
ORIGINAL ARTICLE

Autoimmune disease-associated non-Hodgkin’s lymphoma—a large
retrospective study from China

Shaoxuan Hu1
&Daobin Zhou1

& YongjiWu1
& Yongqiang Zhao1

& ShujieWang1
& BingHan1

&Minghui Duan1
& Jian Li1 &

Tienan Zhu1
& Junling Zhuang1

& Xinxin Cao1
& Huacong Cai1 & Jun Feng1

& Yan Zhang1
& Fengchun Zhang2

&

Xiaofeng Zeng2
& Yan Zhao2

& Qian Wang2
& Wei Zhang1

Received: 5 May 2018 /Accepted: 4 October 2018 /Published online: 29 October 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
The incidence and clinical implications of autoimmune diseases (ADs) in patients with non-Hodgkin’s lymphoma(NHL) remain
unclear. The aim of this study was to examine the prevalence of ADs in NHL and define the clinical characteristics and prognosis
of AD-associated NHL patients. Patients diagnosed with NHL in our institute between 1995 and 2017 were retrospectively
reviewed to assess the incidence of ADs. Of 4880 patients with NHL, 140 (2.9%) presented with autoimmunity, with a total of 24
ADs. The most common AD was Sjögren syndrome, followed by autoimmune cytopenia, psoriasis, rheumatoid arthritis, etc.
Psoriasis and rheumatoid arthritis were significantly associated with pre-existing ADs, whereas autoimmune cytopenia was
significantly associated with secondary AD. Sjögren syndrome was significantly associated with B-cell lymphoma, and systemic
vasculitis was significantly associated with T-cell lymphoma. Patients with AD-associated NHL had a high frequency of
extranodal involvement(87%), with significant associations between specific extranodal sites of lymphoma and subtypes of
ADs. Among patients with available data on pre-treatment peripheral blood Epstein-Barr virus (EBV) DNA(n = 68), elevated
EBV-DNA load was observed in a variety of NHL subtypes, including 20% of marginal zone lymphoma and 14.3% of follicular
lymphoma patients. In a matched-pair analysis, survival did not differ significantly between NHL patients with and without ADs.
However, for NHL patients with pre-existing ADs, a prior history of systemic corticosteroids therapy was significantly associated
with worse survival (HR = 7.33, P = 0.006). Taken together, our data suggest that a broad spectrum of ADs is associated with
NHL, and AD-associated NHL has distinct features with regard to clinical manifestations and prognosis.
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Introduction

Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group
of lymphoid neoplasms with variations in cellular origin, bio-
logical behavior, clinical manifestation, and prognosis. It is

the eighth most commonly diagnosed malignancy worldwide
[1]. In China, it was estimated that 882,000 patients were
diagnosed with lymphoma in 2015 with NHL comprising
the majority of cases [2].

The causes of NHL remain poorly understood, yet autoim-
mune disorders(ADs) have been increasingly identified as an
important predisposing factor. Several large epidemiological
studies from different countries have showed a consistent risk
increase of lymphoma associated with certain ADs, such as
Sjögren syndrome (SS), rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), celiac disease, etc. [3–5].
Conversely, autoimmune conditions were also reported to oc-
cur during the course of lymphoma [6, 7], suggesting a bi-
directional inter-relationship between autoimmunity and lym-
phoid neoplasms.

The biological mechanisms underpinning this bilateral re-
lation between AD and lymphoma remain largely unknown.
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A number of AD-related risk factors have been linked to lym-
phoma development in the literature, with the prime example
being disease severity and the degree of inflammatory activity
[8]. It has been suggested that chronic inflammation and/or
antigen stimulation in patients with active ADs could lead to
the proliferation and clonal expansion of B or Tcells, which in
turn increased the risk of accumulating genetic events and
ultimately resulted in the development of lymphoma [8].
Other proposed predisposing factors include the use of immu-
nosuppressive agents [9, 10], genetic susceptibility [8], and
environmental factors such as Epstein-Barr Virus (EBV) in-
fection [11, 12], yet the evidence linking these factors to in-
creased lymphoma risk was not as strong as that for chronic
inflammation. In the case of autoimmunity developing during
the course of lymphoma, the literature suggested that impaired
cellular and humoral-mediated immunity that are often present
in patients with lymphoma might promote the development of
autoimmune alterations in this population [13].

In contrast to the substantial amount of work carried out to
investigate the risk and pathophysiology of lymphoma devel-
opment in patients diagnosed with ADs, there is limited data
to describe the incidence and spectrum of ADs in patients
diagnosed with lymphoma. The majority of literature on
AD-associated lymphomas were case reports and small retro-
spective series, thus it is unsurprising that the prevalence and
distribution of ADs in patients with lymphoma varied widely
between different studies [14–17]. Furthermore, due to a lack
of adequate data in the literature, the clinical manifestations
and prognosis of the patients with NHL in association with
various ADs remain largely unclear.

Given that there is no large Chinese series of AD-
associated lymphoma reported in the literature, we conducted
this single-center retrospective study to investigate the inci-
dence and spectrum of ADs in Chinese patients with NHL,
and to define the clinical characteristics and prognosis of these
patients.

Methods

Patients

We retrospectively reviewed patients with NHL treated at our
hospital between January 1995 and December 2017. Patients
were considered eligible for analysis if they had pathological-
ly confirmed diagnosis of NHL and a diagnosis of autoim-
mune disease.

