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Abstract: The connection between autoimmune disease (AID) and lymphoproliferative disorders is a
complex bidirectional relationship that has long been a focus of attention by researchers and physicians.
Although advances in pathobiology knowledge have ascertained an AID role in the development of
lymphoproliferative diseases developing, results about AID influence on the prognosis of lymphoma
are discordant. In this review, we collect the most relevant literature debating a direct or indirect
link between immune-mediated diseases and lymphoma prognosis. We also consider the molecular,
genetic, and microenvironmental factors involved in the pathobiology of these diseases in order to
gain a deeper understanding of the nature of this link.
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1. Introduction

Lymphomas are a heterogeneous group of lymphoproliferative diseases with differences in
lymphocyte origin, biological development, clinical signs, and outcome. In fact, they arise from
lymphocytes at various stages of development, and the characteristics of the specific lymphoma
subtype reflect those of the cell from which they originated [1].

Autoimmune disease (AID) emerges from an aberrant immune system response to self-antigen,
that damages tissues and organs. In many cases, the etiology of these pathologies is unclear,
although it is assumed to be multifactorial with both genetic and environmental contributions. It is
essential to distinguish AID arising from B and T cells. The first group includes myasthenia gravis,
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and Sjögren syndrome (SS); the second
diseases such as dermatopolymyositis, inflammatory bowel diseases, multiple sclerosis, sarcoidosis,
and type 1 diabetes mellitus [2].

The association between AID and lymphoproliferative disorders is now well known, even if the
biological causes have not yet been entirely clarified. In this context, the most studied association is
that with chronic lymphocytic leukemia (CLL) [3]. Several epidemiological studies have shown an
increased risk of lymphoma associated with AID (e.g., SS, RA, SLE, celiac disease, etc.) [4], and in
particular, an association between AID mediated B cells and non-Hodgkin lymphoma (NHL) (primarily,
diffuse large B cell lymphoma) and between AID-mediated T cells and T-cells lymphomas [5]. In this
review, we mainly focus on AID as a prognostic factor in patients affected by lymphoma without
considering CLL, because, in this latter lymphoid disease, the prognostic role is clear.

The distribution of AID within NHL subtypes shows a high correlation between SS and B-cell
NHL (in particular, the most frequent is diffuse large B-cell lymphoma (DLBCL)) and systemic
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vasculitis, celiac disease and T-cell lymphoma, SS and marginal zone lymphoma (MZL), SS, AHIA and
angioimmunoblastic T-cell lymphoma (AITL) [6]. In Hodgkin lymphoma (HL), RA, and SLE, were the
most common AID [7]. However, discordant results have been reported regarding the lymphoma
subtypes most frequently associated with AID. In a case-control study among NHL adult patients,
AID was most common in MZL (23.1%), followed by DLBCL (22.5%) and follicular lymphoma (FL)
(20.7%) [8].

2. Pathophysiology of the Connection between AID and Lymphoma

A clear link between the inflammatory activity cumulative burden and the lymphoma risk has
been demonstrated [9]. In this context, a crucial role is played in the inflammatory process and
its self-maintenance by cytokines such as interleukin-2 (IL-2), IL-5, IL-6, IL-10, and tumor necrosis
factor-α (TNF-α). Specifically, IL-10 is relevant because the presence of high levels of this cytokine can
alter the delicate balance existing between T helper 1 (Th1) and 2 (Th2) lymphocytes. In this regard,
Khanmohammad et al. [10] showed that the presence and contribution of cytokines are essential,
especially for specific gene polymorphisms.

On the other hand, autoimmune conditions are more frequent during the lymphoma course
(e.g., autoimmune cytopenias). Although this has been largely confirmed, the pathogenic mechanisms
of this association are unclear. It has been suggested that antigen stimulation and chronic inflammation
during autoimmune disease could expose the lymphoid cell to a higher risk of genetic events, leading to
clonal expansion and, consequently, lymphoma development [11]. Other theories focus on the role of
immunosuppressive therapies and environmental factors [12]. In detail, the use of steroids could not
only have a role in lymphoma onset, but also a negative impact on disease prognosis (e.g., the use of
steroids could retard lymphoma diagnosis, hiding the symptoms). In the case of AID onset during the
lymphoma course, literature data suggest that impaired cellular and humoral-mediated immunity,
which are often present in patients with lymphoma, and anti-red cells and platelets antibodies
production by lymphoma cells, might promote the development of autoimmune alterations in this
population [5,13].

Moreover, in an interesting study by Kuksin’s group [14], a primary role of the NOTCH1 and
NOTCH2 pathways, that are usually deregulated in both diseases, was hypothesized. NOTCH receptor
is involved in numerous cellular processes, including T cells maturation, so its dysfunction could affect
both processes. In cases where the NOTCH pathway is chronically active, a permanent inflammatory
state is created that can damage the immune system and determine oncogenic events, triggering the
lymphomagenesis process (Figure 1).

