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Abstract
Background: Systemic lupus erythematosus (SLE) is a chronic and complex multi-system autoimmune
disorder. Higher risks of malignancy were observed in SLE patients, which was associated with higher
mortality. We aimed to explore clinical characteristics, risk factors and prognosis between SLE patients
with or without hematological malignancies (HM) in Chinese population.

Methods: We retrospectively collected patients from our hospital with a diagnosis of SLE from January
2013 to December 2020. Clinical and laboratory data were collected and disease activity was evaluated
according to systemic lupus erythematosus disease activity index-2000 (SLEDAI-2K). Logistic regression
analysis was performed to predict risk factors. The survival rate was estimated by Kaplan-Meier and Cox
proportional hazards regression analysis.

Results: The study enrolled 15 SLE patients with HM as the case group and 57 without HM as the control
group for analysis. The incidence rate of HM was approximately 0.24% with elevated standard incidence
rate of lymphoma and leukemia (27.559 and 12.708, respectively). Patients with HM were at a higher age
at the diagnosis of SLE, with a higher frequency of infection, splenomegaly and a lower level of
hemoglobin compared with patients without HM. SLEDAI-2K was comparable between the two groups at
the diagnosis of SLE (P = 0.184). Lower percentage of patients with HM expressed positive anti-dsDNA
antibody (26.7% vs 66.7% P = 0.005 ) or had ever been treated with hydroxychloroquine (40.0% vs 86.0%,
P = 0.001). Higher age (OR 1.098, P = 0.004), infection (OR 5.759, P = 0.041) and lower hemoglobin (OR
0.954, P = 0.021) were risk factors for SLE patients to develop with HM. Female (RR 0.219, P = 0.009) and
hydroxychloroquine (RR 0.281, P = 0.024) were protective factors from mortality.

Conclusions: SLE patients are more prone to be complicated with HM, especially for those at a higher
age, suffering with infection or anemia. The prognosis of male patients with SLE tends to be poorer
whether complicated with HM. The association between antinuclear antibody spectrum and SLE
complicated with HM needs further investigation. 

Background
Systemic lupus erythematosus (SLE) is one of common chronic and complex multi-system autoimmune
disorders. This disorder occurs predominantly in the reproductive age women, with the female-to-male
ratio approximately 10:1[1, 2]. With early diagnosis and judicious therapy, including systemic
glucocorticoids, immunosuppressive agents, and newly biological drugs, the survival rate of SLE has
been signi�cantly improved[3]. Study from a multisite international SLE cohort demonstrated a higher
standardized mortality ratio compared to the general population, with particularly high mortality for
circulatory disease, infection, renal disease, and malignancy[4]. Several studies have reported elevated
cancer risks in SLE[5–14], especially hematological malignancies[11–21], which had an in�uence on the
prognosis of patients[4, 11, 22]. Non-Hodgkin’s lymphoma (NHL) is the most common type while other
kinds of hematological malignancies, such as Hodgkin’s lymphoma (HL), leukemia and possibly
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myeloma[14, 20], also at a higher risk for SLE compared with general population. However, the age-risk,
gender-risk relationship and latency between hematological malignancies and SLE are still
controversial[13, 18, 20, 23].

Hematological malignancies (HM) are a group of etiologically heterogeneous diseases. The mechanisms
of SLE complicated with HM are still inconclusive, for which a generally accepted explanation is intrinsic
immunological dysregulation combined with exposure to medications and virus[24–28]. However,
elevated risks of treatment-induced malignancy are still in controversy[5, 11, 15, 16, 29], partly because
disease activity may in�uence the therapeutic choice resulting to di�culties in associating medications
with malignancy[23, 30]. Up to now, the characteristics and outcome of SLE patients with HM in Chinese
population are still limited, and the association between antinuclear antibody spectrum and SLE
complicated with HM is gaining extensive attention, so we performed a retrospective study to explore the
clinical characteristics, laboratory parameters, as well as risk factors and prognosis in our tertiary
institution.

Methods
Study design

We retrospectively collected all patients from our hospital with a diagnosis of SLE, as either a primary or
a secondary diagnosis from January 2013 to December 2020. After excluding the repetitive cases, we
identi�ed patients who were diagnosed with HM as the case group (Group A), including leukemia,
lymphoma, multiple myeloma and plasmacytoma. In order to avoid confounding factors, the control
group (Group B) consisted of randomly selected patients without any kinds of malignancies, with three
controls matching one case.

Patient inclusion and exclusion criteria

All patients were ful�lled the 1997 American College of Rheumatology (ACR) revised criteria for the
classi�cation of SLE [31]. Hematological malignancies were identi�ed by biological pathology of bone
marrow or tissue specimens according to respective diagnostic criteria[32-34]. SLE patients diagnosed
with HM synchronously were de�ned as diagnosis of HM within 2-month duration of SLE diagnosis. More
than 2-month interval was de�ned as SLE prior or posterior to HM. Patients younger than 18 or older than
80 years were excluded. Patients ever diagnosed with rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis, systemic sclerosis, in�ammatory myopathy, Sjogren's syndrome and multiple
connective tissue disease were also excluded.