We recorded data on the histological subtypes of NHL,
characteristics and treatment of ADs, time between lymphoma
and AD diagnosis, clinical parameters and treatment of NHL,
and time to death or last follow-up. The histological diagnoses
of NHL were established based on the 2008 WHO classifica-
tion [18]. ADs were diagnosed and classified by using

international diagnostic criteria for each AD type (1996
American College of Rheumatology criteria for SLE [19],
2010 European League Against Rheumatism criteria for rheu-
matoid arthritis [20], etc). The Ann Arbor Staging system and
their Cotswold’s modification were used for staging of NHL
patients. Overall survival was calculated from the date of lym-
phoma diagnosis to the date of death or last follow-up. In
order to investigate the prognostic impact of ADs on patients
with NHL, we performed a matched-pair analysis: patients
with AD-associated NHL were matched to those with NHL
and without ADs treated during the same period at our hospi-
tal at ratio of 1:1 for each of the following factors: age, histol-
ogy of lymphoma and first-line treatment. Data on the clinical
characteristics and follow-up of patients in the matched cohort
were also recorded as stated above.

Statistical analysis

Continuous variables were presented as mean ± SD or median
(interquartile range), and compared by the one-way ANOVA
test followed by post hoc Scheffe’s test in cases of normal
distribution and otherwise the non-parametrical Kruskal–
Wallis test. Categorical variables were presented as numbers
and percentages and compared by χ2 or Fisher exact test as
appropriate. Overall survival was estimated by Kaplan–Meier
curves. Log-rank test and Cox regression methods were used
to analyze time-to-event data. All tests were two-sided and P
< 0.05 was considered statistically significant. Statistical anal-
yses were carried out using the SPSS 19.0 Package.

Results

The incidence and spectrum of ADs in patients
with NHL

Of 4880 patients with NHL, 140(2.9%) presented with auto-
immune conditions, with a total of 24 ADs. The frequencies of
each AD in our cohort of patients with NHL are detailed in
Table 1. The most common AD was SS, followed by autoim-
mune cytopenia, psoriasis, RA, SLE, Hashimoto thyroiditis
(HT), dermatomyositis/polymyositis (DM/PM), etc.

The temporal relations between ADs and NHL

The diagnosis of ADwas prior to the diagnosis of lymphoma in
65% of patients, concomitant with the diagnosis of lymphoma
in 28% of patients, and after lymphoma diagnosis in 7% of
patients. The time between AD diagnosis and onset of NHL
differed significantly by AD subtypes (P < 0.001, Fig. 1). In
order to assess the importance of one disease as a predisposing
factor for the development of the other, we separated the cases
with initial diagnosis of ADs (pre-existing ADs) from those
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with initial diagnosis of NHL (‘secondary’ ADs). Patients with
simultaneous diagnosis of the two disorders were included in
the latter group. Among the major subtypes of ADs in this
study, psoriasis and RAwere significantly associated with pre-
existing ADs, whereas autoimmune cytopenia was significantly
associated with ‘secondary’AD (Table 2). There was no signif-
icant difference in the distribution of the other ADs in this study.

In the patients with pre-existing ADs, the most common
AD was Sjögren’s syndrome, followed by psoriasis, RA,
HT, SLE, etc. The median time from the diagnosis of AD
to the development of NHL was 8.5 years(interquartile
range 3.3–18.1 years). The time from AD diagnosis to
the development of NHL differed significantly by the sub-
types of ADs (P < 0.01, Fig. 2). Notably, the median time
from the diagnosis of AD to the onset of NHL was < 2 years
for DM/PM and primary glomerulonephritis/nephropathy,
and > 2 years for the other ADs.

In the patients with Bsecondary^ ADs, the most frequent
AD was autoimmune hemolytic anemia (AIHA), followed by
SS and immune thrombocytopenia (ITP). The median time
from the diagnosis of lymphoma to the diagnosis of AD was
2.6 years (interquartile range 0.1–7.7 years) for the patients
who developed ADs after the onset of NHL (n = 10). Among
these patients, three developed ADs during the first-line treat-
ment of lymphoma, four developed ADs while lymphoma
was in complete remission, and the other three patients expe-
rienced ADs at relapse of lymphoma.

The distribution of ADs within the subtypes of NHL

The subtypes of NHL in this study and the distribution of ADs
within these subtypes are detailed in Table 3. B-cell lympho-
ma comprised 74.3% of all cases, with diffuse large B-cell
lymphoma (DLBCL) being the most common (34.3%).
Significant associations were observed between specific sub-
types of ADs and NHL histologies. Overall, SS was signifi-
cantly associated with B-cell lymphoma (P= 0.005), whereas
systemic vasculitis was significantly associated with T-cell
lymphoma (P = 0.021). Specifically, significant associations
betweenmarginal zone lymphoma (MZL) and SS (P = 0.004),
between angioimmunoblastic T-cell lymphoma (AITL) and
AIHA (P = 0.003), and between subcutaneous panniculitis-
like T-cell lymphoma (SPTL) and SLE (P = 0.013) were ob-
served in our cohort of patients.

Clinical characteristics of patients with AD-associated
NHL

The clinical characteristics of the 140 patients are shown in
Table 4. Eighty-six (61%) patients were female, with a median
age of 54 years at lymphoma diagnosis. Thirty-seven percent of
patients had a Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) ≥ 2, and 66% of patients had stage
IV disease at presentation. Extranodal involvement was present
in 87% of patients at diagnosis. The most frequent extranodal
site was the bone marrow (23.6%), followed by lung (16.4%),
gastrointestinal tract (15%), and liver (10%). The associations
between the extranodal sites of NHL and the subtypes of asso-
ciated ADs are detailed in Table 5. Notably, consistencies be-
tween the extranodal locations of lymphoma and the major
organs affected by ADs were observed in a proportion of pa-
tients. Significant associations were found between SS and
lymphoma of the salivary glands (P = 0.037), between HT
and lymphoma of thyroid gland (P < 0.001), between
immune-mediated interstitial lung disease (e.g., interstitial lung
diseases secondary to a systemic AD such as RA, SS, DM, etc.)
and lymphoma of the lung (P = 0.007), and between IBD and
lymphoma of the intestine (P = 0.016). In addition, one patient
with pre-existing ankylosing spondylitis developed primary