It has also been proposed that the Fas receptor could be involved in both the development of
AID and of lymphoproliferative diseases since, under physiological conditions, it is responsible for
triggering the apoptosis process of self-reactive B and T lymphocytes. Therefore, a down-regulation of
the Fas gene would make the self-reactive cells resistant to this process [10] (Figure 1).

A profound link between AID and lymphoma could also be via clonal hematopoiesis (CH).
CH is a phenomenon caused by the acquisition of one or more mutations in hematopoietic stem cells
(HSCs) that confers a replicative advantage; thus, in these circumstances, a population of mutated
mature blood cells is produced, defined as a clone. When this clone reaches 2% of variant allele
frequency, detected by next-generation sequencing technologies, the phenomenon is defined as CH of
indeterminate potential (CHIP). There is growing evidence of a correlation between CHIP and the
development of hematological malignancies (mainly myeloid) and other non-neoplastic diseases [15].
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Figure 1. The interdependent relationship between AID and malignant clone evolution. The high
burden of inflammatory activity could prepare for the acquisition of genetic events in HSC and
progression to lymphoid malignancy. Conversely, the impaired immune-response that affects the
lymphoproliferative disorders and the production of autoreactive antibodies by lymphoma cells leads
to AID onset. Alterations of the NOTCH and FAS pathways, involved in the maturation and survival
process of lymphocytes, could trigger both diseases. AID, autoimmune disease; HSC, hematopoietic
stem cells; TNF-ALFA, tumor necrosis factor-alfa.

Apart from gene mutations, the primary mechanism involved in the development of CHIP seems
to be inflammation; in fact, there is evidence of an association with high levels of cytokines, such as
IL-6, IL-8, and TNF-α. Another significant association is with age, which could be explained both by
an increased risk of gene mutations as HSCs proliferate, and by a phenomenon called “inflammaging,”
namely a state of low-grade inflammation caused by modifications of cytokines production (mainly
pro-inflammatory) occurring together with the aging process [15]. The relationship between CHIP and
inflammation seems to be bidirectional. There is evidence that, in the context of CHIP, mutated-HSCs
have a superior replicative capacity and resistance to apoptosis compare to wild-type HSCs when
exposed to inflammatory stimuli. This could cause an increased pool of mutated circulating leukocytes
and an abnormal production of pro-inflammatory cytokines that could act on mutated-HSCs and
further promote clone expansion. These events suggest that AID, through inflammation, could boost
CHIP development resulting in the production of mutated lymphocytes that could eventually cause
lymphoproliferative disorders but also that CHIP could be the “primum movens” of both the impaired
immune function that leads to AID and lymphomagenesis (Figure 1). Husby et al. [16] demonstrated
an association in lymphoma patients undergoing autologous stem cell transplantation who presented
CHIP, with a mutation in the DNA repair gene pathway of (such as PPM1D, TP53, RAD21, and
BCRCC3) and a worse late overall survival (OS) and event-free survival. In detail, 80% of patients
who presented this condition died during the follow-up. In more than half of them, death was
caused by adverse events, such as infection and the development of a therapy-related neoplasm. It is
interesting to note that the association between CHIP and inflammation is not confirmed for every
inflammatory condition, e.g., RA, which could indicate a potential role of anti-inflammatory drugs in
suppressing CH [17]. Therefore, further examination of the complex biological processes (responsible
for both conditions) could lead to a better understanding of the clinical pathologies, thus increasing
the possibility of adopting a specialized medicine approach.

3. Timing of AID in the Lymphoma Course

It is known that AID can arise before, during, or after the diagnosis of NHL. In a large retrospective
study, it was demonstrated that the diagnosis of AID was antecedent to lymphoma onset in 65% of
patients, concomitant in 27% of cases, and subsequent in 7% of patients. Furthermore, it was found that
psoriasis and RA were mostly pre-existing conditions. In contrast, the AID diagnosed more frequently
during or after lymphoma were immune cytopenias, such as autoimmune hemolytic anemia (AIHA),
immune thrombocytopenia (ITP), and SS [18]. It is noteworthy that NHL patients with pre-existing
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AID diagnosis and a previous steroid therapy had a worse survival [6]. Finally, it has been reported
that in NHL autoimmunity preceded the lymphoma diagnosis, but in HL the autoimmunity developed
mainly after the treatment of malignancy [19].

4. Lymphoma, AID, and Outcome

It has been reported that specific autoantibodies can have a role in the pathogenesis and prognosis
of lymphoma. In fact, 26% of patients with aggressive NHL, and 38% with HL were reported to have
serum positivity to anti-phospholipid antibodies, and a worse prognosis [18].

Ludvingson et al. [20] analyzed the prognosis of a vast number of patients with lymphoma and
celiac disease vs. patients affected by lymphoma only. It was demonstrated that the coexistence of the
two affections defined a worse outcome, but only in the first year after lymphoma diagnosis. It emerged
that the cause of this result was the lymphoma subtype more frequently associated with celiac disease
(T-cell lymphoma).

