombosis in cancer
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patients. Patients with hematological neoplasms
such as myeloma or lymphomas often have
rheumatoid factor and cryoglobulins present.
The occurrence of autoantibodies may also be
associated with the occurrence of paraneoplastic
syndrome in the form of rheumatic disease, as
already mentioned, especially in the case of
dermatomyositis, polymyositis, vasculitis, and
systemic sclerosis. In some cases, the clinical
components of neoplastic disease and rheumatic
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disease overlap, such as, for example, auto-
immune hemolytic anemia and thrombocyto-
penia. In conclusion, tumor-induced immune
dysregulation may influence the development of
autoimmune phenomena and autoimmune
rheumatic disease symptoms over time. Patients
with hematological neoplasms such as myeloma
or lymphomas often have rheumatoid factor and
cryoglobulins present (Bei, 2009; Szekanecz,
2006).

Oncological treatment can induce symptoms of
rheumatic disease in a variety of ways. One of
the most frequently mentioned drugs used in
cancer therapy that can induce autoimmune
phenomena is cyclophosphamide combined
with methotrexate, fluorouracil or doxorubicin
(Abu-Shakra, 2001). In addition to joint and
muscle pain, arthritis and tenosynovitis have
been reported following this treatment.

Oncological drugs such as bleomycin, vinbla-
stine and cisplatin may trigger the Raynaud's
phenomenon (Abu-Shakra, 2001; Vogelzang,
1981). After 5-fluorouracil, digital ischemia and
necrosis may occur. These drugs can cause SSc-
like disease, especially bleomycin, then with
thickening of the skin and lung fibrosis.

In this context, much attention is currently paid
to checkpoint inhibitors aimed at the inhibition
of CTLA-4 and PD-1 receptors and are
nowadays an element of cancer therapy among
others: melanoma, breast cancer, Hodgkin
lymphoma, bladder and renal cell cancer and
skin cancer. These drugs enhance the patient's
immune system, resulting in the destruction of
tumor cells (Menzies, 2017).

In group of patients with previous autoimmune
disease the disease flare during checkpoint
inhibitor therapy was observed especially in
psoriasis/psoriatic arthritis (in 68% of patients)
and rheumatoid arthritis (in 65%) (Lidar, 2018).
However also autoimmunity may develop in
patients without previous autoimmune disease
(autoimmune side effect) and it was more
frequently observed in a group treated with first
approved checkpoint inhibitor — ipilimumab
(79%) (Tison, 2019). In this group colitis,
pituitaritis, vitiligo, or thyroiditis were described
(Tison, 2019). The development of autoimmune
rheumatic disease is rare, however psoriasis/
psoriatic arthritis (in 68% of patients) and
rheumatoid arthritis (in 65%) were reported
(Day, 2016). Arthralgia or arthritis are the most
often described symptoms during checkpoint
inhibitors treatment.

CONCLUSIONS

In AIRDs diagnostics, differentiation from the
neoplastic process may be necessary, especially
in the case of an atypical course of an auto-
immune disease or known connection between it
and the occurrence of a specific type of
neoplasm. In addition, the individual predispo-
sition of the patient, the influence of environ-
mental factors or the effect of the applied
immunosuppression are additional factors favo-
ring the development of cancer. Some of the
rheumatic diseases are particularly associated
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