Table 1 Spectrum and frequency of ADs in patients with NHL
(n = 4880)

Subtypes of AD Number of
cases (%)

Frequency in
patients with
NHL (‰)

Sjögren syndrome 31 (22.1) 6.4

Autoimmune cytopenia 29 (20.7) 5.9

Autoimmune hemolytic anemia 22 (15.7) 4.5

Immune thrombocytopenia 6 (4.3) 1.2

Evan’s syndrome 1 (0.7) 0.2

Psoriasis 17 (12.1) 3.4

Rheumatoid arthritis 13 (9.3) 2.6

Systemic lupus erythematosus 11 (7.9) 2.2

Hashimoto thyroiditis 10 (7.1) 2.0

Dermatomyositis/polymyositis 6 (4.3) 1.2

Systemic vasculitis 5 (3.6) 1.0

Giant cell arteritis 1 (0.7) 0.2

Granulomatosis with polyangiitis 1 (0.7) 0.2

Behcet disease 1 (0.7) 0.2

Cryoglobulinemic vasculitis 1 (0.7) 0.2

Unclassified vasculitis 1 (0.7) 0.2

Primary glomerulonephritis/nephropathy 5 (3.6) 1.0

Membranous nephropathy 2 (1.4) 0.4

Mesangial proliferative glomerulonephritis 2 (1.4) 0.4

Minimal change disease 1 (0.7) 0.2

Inflammatory bowel disease 3 (2.1) 0.6

Ulcerative colitis 1 (0.7) 0.2

Crohn disease 2 (1.4) 0.4

Ankylosing spondylitis 3 (2.1) 0.6

Mixed connective tissue disease 2 (1.4) 0.4

Systemic sclerosis 2 (1.4) 0.4

Myasthenia gravis 2 (1.4) 0.4

Celiac disease 1 (0.7) 0.2
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DLBCL of the lumbar vertebrae. One patient with psoriasis and
one patient with DM developed mycosis fungoides.

Among the 68 patients in whom pre-treatment peripheral
blood levels of EBV-DNAwere available, the EBV-DNA load
was elevated (e.g., ≥ 500 copies/ml) in 19% of patients with
DLBCL and 55% of patients with T-cell lymphoma. Notably,
elevated levels of pre-treatment EBV-DNAwere also observed in

2 out of 10 (20%) patients with MZL and 1 out of 7 (14.3%)
patients with follicular lymphoma (FL), respectively. None of
these three patients had a record of systemic corticosteroids
and/or immunosuppressive therapy prior to the diagnosis of
lymphoma.

When clinical characteristics were analyzed according
to the subtypes of ADs, the only significant difference

Fig. 1 Boxplots demonstrating the temporal relations between different
ADs and NHL (e.g., the time between each AD diagnosis and onset of
NHL). A positive value indicates the diagnosis of AD preceded onset of
NHL, and a negative value indicates the diagnosis of AD after onset of

NHL. The line in the box shows the median time, the upper and lower
borders of the box indicate the upper and lower quartile, lines below and
above the box indicate the minimum and maximum time

Table 2 Distribution of ADs
according to the time occurred in
relationship to lymphoma

Subtypes of AD AD diagnosed prior
to lymphoma (n = 92)

AD diagnosed concomitantly
with or after lymphoma (n = 48)

P value

SS 19 12 0.556

Autoimmune cytopenia 5 24 < 0.001

Psoriasis 17 0 0.001

RA 13 0 0.015

HT 9 2 0.305

SLE 7 3 1.000

DM/PM 4 2 1.000

Systemic vasculitis 3 2 1.000

Primary nephropathy 4 1 0.837

IBD 3 0 0.516

Ankylosing spondylitis 3 0 0.516

Other ADs 5 2 1.000

Psoriasis and RAwere significantly associated with pre-existing ADs, autoimmune cytopenia was significantly
associated with secondary AD (P < 0.05)
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between groups of patients with different ADs was the
gender distribution (P < 0.001). A female predominance
was observed in the majority of patients with AD-
associated NHL except for patients with psoriasis (77%
male), primary nephropathy (100% male), and ankylosing
spondylitis (67% male).

Treatment outcome and prognosis of patients
with AD-associated NHL

The first-line treatment for patients with NHL in associa-
tion with ADs was similar to that for NHL patients without
AD. In brief, 83.1% of patients underwent systemic

Table 3 The distribution of autoimmune disorders by NHL subtype

Autoimmune disorder B-cell NHL T-cell NHL

All DLBCL MZL FL MCL LPL/WD Other
B-NHL

All PTCL-NOS ALCL AITL ENKL SPTL MF Other
T-NHL

SS 29 10 11 3 0 1 4 2 1 0 0 0 0 0 1

AIHA 17 10 3 0 0 1 3 7 1 0 4 0 0 0 1

ITP 5 3 0 2 0 0 0 1 0 0 0 0 0 0 1

Psoriasis 12 6 1 1 2 0 2 5 1 0 0 1 0 1 2

RA 10 7 2 1 0 0 0 3 1 0 1 0 0 1 0

SLE 6 2 2 0 1 0 1 4 1 0 0 0 2 0 1

HT 11 3 4 2 0 0 2 0 0 0 0 0 0 0 0

DM/PM 4 2 1 0 0 0 1 2 0 0 0 0 0 1 1

Vasculitis 1 0 0 0 0 0 1 4 1 1 0 1 1 0 0

Primary nephropathy 2 1 0 0 0 0 1 3 0 2 0 1 0 0 0

IBD 0 1 0 0 0 0 0 2 0 0 0 1 0 0 1

AS 3 1 1 0 1 0 0 0 0 0 0 0 0 0 0

Other AD 3 2 0 0 0 1 0 4 1 1 0 1 0 0 1

Total number 104 48 25 9 5 3 14 36 7 4 5 5 3 3 9

DLBCL diffuse large B-cell lymphoma;MZLmarginal zone lymphoma; FL follicular lymphoma;MCLmantle cell lymphoma; LPL/WD lymphoblastic
lymphoma/Waldenström’s macroglobulinemia; PTCL-NOS peripheral T-cell lymphoma, not otherwise specified; ALCL anaplastic large cell lymphoma;
AITL angioimmunoblastic T-cell lymphoma; ENKL extranodal NK/T-cell lymphoma; SPTL subcutaneous panniculitis-like T-cell lymphoma; MF
mycosis fungoides