In a Swedish retrospective study [21], conducted in the pre-rituximab era, a set of 1523 patients
affected by NHL was analyzed. Among them, 6% had a previous history of AID, principally AR, SS, SLE,
and Hashimoto’s thyroiditis (HT); in this subset, at diagnosis of the onset of lymphoma, male patients
with more advanced disease were those most commonly affected. It was noteworthy that the worse
outcome was due to an increased non-lymphoma-correlated risk of death, suggesting that patients
with AID were more susceptible to serious, potentially life-threatening therapy-related side effects.

In another study conducted during the rituximab era, a decrease in relapse-free survival (RFS)
and OS was observed in patients affected by B-cell NHL and B-lineage related AID; moreover, AID was
associated with a poorer OS and RFS in DLBCL [8].

In a retrospective study, 2884 patients were analyzed; among them, 240 (8.3%) had a concomitant
AID. The patients whose well-characterized AID diagnoses, such as SLE, SS, and RA, had been made
10 years or more before the lymphoma onset were excluded. Among the 108 patients included,
71.3% had autoimmune cytopenias, 10.2% Guillain Barrè syndrome (GBS), or other neurological
diseases, 6.5% kidney diseases, 5.6% systemic vasculitis. As compared with other lymphoma patients,
the patients with AID were older, more frequently had CLL, and their 5-year OS was 65% (vs. 79%) [22].

The above results are in conflict with other reports in the literature; for example, Hu et al. [6]
found no OS differences between NHL patients with and without AID, and that the only factor linked
with a worse outcome of these patients was previous corticosteroid therapy. Another interesting
study conducted by Mikuls et al. [23] analyzed the impact on survival of lymphoma that arose in
the context of RA. In this report, all patients whose diagnosis of RA was subsequent to the onset of
lymphoma were excluded from the analysis; finally, 65 cases of lymphoma with RA were identified and
compared with 1530 non-RA controls matched for age, sex, lymphoma type, diagnosis-to-treatment
lag time and calendar year of treatment (between 1984 and 2002). The OS was not statistically different
between RA patients and controls, but RA patients presented a reduced risk of progression, relapse,
and lymphoma-related death. This favorable impact on prognosis was offset by a two-fold increased
risk of death from causes unrelated to lymphoma.

5. Outcome in Patients with HL and Pre-Existing AID

A very high incidence of AID associated with HL is described in the literature. A retrospective
Swedish study [7] that assessed survival pattern in patients with HL with and without a history of
pre-existing AID found a worse outcome in the former; in fact, the 5-year OS was 46% versus 63.3%,
and the 10-year OS was 41% versus 51.9%. The study also found that the presence of AID in HL patients
had more influence on females compared to males (excess relative risk of death was 1.8 versus 1.7).
In this subset of patients, the most common causes of death were lymphoma for female patients (72%)
and therapy-related complications for male patients (68%). Moreover, cardiovascular deaths were more
common in patients with a history of RA. These results are in contrast with another study in which only
patients with Bechet’s disease and pernicious anemia had an increased mortality due to subsequent
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HL [24]. Although autoimmune cytopenias are rare paraneoplastic events in HL patients, they are well
described in the literature. In fact, it is known that AIHA and ITP can occur in all HL subtypes (the
most frequent is mixed cellularity subtype), that they happen more frequently in advanced disease
(stages III/IV and bone marrow involvement) and older HL patients [25]. Nonetheless, no differences
in terms of survival came out from comparisons between HL patients with and without autoimmune
cytopenias [26].

6. DLBCL and Autoimmunity

DLBCL is the most widespread NHL subtype in the world. It is known that, like other NHL
subtypes, B-cell mediated AID is an essential risk factor for DLBCL onset, but the data concerning
the role of their association in the DLBCL outcome are contradictory. Analyzing the DLBCL outcome
influenced by concurrent AID, Koff et al. [27] demonstrated a decreased lymphoma-related mortality
in patients with SLE and DLBCL compared with DLBCL patients without AID, but this difference was
not statistically significant. In another retrospective study conducted by a Swedish study group [28],
it emerged that DLBCL patients with AID mediated by B-cell activity (with the exclusion of thyroid
disorders) had a worse OS, but this seemed to affect only women. Moreover, the AID group more
often had neutropenic fever (NF) after the first treatment, and those with NF presented a worse OS.
Other studies, conducted in the pre-rituximab era, demonstrated an association between the presence
of RA and the specific DLBCL cell of origin (COO) type. In detail, it was shown that the majority of
RA-related DLBCLs belonged to the non-germinal center (GC) subtype and that these DLBCLs were
characterized by an advanced disease stage at presentation and a worse prognosis than DLBCLs of the
GC subtype (5-year OS 16% versus 33%) [29].