Fig. 2 Boxplots showing the time
duration from the diagnosis of
ADs to the onset of NHL in
patients with pre-existing ADs.
The line in the box shows the
median time, the upper and lower
borders of the box indicate the
upper and lower quartile, lines
below and above the box indicate
the minimum and maximum time
duration
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chemotherapy, 5% received radiotherapy, 2.6% underwent
surgery, and 11% (mostly indolent NHL) employed a
Bwatch and wait^ strategy. The first-line chemotherapy
regimens are detailed in Table S1. Eighty-one percent of
patients received anthracycline-containing regimens
(mostly CHOP, other regimens including CHOEP,
EPOCH, hyperCVAD, etc.), and the remaining patients
received non-anthracycline-containing regimens (e.g.,
SMILE, gemcitabine-based regimens, etc.). Rituximab

was given to 58% of patients. Two patients received first-
l ine high-dose therapy and autologous stem cell
transplantation.

At a median follow-up of 23 months (range 0.1–
202 months), 36 patients had died. The causes of death were
lymphoma progression (75%), treatment-related infection
(17%), secondary primary malignancies (3%), and others
(5%). The 5-year OS for the entire cohort was 64%(95% CI
51.8–76.4%, Fig. 3a). The 5-year OS for patients with indo-
lent NHL (e.g., low-grade FL, MZL, lymphoblastic lympho-
ma, SPTL, mycosis fungoides), aggressive B-cell lymphoma
(e.g., DLBCL, mantle cell lymphoma, grade 3b FL), and ag-
gressive T-cell lymphoma (e.g., peripheral T-cell lymphoma
not otherwise specified, anaplastic large cell lymphoma,
AITL, and extranodal NK/T cell lymphoma) were 90.5%,
58.7, and 43.5%, respectively (P = 0.005, Fig. 3b).

AD-specific survival analyses were performed in the sub-
types of ADs with a decent sample size (e.g., at least 10 cases
for each AD) in the study. Survival of NHL patients did not
differ significantly by the subtypes of co-existent ADs (P =
0.725, Fig. 4a). Likewise, there was no significant survival
difference between the groups of patients with pre-existing,
concomitant, and subsequent ADs (P = 0.479, Fig. 4b). A
prior history of systemic corticosteroids therapy was associat-
ed with significantly worse survival in the subgroup of pa-
tients with pre-existing ADs (P = 0.024, Fig. 5a). A similar
trend toward decreased OS was observed in the patients with
prior use of immunosuppressants, although it is not statistical-
ly significant (P = 0.106, Fig. 5b). In multivariate analyses,
prior use of systemic corticosteroids remained statistically sig-
nificant after adjusting for age, ECOG-PS, histologies of
NHL, Ann Arbor stage, pretreatment LDH, and prior use of
immunosuppressants (Table 6).

In the matched-pair analysis comparing patients with AD-
associated NHL and patients with NHL without AD, the base-
line clinical characteristics were similar between the study
cohort and matched cohort except for a higher frequency of
B symptoms in patients with AD-associated NHL (Table S2).
There was no significant difference in OS between patients
with AD-associated NHL and those with NHL and without
ADs (5-year OS 64 vs. 76%, P = 0.25, see Fig. 6a). In sub-
group analyses according to different histologies of NHL, no
significant difference in OS was found between the study
cohort and the matched cohort in subgroups of patients with
indolent NHL, aggressive B-cell NHL or aggressive T-cell
NHL (Fig. 6b–d).

Discussion

Despite the long-standing recognition of the inter-relationship
between ADs and lymphoma, the exact prevalence and spec-
trum of ADs in the patients with NHL remain poorly defined.

Table 4 Clinical characteristics of 140 AD-associated NHL patients at
diagnosis

Parameter Number (%)

Age

Median 54

Range 16–81

Sex

Male 54 (39)

Female 86 (61)

ECOG-PS

0 34 (24)

1 55 (39)

2 35 (25)

3–4 16 (12)

History of AD treatment

Systemic corticosteroidsa 38 (27)

Immunosuppressantsb 26 (19)

Presence of B symptoms 83 (59)

Ann Arbor stage

I–II 34 (24)

III–IV 106 (76)

Presence of extranodal involvement 122 (87)

Lactate dehydrogenase

Elevated 69 (49)

Normal 56 (40)

Unknown 15 (11)

EBV-DNA

Elevated 20 (14)

Normal 48 (34)

Unknown 72 (52)

Absolute lymphocyte count

Low 50 (36)

Normal 68 (49)

Unknown 22 (16)

a Systemic corticosteroids included prednisone, prednisolone, methyl-
prednisolone, and dexamethasone
b Immunosuppressants included cytotoxic drugs (e.g., azathioprine, meth-
otrexate, cyclophosphamide, vincristine), cyclosporine, mycophenolate
mofetil, thalidomide, tacrolimus, and anti-CD20 antibody (e.g., rituxi-
mab). The doses of each agent varied according to the subtypes and
severity of ADs and the general condition of individual patients
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The present study investigated the frequency and distribution
of ADs in a large cohort of Chinese patients with NHL, and
analyzed the clinical and prognostic profiles of these patients.
To the best of our knowledge, this is the first large-scale report
on AD-associated NHL in Chinese population.