7. Mantle Cell Lymphoma and Autoimmunity

Mantle cell lymphoma (MCL) is an aggressive lymphoid neoplasm that arises from mature B cells
in GC of lymph nodes or bone marrow. Even though many NHL subtypes are frequently associated
with autoimmunity phenomena, MCL rarely coexists with this latter; it is thought that the receptor
editing mechanism could explain this discordance [30]. In literature, only the association between
MCL, AIHA, and ITP are counted: it was observed that in the context of MCL, AIHA could develop
more frequently in patients with indolent leukemic non-nodal disease, and suggested that this disease
presentation could share some biological and pathogenic features with classical CLL, favoring the
occurrence of hemolysis. Surprisingly, it was noted that concomitant AIHA in MCL is associated with
early lymphoma progression, which is correlated with poor outcome [31]. However, the small number
of cases reported does not allow us to reach any definite conclusion.

8. Marginal Zone Lymphoma and Autoimmunity

MZL is an indolent subtype of lymphoma, which includes three distinct entities: extranodal
marginal zone of mucosa-associated lymphoid tissue lymphoma (ENMZL), splenic marginal zone
lymphoma (SMZL), nodal marginal zone lymphoma (NMZL). It is strongly believed that these entities
arise from chronic activation of the immune system, which is typical in some AID. In particular,
the studies note the link between pre-existing SS, HT, SLE, and ENMZL of salivary glands,
primary thyroid lymphoma, and ENMZL of MALT-type, respectively [3,32]. Regarding the association
between MALT lymphoma and AID (such as SS, RA, and SLE) it was reported that the presence of this
latter had no influences in the outcome of these patients in terms of overall relapse rate [33]. Conversely,
hematological autoimmune manifestations, such as ITP and AIHA, are frequent complications that
become ongoing during the lymphoma course. These manifestations are documented in about 10–15%
of SMZL and ENMZL patients [34], in particular, it emerged that the connection between AHIA and
splenic lymphoma with villous lymphocytes was strong and that the most of these patients had warm
antibody-AHIA [35]. Very little is known about the prognosis of this association. Disease prognosis
worsens with transformation to a high-grade lymphoma (OS at 5 years 44%); this occurrence is
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associated with high lactate dehydrogenase (LDH) levels, which could be secondary to hemolysis,
low serum albumin, and the ongoing autoimmune cytopenias [36]. In addition, authentic autoimmune
conditions have been linked to the use of rituximab as a single agent and also of nucleoside analogs.
In particular, rituximab and fludarabine treatment are associated with late-onset neutropenia (LON)
and AIHA, respectively. Therefore, it is possible that the use of these agents may further exacerbate
existing immune alterations in MZL.

9. T- Cell Lymphoma and Autoimmunity

There are very little data regarding the role of AID in T-NHL prognosis. Nevertheless,
many scientific works about their association have been published in literature. It is known that
T-NHL lymphomas are usually associated with AID that ranges from autoimmune cytopenias to
rheumatologic and cutaneous autoimmune disorders. This circumstance could be imputed to the
increased B-cell activation resulting from an aberrant proliferation of follicular helper T cells [37]. In a
multicentric retrospective study, it was demonstrated that patients with AITL and AID more frequently
had spleen (54% vs. 19%) and bone marrow involvement (71% vs. 34%), together with higher gamma
globulin titers (23 g/dL vs. 15 g/dL) than patients with AITL only [38]. However, despite these being
negative poor prognostic factors, median OS was 77 months and median PFS was 12 months in the
AITL with AID group versus 33 months and 11 months in the control group.

10. Discussion

Autoimmune conditions such as RA, LES, SS, and celiac disease are defined as a risk factor for the
development of lymphoma. The lymphomagenesis mechanism is still unclear, but chronic activation
of the immune system and immunosuppressive drug action is hypothesized to have a significant
role. Nevertheless, further studies are needed to determine whether lymphoma arising in the context
of an autoimmune condition could constitute a distinct biological subtype with a different outcome.
As regards autoimmune manifestations diagnosed after lymphoma onset, they could be the expression
of an impaired immune-response caused by the lymphoma, and their impact on prognosis could
be related to treatment-tolerability, especially in the case of autoimmune cytopenias. In this regard,
recently, a study demonstrated in NHLs a relationship between imbalances in helper/suppressor T-cell
populations and the development of auto-antibody production after chemotherapies [39].

A new field of research is focused on a possible role of CHIP in lymphomagenesis, as well as in the
development of autoimmune conditions. In view of the fact that CHIP constitutes a risk factor for the
development of inflammation, in the future, it could be regarded as a surrogate biomarker in patients
affected by AID diagnosed with lymphoma, and also as a possible therapeutic target. In conclusion,
it is not yet possible to define autoimmunity as a prognostic factor of lymphoma, and the correlations
mentioned above warrant further studies. Moreover, the results of the various studies presented are
sometimes contradictory (Table 1).

However, it is necessary to take into account the impossibility to compare these data because of
the different inclusion criteria of patients with AID, the different patients selection (e.g., by telephone
interview or hospital discharge diagnosis), which could overestimate or underestimate the real presence
of an autoimmune condition, and also the relative frequency of patients affected by both diseases.
Another critical difference among the studies is the change that occurred in lymphoma treatment in the
last decades, since the use of rituximab. This latter is also a treatment for some of the autoimmune
conditions mentioned above and could partially explain the difference in OS noted between the more
dated studies as compared with the recent ones.
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Table 1. AID role in the prognosis of lymphoma by subtypes.

Lymphoma
Subtype AID Documented Role of Aid in

Lymphoma Prognosis Comments

HL RA, SLE Yes

HL patients with AID 5-y OS 46% (vs. 63.3%); 10-y
OS 41% (vs. 51.9%). In female patients the most
common cause of death was lymphoma (72% of
cases) [13].

Bechet’s disease, PA
AHIA, ITP

No
No

The mortality is increased due to lymphoma only in
Bechet’s disease and pernicious anemia [24].
No difference in terms of OS came out from
comparisons between HL patients with and without
autoimmune cytopenia [26]

DLBCL
Thyroid disease

RA, B-cell mediated
AIDs

Yes

No difference in EFS or OS between the two groups,
but female patients with primary AID (thyroid
disorders excluded) had a worse OS [20].
Post-rituximab era.

RA Yes

The majority of RA-related DLBCLs belong to the
non-GC subtype and had a worse prognosis than the
GC subtype [29].
Pre-rituximab era.

RA, SLE,SS No
Low LRS in patients with SLE and DLBCL compared
with other groups (but not statistically relevant) [5].
Pre-rituximab era.

MCL Autoimmune
cytopenia No

The contingency of AIHA in MCL is associated with
early lymphoma progression, which is correlated
with poor outcomes. (too small sample size) [28].

MZL
RA, SLE, SS

Autoimmune
cytopenia

No
No

The presence of AID has no significant influence on
the long term clinical course of MALT lymphoma [33]
The occurrence of autoimmune cytopenias during
MZL is a sign of transformation to a high-grade
lymphoma [30].

HL, Hodgkin lymphoma; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; AID, autoimmune disease;
OS, overall survival; PA, pernicious anemia; DLBCL, diffuse large B-cell lymphoma; EFS, event-free survival;
GC, germinal center; SS, Sjögren syndrome; MCL, mantle cell lymphoma; AIHA, autoimmune hemolytic anemia;
MZL, marginal zone lymphoma; MALT, mucose-associated lymphoid tissue.

Author Contributions: Conceptualization, P.M. (Pierluigi Masciopinto), G.D., R.D.R., F.A.; writing—original draft
preparation, P.M. (Pierluigi Masciopinto), G.D., R.D.R., F.A.; writing—review and editing, P.M. (Pierluigi Masciopinto),
G.D., R.D.R., G.S., P.M. (Pellegrino Musto), F.A.; supervision, F.A. All authors have read and agreed to the final version
of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank the “Associazione Italiana contro le Leucemie (AIL)-BARI”.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lim, M.S.; Bailey, N.G.; King, R.L.; Piris, M. Molecular Genetics in the Diagnosis and Biology of Lymphoid
Neoplasms. Am. J. Clin. Pathol. 2019, 152, 277–301. [CrossRef] [PubMed]

2. Hayter, S.M.; Cook, M.C. Updated assessment of the prevalence, spectrum and case definition of autoimmune
disease. Autoimmun. Rev. 2012, 11, 754–765. [CrossRef] [PubMed]

3. Fattizzo, B.; Barcellini, W. Autoimmune Cytopenias in Chronic Lymphocytic Leukemia: Focus on Molecular
Aspects. Front. Oncol. 2020, 9, 1435. [CrossRef] [PubMed]

4. Smedby, K.E.; Vajdic, C.M.; Falster, M.; Engels, E.A.; Martinez-Maza, O.; Turner, J.; Hjalgrim, H.; Vineis, P.;
Costantini, A.S.; Bracci, P.M.; et al. Autoimmune disorders and risk of non-Hodgkin lymphoma subtypes:
A pooled analysis within the InterLymph Consortium. Blood 2008, 111, 4029–4038. [CrossRef] [PubMed]

5. Smedby, K.E.; Hjalgrim, H.; Askling, J.; Chang, E.T.; Gregersen, H.; Porwit-MacDonald, A.; Sundström, C.;
Åkerman, M.; Melbye, M.; Glimelius, B.; et al. Autoimmune and chronic inflammatory disorders and risk of
non-Hodgkin lymphoma by subtype. J. Natl. Cancer Inst. 2006, 98, 51–60. [CrossRef]

6. Hu, S.; Zhou, D.; Wu, Y.; Zhao, Y.; Wang, S.; Han, B.; Duan, M.; Li, J.; Zhu, T.; Zhuang, J.; et al. Autoimmune
disease-associated non-Hodgkin’s lymphoma—A large retrospective study from China. Ann. Hematol. 2019,
98, 445–455. [CrossRef]

http://dx.doi.org/10.1093/ajcp/aqz078
http://www.ncbi.nlm.nih.gov/pubmed/31278738
http://dx.doi.org/10.1016/j.autrev.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22387972
http://dx.doi.org/10.3389/fonc.2019.01435
http://www.ncbi.nlm.nih.gov/pubmed/31998632
http://dx.doi.org/10.1182/blood-2007-10-119974
http://www.ncbi.nlm.nih.gov/pubmed/18263783
http://dx.doi.org/10.1093/jnci/djj004
http://dx.doi.org/10.1007/s00277-018-3515-2