Although the spectrum of ADs in our study was generally
consistent with the published literature [14–17], the frequency
of AD (2.9%) was lower in our cohort than that in previous
reports. In a recent multicenter retrospective study of French
patients with NHL (n = 2503), 4.3% of patients presented with
autoimmune manifestations [17]. A similar rate of

autoimmune conditions (4.6%) was also observed in a large
cohort study of American patients with DLBCL (n = 5924)
[21]. In other smaller series, this frequency ranged from 7.6 to
12.9% [14–16]. A possible explanation for the lower frequen-
cy in our cohort is that our study population has a different
geographic and ethnic background from those in other series.
However, as this is a single-center study and there is currently
no other large-scale report on AD-related NHL from China,
we could not draw a definitive conclusion on whether the
incidence of AD-associated NHL was indeed lower in the
Chinese population.

Table 5 The associations between autoimmune disorders and extranodal sites of NHL

Extranodal sites
of NHL

SS
(n = 31)

AIHA/
ITP
(n = 29)

Psoriasis
(n = 17)

RA
(n = 13)

SLE
(n = 11)

HT
(n = 10)

DM/
PM
(n = 6)

Systemic
vasculitis
(n = 5)

Kidney
disease
(n = 5)

IBD
(n = 3)

AS
(n = 3)

Other
AD
(n = 7)

Salivary glands
(n = 9)

5 1 0 2 0 0 0 0 0 0 1 0

Nasal cavity/
paranasal
sinus (n = 12)

4 1 2 1 1 0 0 1 0 1 0 1

Thyroid gland
(n = 6)

0 0 0 0 0 6 0 0 0 0 0 0

Lung (n = 27) 8 6 0 1 2 2 1 1 0 0 0 2

Gastrointestinal
tract (n = 21)

5 4 3 1 1 2 0 0 1 2 0 2

Liver (n = 14) 1 5 1 1 0 1 2 2 1 0 0 0

Kidney/adrenal
glands
(n = 10)

3 1 3 0 0 2 0 0 0 0 0 1

Bone (n = 9) 2 1 1 2 1 0 0 1 0 0 1 0

Bone marrow
(n = 33)

9 9 3 1 1 4 1 1 1 0 0 3

Skin (n = 10) 1 0 2 1 0 1 2 1 2 0 0 0

Central nervous
system (n = 3)

0 1 1 0 0 0 0 0 1 0 0 0

Other sites
(n = 17)

1 3 2 1 3 3 0 3 1 0 0 0

Psoriasis and RAwere significantly associated with pre-existing ADs, autoimmune cytopenia was significantly associated with secondary AD (P < 0.05)

SS Sjögren syndrome, AIHA autoimmune hemolytic anemia, ITP immune thrombocytopenia, RA rheumatoid arthritis, SLE systemic lupus erythema-
tosus, HT Hashimoto thyroiditis, DM/PM dermatomyositis/polymyositis, IBD inflammatory bowel disease, AS ankylosing spondylitis

Fig. 3 Survival of NHL patients
in the entire cohort (a) and
according to the subtypes of NHL
(b)
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Our study revealed distinct patterns of temporal relations
between specific ADs and NHL. We found that this relation-
ship could be one-way or two-way depending on the subtypes
of ADs. The Bone-way^ relationship is exemplified by psoria-
sis, RA, and autoimmune cytopenia. RA and psoriasis almost
invariably preceded the development of NHL, whereas most
cases of autoimmune cytopenia occurred concomitantly with
or subsequent to the onset of NHL. By contrast, ADs such as
SS and SLE were fairly distributed in the pre-existing AD and
secondary AD groups, suggesting that these ADs could be
both a predisposing factor and a secondary effect of lympho-
magenesis. Although previous studies have noted this bi-
directional inter-relationship between ADs and lymphoma
[13–17], our results expand their findings and highlight the
heterogeneity of this relationship between different subtypes
of ADs. Even in the patients with pre-existent ADs, the time
duration from the diagnosis of AD to the development of NHL
varied significantly by the subtypes of ADs, suggesting that the
mechanisms of lymphomagenesis in the background of auto-
immunity was different for various subtypes of ADs. However,
it should be noted that some ADs that closely preceded the
onset of NHL, as in the cases of DM/PM and glomerulone-
phritis in this study, might not be truly primary disorders but
rather secondary autoimmune manifestations of the underlying

lymphoma, thus the distinction between ‘primary’ and ‘sec-
ondary’ AD might be difficult under some circumstances. In
light of this ambiguity, we suggest that clinicians should be
more aware of the possibility of covert lymphoma in the man-
agement of ADs that was found to be associated with incipient
or concomitant occurrence of lymphoma in this study.

The present study identified a number of correlations be-
tween the subtypes of NHL and subtypes of ADs. Among
these findings, the association between SS and marginal zone
lymphoma has been well established in the literature [22, 23].
As to the other associations (e.g., T-cell lymphoma and sys-
temic vasculitis, SPTL, and SLE), relevant data in the current
literature is limited. In support of our results, a multicenter
retrospective study of 63 SPTL patients found that 19% had
autoimmune conditions among which SLE was the most com-
mon [24]. The correlation between systemic vasculitis and T-
cell lymphoma has not been explicitly described in previous
studies. Although these novel findings are hypothesis-generat-
ing, given the small number of cases with vasculitis-associated
lymphoma and AD-associated SPTL in this study, these asso-
ciations should be regarded as suggestive rather than definitive
and need further validation from large cohort studies.