J. Clin. Med. 2020, 9, 3403 8 of 9

7. Landgren, O.; Pfeiffer, R.M.; Kristinsson, S.Y.; Björkholm, M. Survival patterns in patients with Hodgkin’s
lymphoma with a pre-existing hospital discharge diagnosis of autoimmune disease. J. Clin. Oncol. 2010,
28, 5081–5087. [CrossRef]

8. Kleinstern, G.; Averbuch, M.; Abu Seir, R.; Perlman, R.; Ben Yehuda, D.; Paltiel, O. Presence of autoimmune
disease affects not only risk but also survival in patients with B-cell non-Hodgkin lymphoma. Hematol. Oncol.
2018, 36, 457–462. [CrossRef] [PubMed]

9. Baecklund, E.; Iliadou, A.; Askling, J.; Ekbom, A.; Backlin, C.; Granath, F.; Catrina, A.I.; Rosenquist, R.;
Feltelius, N.; Sundström, C.; et al. Association of chronic inflammation, not its treatment, with increased
lymphoma risk in rheumatoid arthritis. Arthritis Rheum. 2006, 54, 692–701. [CrossRef]

10. Khanmohammadi, S.; Shabani, M.; Tabary, M.; Rayzan, E.; Rezaei, N. Lymphoma in the setting of autoimmune
diseases: A review of association and mechanisms. Crit. Rev. Oncol. Hematol. 2020, 150. [CrossRef]

11. Baecklund, E.; Smedby, K.E.; Sutton, L.A.; Askling, J.; Rosenquist, R. Lymphoma development in patients
with autoimmune and inflammatory disorders—What are the driving forces? Semin. Cancer Biol. 2014,
24, 61–70. [CrossRef] [PubMed]

12. Mariette, X.; Cazals-Hatem, D.; Warszawki, J.; Liote, F.; Balandraud, N.; Sibilia, J. Lymphomas in rheumatoid
arthritis patients treated with methotrexate: A 3-year prospective study in France. Blood 2002, 99, 3909–3915.
[CrossRef] [PubMed]

13. Martin, D.N.; Mikhail, I.S.; Landgren, O. Autoimmunity and hematologic malignancies: Associations and
mechanisms. Leuk. Lymphoma 2009, 50, 541–550. [CrossRef] [PubMed]

14. Kuksin, C.A.; Minter, L.M. The link between autoimmunity and lymphoma: Does NOTCH signaling play a
contributing role? Front. Oncol. 2015, 5, 51. [CrossRef]

15. Libby, P.; Sidlow, R.; Lin, A.E.; Gupta, D.; Jones, L.W.; Moslehi, J.; Zeiher, A.; Jaiswal, S.; Schulz, C.;
Blankstein, R.; et al. Clonal Hematopoiesis: Crossroads of Aging, Cardiovascular Disease, and Cancer:
JACC Review Topic of the Week. J. Am. Coll. Cardiol. 2019, 74, 567–577. [CrossRef]

16. Husby, S.; Favero, F.; Nielsen, C.; Sørensen, B.S.; Bæch, J.; Grell, K.; Hansen, J.W.; Rodriguez-Gonzalez, F.G.;
Haastrup, E.K.; Fischer-Nielsen, A.; et al. Clinical impact of clonal hematopoiesis in patients with lymphoma
undergoing ASCT: A national population-based cohort study. Leukemia 2020. [CrossRef]

17. Cook, E.K.; Luo, M.; Rauh, M.J. Clonal hematopoiesis and inflammation: Partners in leukemogenesis and
comorbidity. Exp. Hematol. 2020, 83, 85–94. [CrossRef]

18. Teke, H.U.; Gulbas, Z.; Bal, C. Serum levels of cytokines and prevalence of autoantibodies in lymphoma
patients and their prognostic value. JBUON 2014, 19, 191–197.

19. Váróczy, L.; Gergely, L.; Zeher, M.; Szegedi, G.; Illés, A. Malignant lymphoma-associated autoimmune
diseases–a descriptive epidemiological study. Rheumatol. Int. 2002, 22, 233–237. [CrossRef]

20. Ludvigsson, J.F.; Lebwohl, B.; Rubio-Tapia, A.; Murray, J.A.; Green, P.H.R.; Ekbom, A.; Granath, F. Does celiac
disease influence survival in lymphoproliferative malignancy? Eur. J. Epidemiol. 2013, 28, 475–483. [CrossRef]