A prominent clinical feature of the patients with AD-
associated NHL in this study was the high frequency of

Fig. 4 Survival of NHL patients
by the subtypes of ADs (a) and
according to the subgroups of
patients with pre-existing,
concomitant, and subsequent
ADs (b)

Fig. 5 Survival of NHL patients
with pre-existing ADs according
to prior use of systemic
corticosteroids (a) or
immunosuppressants (b)
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extranodal disease and the consistencies between extranodal
sites of lymphoma and the primarily affected organs in AD.
These findings provide further evidence for role of persistent
local inflammation in the pathogenesis of lymphoma within the
framework of AD. The frequency of EBV infection in the pa-
tients with AD-related lymphoma has been of particular interest
since EBV might be a potential driving force of lymphoma
development. In our study, the frequencies of elevated EBV-
DNA loads in the peripheral blood of patients with DLBCL and
T-cell lymphoma were generally comparable to those reported
for patients with corresponding lymphoma histologies and
without autoimmune complications [25–27]. However, it is
noteworthy that elevated levels of EBV-DNA in peripheral

blood were also detected in 20% (2 out of 10) of patients with
MZL and 15% (1 out of 7) of patients with FL. Since EBV has
rarely been associated with these indolent B-cell lymphomas
[28] and there is a scarcity of data in the literature regarding the
associations of peripheral blood EBV-DNA with FL or MZL,
these findings were interesting and might suggest a potential
role of EBVin the development of these AD-related indolent B-
cell lymphomas. Although the small sample size requires cau-
tion in interpretation of these results, this finding is hypothesis-
generating and worthy of further exploration.

Our survival analyses found no significant difference in
survival between NHL patients with AD and those without
ADs. This finding is consistent with several previous reports

Table 6 Analyses of factors
associated with survival in NHL
patients with pre-existing ADs

Factor Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age > 60 years 3.43 1.29–9.13 0.014 1.20 0.34–4.30 0.776

ECOG-PS ≥ 2 8.45 3.13–22.83 < 0.001 16.65 2.50–110.75 0.004

Aggressive histologies of NHL 8.51 1.11–65.20 0.039 1.45 0.14–14.98 0.754

Stage III/IV 7.25 0.97–54.42 0.054 4.07 0.39–42.67 0.241

LDH 4.07 1.43–11.54 0.008 0.60 0.11–3.27 0.554

Prior glucocorticoids 2.90 1.15–7.28 0.024 7.33 1.76–30.49 0.006

Prior immunosuppressants 2.19 0.85–5.64 0.106 0.68 0.17–2.78 0.595

Psoriasis and RAwere significantly associated with pre-existing ADs, autoimmune cytopenia was significantly
associated with secondary AD (P < 0.05)

HR hazard ratio, CI confidence interval

Fig. 6 Survival of patients with
AD-associated NHL (n = 140)
and patients with NHL without
ADs (n = 140) in the entire cohort
(a) and in the subgroups with in-
dolent NHL (b), aggressive B-cell
NHL (c), and aggressive T-cell
NHL (d)
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[16, 21, 29], suggesting that AD as a whole has no significant
impact on the prognosis of NHL. Although a recent multicen-
ter study by Jachiet et al. [17] reported contrary findings
pointing to an adverse prognostic effect of ADs, this study
has different inclusion criteria and distribution of ADs com-
pared with our study. Specifically, the study by Jachiet et al.
excluded a proportion of patients with well-defined pre-
existing ADs such as Sjögren’s syndrome, systemic lupus er-
ythematosus, and rheumatoid arthritis, thus these ADs were
under-represented in the study cohort whereas other ADs such
as autoimmune cytopenia were relatively over-represented.
These differences might serve as a confounding factor in the
comparison and analysis of survival outcomes.

Another notable finding in prognostic analyses was that
prior systemic corticosteroid therapy was significantly associ-
ated with worse survival in NHL patients with pre-existent
ADs, even after adjusting for the other established prognostic
factors. No previous study tried to determine the impact of
prior AD-directed therapy on the survival of patients who
developed lymphoma. Themechanisms underlying this obser-
vation were not entirely clear and might be attributable to
several factors. First, the immunosuppressive effects of
prolonged glucocorticoids therapy might impair the patients’
immune responses against lymphoma. Xing et al. recently
reported that dexamethasone could enhance PD-1 expression
in human CD4+ and CD8+ T cells and suppress T-cell func-
tions via inhibition of cytokines production and induction of
T-cell apoptosis [30]. Second, the immunosuppressive state
resulting from protracted corticosteroid therapy might in-
crease the risk of severe treatment-related infection during
the subsequent treatment of lymphoma. Notably, among the
patients with lymphoma and pre-existent ADs in our study,
death from treatment-related infection occurred in 5.3% of
patients with a prior history of corticosteroids therapy com-
pared with 0% of patients without previous use of corticoste-
roids. Third, long-term chronic exposure to glucocorticoids
can lead to the development of glucocorticoid resistance [31]
and result in failure of responsiveness to glucocorticoid in the
subsequent treatment of lymphoma.

The present study has several limitations. Firstly, this is a
single-center study, thus our data might not be well represen-
tative of the profiles of AD-associated NHL in the entire
Chinese population. In addition, given the wide heterogeneity
in the histologies of NHL, it is difficult to focus our analysis
on the impact of ADs upon a specific subtype of lymphoma.

In conclusion, this study provides a comprehensive analy-
sis of NHL in connection with ADs in a large cohort of
Chinese patients. Our results expand previous findings in this
field and provide new lines of evidence that AD-related NHL
might be considered a different spectrum of entities with dis-
tinct characteristics in terms of pathobiology, clinical manifes-
tations, and prognostic profiles as compared to NHL patients
without autoimmunity. It will be important to incorporate

genetic and molecular analyses into future studies of AD-
related NHL in order to unravel the key pathogenic events,
genetic alterations, and signaling pathways that eventually
might lead to a more tailored therapeutic approach for these
patients.

Acknowledgments The authors thank the patients, medical staff, and
physicians who participated in this study. The authors thank the assistance
of department of hematology and department of rheumatology for study
collaboration. The authors also acknowledge the department of medical
record library for medical record provision.

Authors’ contributions S.H., D.Z., andW.Z. designed the research study;
all authors contributed to the acquisition of data and the statistical analysis
and interpretation of data; all authors contributed in drafting the article or
revising it critically for important intellectual content; all authors gave the
final approval of the version published.

Compliance with ethical standards

Conflict of interest disclosures The authors declare no competing finan-
cial interests for this study.

All procedures followed were in accordance with the ethical standards
of the responsible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975, as revised in 2008.
Informed consent was obtained from all patients for being included in the
study.

References

1. Torre LA, Bray F, Siegel RL et al (2012) Global cancer statistics,
2012. CA Cancer J Clin 65:87–108

2. ChenW, Zheng R, Baade PD et al (2016) Cancer statistics in China,
2015. CA Cancer J Clin 66:115–132

3. Smedby KE, Hjalgrim H, Askling J, Chang ET, Gregersen H,
Porwit-MacDonald A, Sundström C, Åkerman M, Melbye M,
Glimelius B, Adami HO (2006) Autoimmune and chronic inflam-
matory disorders and risk of non-Hodgkin lymphoma by subtype. J
Natl Cancer Inst 98:51–60

4. Ekstrom Smedby K, Vajdic CM, Falster M, Engels EA, Martinez-
Maza O, Turner J, Hjalgrim H, Vineis P, Seniori Costantini A,
Bracci PM, Holly EA, Willett E, Spinelli JJ, la Vecchia C, Zheng
T, Becker N, de Sanjose S, Chiu BCH, Dal Maso L, Cocco P,
Maynadie M, Foretova L, Staines A, Brennan P, Davis S,
Severson R, Cerhan JR, Breen EC, Birmann B, Grulich AE,
Cozen W (2008) Autoimmune disorders and risk of non-Hodgkin
lymphoma subtypes: a pooled analysis within the InterLymph con-
sortium. Blood 111:4029–4038

5. Fallah M, Liu X, Ji J, Försti A, Sundquist K, Hemminki K (2014)
Autoimmune diseases associated with non-Hodgkin lymphoma: a
nationwide cohort study. Ann Oncol 25:2025–2030

6. Hauswirth AW, Skrabs C, Schützinger C, Gaiger A, Lechner K,
Jäger U (2007) Autoimmune hemolytic anemias, Evans' syn-
dromes, and pure red cell aplasia in non-Hodgkin lymphomas.
Leuk Lymphoma 48:1139–1149

7. Jardin F (2008) Development of autoimmunity in lymphoma.
Expert Rev Clin Immunol 4:247–266

8. Baecklund E, Smedby KE, Sutton LA, Askling J, Rosenquist R
(2014) Lymphoma development in patients with autoimmune and
inflammatory disorders—what are the driving forces? Semin
Cancer Biol 24:61–70

454 Ann Hematol (2019) 98:445–455



9. Hoshida Y, Xu JX, Fujita S et al (2007) Lymphoproliferative dis-
orders in rheumatoid arthritis: clinicopathological analysis of 76
cases in relation to methotrexate medication. J Rheumatol 34:
322–331

10. Kotlyar DS, Lewis JD, Beaugerie L, Tierney A, Brensinger CM,
Gisbert JP, Loftus EV Jr, Peyrin-Biroulet L, Blonski WC, van
Domselaar M, Chaparro M, Sandilya S, Bewtra M, Beigel F,
Biancone L, Lichtenstein GR (2015) Risk of lymphoma in patients
with inflammatory bowel disease treated with azathioprine and 6-
mercaptopurine: a meta-analysis. Clin Gastroenterol Hepatol 13:
847–858

11. Ichikawa A, Arakawa F, Kiyasu J, Sato K, Miyoshi H, Niino D,
Kimura Y, Takeuchi M, Yoshida M, Ishibashi Y, Nakashima S,
Sugita Y, Miura O, Ohshima K (2013) Methotrexate iatrogenic
lymphoproliferative disorders in rheumatoid arthritis: histology,
Epstein–Barr virus, and clonality are important predictors of disease
progression and regression. Eur J Haematol 91:20–28

12. Vos AC, Bakkal N, Minnee RC et al (2011) Risk of malignant
lymphoma in patients with inflammatory bowel diseases: a Dutch
nationwide study. Inflamm Bowel Dis 17:1837–1845

13. Martin DN, Mikhail IS, Landgren O (2009) Autoimmunity and
hematologic malignancies: associations and mechanisms. Leuk
Lymphoma 50:541–550

14. Duhrsen U, Augener W, Zwingers T, Brittinger G (1987) Spectrum
and frequency of autoimmune derangements in lymphoproliferative
disorders: analysis of 637 cases and comparison with myeloprolif-
erative diseases. Br J Haematol 67:235–239

15. Váróczy L, Gergely L, Zeher M et al (2002) Malignant lymphoma-
associated autoimmune diseases—a descriptive epidemiological
study. Rheumatol Int 22:233–237

16. Váróczy L, Páyer E, Kádár Z, Gergely L, Miltényi Z, Magyari F,
Szodoray P, Illés Á (2012) Malignant lymphomas and autoimmu-
nity—a single center experience fromHungary. Clin Rheumatol 31:
219–224