21. Simard, J.F.; Baecklund, F.; Chang, E.T.; Baecklund, E.; Hjalgrim, H.; Olov Adami, H.; Glimelius, B.;
Smedby, K.E. Lifestyle factors, autoimmune disease and family history in prognosis of non-hodgkin
lymphoma overall and subtypes. Int. J. Cancer 2013, 132, 2659–2666. [CrossRef]

22. Jachiet, V.; Mekinian, A.; Carrat, F.; Grignano, E.; Retbi, A.; Boffa, J.J.; Ronco, P.; Rondeau, E.; Sellam, J.;
Berenbaum, F.; et al. Autoimmune manifestations associated with lymphoma: Characteristics and outcome
in a multicenter retrospective cohort study. Leuk. Lymphoma 2018, 59, 1399–1405. [CrossRef]

23. Mikuls, T.R.; Endo, J.O.; Puumala, S.E.; Aoun, P.A.; Black, N.A.; O’Dell, J.R.; Stoner, J.A.; Boilesen, E.C.;
Bast, M.A.; Bergman, D.A.; et al. Prospective study of survival outcomes in non-Hodgkin’s lymphoma
patients with rheumatoid arthritis. J. Clin. Oncol. 2006, 24, 1597–1602. [CrossRef]

24. Fallah, M.; Liu, X.; Ji, J.; Försti, A.; Sundquist, K.; Hemminki, K. Hodgkin lymphoma after autoimmune
diseases by age at diagnosis and histological subtype. Ann. Oncol. 2014, 25, 1397–1404. [CrossRef] [PubMed]

25. Lechner, K.; Chen, Y.-A. Paraneoplastic autoimmune cytopenias in Hodgkin lymphoma. Leuk. Lymphoma
2010, 51, 469–474. [CrossRef]

26. Dimou, M.; Angelopoulou, M.K.; Pangalis, G.A.; Georgios, G.; Kalpadakis, C.; Pappi, V.; Tsopra, O.;
Koutsoukos, K.; Zografos, E.; Boutsikas, G.; et al. Autoimmune hemolytic anemia and autoimmune
thrombocytopenia at diagnosis and during follow-up of Hodgkin lymphoma. Leuk. Lymphoma 2012,
53, 1481–1487. [CrossRef]

http://dx.doi.org/10.1200/JCO.2010.29.2243
http://dx.doi.org/10.1002/hon.2498
http://www.ncbi.nlm.nih.gov/pubmed/29469175
http://dx.doi.org/10.1002/art.21675
http://dx.doi.org/10.1016/j.critrevonc.2020.102945
http://dx.doi.org/10.1016/j.semcancer.2013.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24333759
http://dx.doi.org/10.1182/blood.V99.11.3909
http://www.ncbi.nlm.nih.gov/pubmed/12010788
http://dx.doi.org/10.1080/10428190902780677
http://www.ncbi.nlm.nih.gov/pubmed/19373651
http://dx.doi.org/10.3389/fonc.2015.00051
http://dx.doi.org/10.1016/j.jacc.2019.06.007
http://dx.doi.org/10.1038/s41375-020-0795-z
http://dx.doi.org/10.1016/j.exphem.2020.01.011
http://dx.doi.org/10.1007/s00296-002-0229-4
http://dx.doi.org/10.1007/s10654-013-9789-8
http://dx.doi.org/10.1002/ijc.27944
http://dx.doi.org/10.1080/10428194.2017.1379075
http://dx.doi.org/10.1200/JCO.2005.04.6227
http://dx.doi.org/10.1093/annonc/mdu144
http://www.ncbi.nlm.nih.gov/pubmed/24718892
http://dx.doi.org/10.3109/10428190903556394
http://dx.doi.org/10.3109/10428194.2012.660628


J. Clin. Med. 2020, 9, 3403 9 of 9

27. Koff, J.L.; Rai, A.; Flowers, C.R. Characterizing Autoimmune Disease-associated Diffuse Large B-cell
Lymphoma in a SEER–Medicare Cohort. Clin. Lymphoma Myeloma Leuk. 2018, 18, e115–e121. [CrossRef]

28. Mörth, C.; Valachis, A.; Abu Sabaa, A.; Marshall, K.; Hedström, G.; Flogegård, M.; Baecklund, E.; Enblad, G.
Autoimmune disease in patients with diffuse large B-cell lymphoma: Occurrence and impact on outcome.
Acta Oncol. 2019, 58, 1170–1177. [CrossRef] [PubMed]

29. Baecklund, E.; Backlin, C.; Iliadou, A.; Granath, F.; Ekbom, A.; Amini, R.M.; Feltelius, N.; Enblad, G.;
Sundström, C.; Klareskog, L.; et al. Characteristics of diffuse large B cell lymphomas in rheumatoid arthritis.
Arthritis Rheum. 2006, 54, 3774–3781. [CrossRef] [PubMed]

30. García-Muñoz, R.; Panizo, C.; Bendandi, M.; Llorente, L. Autoimmunity and lymphoma: Is mantle cell
lymphoma a mistake of the receptor editing mechanism? Leuk. Res. 2009, 33, 1437–1439. [CrossRef]