17. Jachiet V, Mekinian A, Carrat F, Grignano E, Retbi A, Boffa JJ,
Ronco P, Rondeau E, Sellam J, Berenbaum F, Chazouillères O,
Capron J, Alamowitch S, Chasset F, Frances C, Coppo P, Fain O,
on behalf of French Network of systemic and immune disorders
associated with hemopathies and cancer (MINHEMON) (2017)
Autoimmune manifestations associated with lymphoma: character-
istics and outcome in a multicenter retrospective cohort study. Leuk
Lymphoma 59:1399–1405. https://doi.org/10.1080/10428194.
2017.1379075

18. Swerdlow SH, Campo E, Harris NL et al (2008) WHO classifica-
tion of tumours of haematopoietic and lymphoid tissues. In:
Bosman FT, Jaffe ES, Lakhani SR, Ohgaki H (eds) World Health
Organization classification of Tumours. IARC, Lyon, p 439

19. Hochberg MC (1997) Updating the American College of
Rheumatology revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 40:1725

20. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham
CO, BirnbaumNS, Burmester GR, Bykerk VP, CohenMD, Combe
B, Costenbader KH, Dougados M, Emery P, Ferraccioli G, Hazes
JM, Hobbs K, Huizinga TW, Kavanaugh A, Kay J, Kvien TK,

Laing T, Mease P, Menard HA, Moreland LW, Naden RL, Pincus
T, Smolen JS, Stanislawska-Biernat E, Symmons D, Tak PP,
Upchurch KS, Vencovsky J, Wolfe F, Hawker G (2010) 2010 rheu-
matoid arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism collabora-
tive initiative. Ann Rheum Dis 69:1580–1588

21. Koff JL, Rai A, Flowers CR (2018) Characterizing autoimmune
disease-associated diffuse large B-cell lymphoma in a SEER-
Medicare cohort. Clin Lymphoma Myeloma Leuk 18:e115–e121

22. Johnsen SJ, Brun JG, Gøransson LG, Småstuen MC, Johannesen
TB, Haldorsen K, Harboe E, Jonsson R, Meyer PA, Omdal R
(2013) Risk of non-Hodgkin’s lymphoma in primary Sjögren’s syn-
drome: a population-based study. Arthritis Care Res (Hoboken) 65:
816–821

23. Liang Y, Yang Z, Qin B, Zhong R (2014) Primary Sjogren’s syn-
drome and malignancy risk: a systematic review and meta-analysis.
Ann Rheum Dis 73:1151–1156

24. Willemze R, Jansen PM, Cerroni L, Berti E, Santucci M, Assaf C,
Canninga-van Dijk MR, Carlotti A, Geerts ML, Hahtola S,
Hummel M, Jeskanen L, Kempf W, Massone C, Ortiz-Romero
PL, Paulli M, Petrella T, Ranki A, Peralto JLR, Robson A, Senff
NJ, Vermeer MH, Wechsler J, Whittaker S, Meijer CJLM (2008)
Subcutaneous panniculitis-like T-cell lymphoma: definition, classi-
fication and prognostic factors. An EORTC cutaneous lymphoma
group study of 83 cases. Blood 111:838–845

25. Tisi MC, Cupelli E, Santangelo R, Maiolo E, Alma E, Giachelia M,
Martini M, Bellesi S, D’Alò F, Voso MT, Pompili M, Leone G,
Larocca LM, Hohaus S (2016) Whole blood EBV-DNA predicts
outcome in diffuse large B-cell lymphoma. Leuk Lymphoma 57:
628–634

26. Ito Y, Kimura H, Maeda Y, Hashimoto C, Ishida F, Izutsu K,
Fukushima N, Isobe Y, Takizawa J, Hasegawa Y, Kobayashi H,
Okamura S, Kobayashi H, Yamaguchi M, Suzumiya J, Hyo R,
Nakamura S, Kawa K, Oshimi K, Suzuki R (2012) Pretreatment
EBV-DNA copy number is predictive of response and toxicities to
SMILE chemotherapy for extranodal NK/T-cell lymphoma, nasal
type. Clin Cancer Res 18:4183–4190

27. Kim YR, Kim SJ, Cheong JW et al (2017) Pretreatment Epstein-
Barr virus DNA in whole blood is a prognostic marker in peripheral
T-cell lymphoma. Oncotarget 8:92312–92323

28. Grywalska E, Rolinski J (2015) Epstein-Barr virus-associated lym-
phomas. Semin Oncol 42:291–303

29. Shih YH, Yang Y, Chang KH, Chen YH, Teng CLJ (2018) Clinical
features and outcome of lymphoma patients with pre-existing auto-
immune diseases. Int J Rheum Dis 21:93–101

30. Xing K, Gu B, Zhang P, Wu X (2015) Dexamethasone enhances
programmed cell death 1 (PD-1) expression during Tcell activation:
an insight into the optimum application of glucocorticoids in anti-
cancer therapy. BMC Immunol 16:39

31. Schmidt S, Rainer J, Ploner C, Presul E, Riml S, Kofler R (2004)
Glucocorticoid-induced apoptosis and glucocorticoid resistance:
molecular mechanisms and clinical relevance. Cell Death Differ
11(Suppl 1):S45–S55

Ann Hematol (2019) 98:445–455 455

https://doi.org/10.1080/10428194.2017.1379075
https://doi.org/10.1080/10428194.2017.1379075

	Autoimmune disease-associated non-Hodgkin’s lymphoma—a large retrospective study from China
	Abstract
	Introduction
	Methods
	Patients
	Statistical analysis

	Results
	The incidence and spectrum of ADs in patients with NHL
	The temporal relations between ADs and NHL
	The distribution of ADs within the subtypes of NHL
	Clinical characteristics of patients with AD-associated NHL
	Treatment outcome and prognosis of patients with AD-associated NHL

	Discussion
	References