31. Doni, E.; Carli, G.; Di Rocco, A.; Sassone, M.; Gandolfi, S.; Patti, C.; Falisi, E.; Salemi, C.; Visco, C. Autoimmune
haemolytic anaemia in mantle cell lymphoma: An insidious complication associated with leukemic disease.
Hematol. Oncol. 2017, 35, 135–137. [CrossRef] [PubMed]

32. Bernatsky, S.; Ramsey-Goldman, R.; Joseph, L.; Boivin, J.F.; Costenbader, K.H.; Urowitz, M.B.; Gladman, D.D.;
Fortin, P.R.; Nived, O.; Petri, M.A.; et al. Lymphoma risk in systemic lupus: Effects of disease activity versus
treatment. Ann. Rheum. Dis. 2014, 73, 138–142. [CrossRef]

33. Wöhrer, S.; Troch, M.; Streubel, B.; Zwerina, J.; Skrabs, C.; Formanek, M.; Hauff, W.; Hoffmann, M.;
Müllauer, L.; Chott, A.; et al. MALT lymphoma in patients with autoimmune diseases: A comparative
analysis of characteristics and clinical course. Leukemia 2007, 21, 1812–1818. [CrossRef] [PubMed]

34. Teixeira Mendes, L.S.; Wotherspoon, A. Marginal zone lymphoma: Associated autoimmunity and
autoimmune disorders. Best Pract. Res. Clin. Haematol. 2017, 30, 65–76. [CrossRef] [PubMed]

35. Murakami, H.; Irisawa, H.; Saitoh, T.; Matsushima, T.; Tamura, J.; Sawamura, M.; Karasawa, M.; Hosomura, Y.;
Kojima, M. Immunological abnormalities in splenic marginal zone cell lymphoma. Am. J. Hematol. 1997,
56, 173–178. [CrossRef]

36. Fodor, A.; Molnar, M.Z.; Krenacs, L.; Bagdi, E.; Csomor, J.; Matolcsy, A.; Demeter, J. Autoimmune hemolytic
anemia as a risk factor of poor outcome in patients with splenic marginal zone lymphoma. Pathol. Oncol. Res.
2009, 15, 597–603. [CrossRef] [PubMed]

37. Siegert, W.; Nerl, C.; Agthe, A.; Engelhard, M.; Brittinger, G.; Tiemann, M.; Lennert, K.; Huhn, D.
Angioimmunoblastic lymphadenopathy (AILD)-type T-cell lymphoma: Prognostic impact of clinical
observations and laboratory findings at presentation. Ann. Oncol. 1995, 6, 659–664. [CrossRef]

38. Crickx, E.; Poullot, E.; Moulis, G.; Goulabchand, R.; Fieschi, C.; Galicier, L.; Meignin, V.; Coppo, P.; Delarue, R.;
Casasnovas, O.; et al. Clinical spectrum, evolution, and management of autoimmune cytopenias associated
with angioimmunoblastic T-cell lymphoma. Eur. J. Haematol. 2019, 103, 35–42. [CrossRef]

39. Oka, S.; Nohgawa, M. Autoimmune Cytopenias Occurring after Treatment with Chemoimmunotherapy for
Non-Hodgkin Lymphomas. Acta Haematol. 2019, 141, 79–83. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.clml.2017.11.009
http://dx.doi.org/10.1080/0284186X.2019.1619936
http://www.ncbi.nlm.nih.gov/pubmed/31131659
http://dx.doi.org/10.1002/art.22277
http://www.ncbi.nlm.nih.gov/pubmed/17133544
http://dx.doi.org/10.1016/j.leukres.2009.05.008
http://dx.doi.org/10.1002/hon.2241
http://www.ncbi.nlm.nih.gov/pubmed/26078106
http://dx.doi.org/10.1136/annrheumdis-2012-202099
http://dx.doi.org/10.1038/sj.leu.2404782
http://www.ncbi.nlm.nih.gov/pubmed/17554381
http://dx.doi.org/10.1016/j.beha.2016.07.006
http://www.ncbi.nlm.nih.gov/pubmed/28288719
http://dx.doi.org/10.1002/(SICI)1096-8652(199711)56:3&lt;173::AID-AJH7&gt;3.0.CO;2-V
http://dx.doi.org/10.1007/s12253-009-9159-8
http://www.ncbi.nlm.nih.gov/pubmed/19343544
http://dx.doi.org/10.1093/oxfordjournals.annonc.a059281
http://dx.doi.org/10.1111/ejh.13239
http://dx.doi.org/10.1159/000495600
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pathophysiology of the Connection between AID and Lymphoma 
	Timing of AID in the Lymphoma Course 
	Lymphoma, AID, and Outcome 
	Outcome in Patients with HL and Pre-Existing AID 
	DLBCL and Autoimmunity 
	Mantle Cell Lymphoma and Autoimmunity 
	Marginal Zone Lymphoma and Autoimmunity 
	T- Cell Lymphoma and Autoimmunity 
	Discussion 
	References