Clinical data and laboratory examinations

Patient data, including age, sex, history of tumor, symptoms of onset, disease activity, treatment, outcome
and survival time were collected. The follow-up was ended at the beginning of January, 2021. The
disease activity was evaluated according to systemic lupus erythematosus disease activity index-2000
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(SLEDAI-2K)[35] at the baseline and diagnosis of HM. Laboratory examinations including routine blood
analysis, liver function, kidney function, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
complement and autoantibody pro�le were collected when they were �rst diagnosed with SLE in our
institution. All the medications since the day of SLE diagnosis to HM occurrence (Group A) or the end of
follow-up (Group B) were retrieved from the medical records and follow-up.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 software. For categorical
variables, data are presented as frequencies (percentages), while for continuous variables, data are
reported as means with standard deviation (SD) or median with inter-quartile range (Q1-Q3). Normally
distributed data between two groups were analyzed using independent-samples t-tests while non-
normally distributed data were analyzed using the rank sum test. Categorical data were analyzed using
the chi-square test or Fisher’s exact test. The data of sex- and age-strati�ed cancer incidence in general
Chinese population were published by National Central Cancer Registry of China (NCCRC)[36]. The
standardized incidence ratio (SIR) was calculated by dividing the observed malignant rate by the
expected rate. Logistic regression analysis was performed to predict the risk factors. The survival rate
was estimated by Kaplan-Meier and Cox proportional hazards regression analysis and survival curves
were presented by GraphPad Prism (version 8). A two-tailed P -value < 0.05 was considered statistically
signi�cant.

Results
Patient characteristics

A total of 7954 patients with a diagnosis of SLE were identi�ed, with 879 males (11.1%) and 7075
females. We excluded 266 patients who had ever been diagnosed with other rheumatoid diseases. 19
patients received a diagnosis of HM posterior to or synchronously with SLE. In order to control
confounding factors, 136 patients ever diagnosed with other kinds of malignancies were excluded, so
there were 7533 cancer-free patients eligible for analysis. With three controls matching one case, we
enrolled 19 patients as the case group and 57 as the control group (Group B) (Fig 1). The data of 4
patients with HM when �rst diagnosed with SLE were incomplete, so only 15 were enrolled in analysis
(Group A) at the baseline (Fig 1, Table 1-2). Demographic and clinical characteristics are shown in Table
1. Twelve (80%) were female in Group A, with no difference from Group B (86%). Age for patients in Group
A were higher than that in Group B (52 (42-63) vs 31 (25-47), P = 0.002). None was reported a previous
history of HM, while 10 (66.7%) patients developed with HM synchronously with and 5 (33.3%) posterior
to SLE. Though only 6 patients reported family history of tumor, the frequency was higher in Group A than
that in Group B (13.3% vs 7.0%, P = 0.034). For clinical features, patients in Group A had a higher
frequency of infection (60.0% vs 22.8%, P = 0.014) and splenomegaly (46.7% vs 15.8%, P = 0.027) than
Group B. Infection always involved respiratory system except for one suffering from panniculitis in the
control group (data not shown).
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Table 1.

Clinical features of SLE patients with/without hematological malignancies
Parameter

 

Group A

(n=15)

Group B

(n=57)

P -value

Female (n, %) 12 (80.0) 49 86.0 0.867

Age at SLE diagnosis (years), M (Q1-Q3)  52 (42-63) 31 (25-47) 0.002*

Age at HM diagnosis (years, mean ± SD) 52±15 - -

Lymphadenopathy (n, %) 9 (60.0) 26 45.6 0.321

Fever (n, %) 9 (60.0) 21 36.8 0.106

Infection (n, %) 9 (60.0) 13 22.8 0.014*

Hypertension (n, %) 1 (6.7) 9 15.8 0.625

Diabetes mellitus (n, %) 0 (0) 1 1.8 1.000

Dyslipidemia (n,%) 13 (13/14, 92.9) 40 (40/56, 71.4) 0.186

Smoking (n, %) 1 (6.7) 5 8.8 1.000

Drinking (n, %) 1 (6.7) 2 3.5 1.000

Family history of tumor (n, %) 2 (13.3) 4 7.0 0.034*

Rash (n, %) 4 (26.7) 20 35.1 0.538

Arthralgia (n, %) 5 (33.3) 14 24.6 0.721

Pleural effusion (n, %) 5 (33.3) 15 26.3 0.829

Pericardial effusion (n, %) 5 (33.3) 16 29.1 0.936

Splenomegaly (n, %) 7 (46.7) 9 15.8 0.027*

* Statistical signi�cance (P 0.05)

Group A: SLE patients with hematological malignancies

Group B: SLE patients without hematological malignancies

Abbreviation: HM, hematological malignancies.
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Table 2.

Laboratory parameters of SLE patients with/without HM at the baseline
Parameters Group A

(n=15)

Group B

(n=57)

P -value

Hematological abnormality (n, %) 13 (86.7) 39 (68.4) 0.280

WBC ( 109), M (Q1-Q3) 3.40 (1.80-5.68) 3.90 (2.85-6.25) 0.072

RBC ( 1012, mean ± SD) 3.08±0.88 3.59±0.64 0.016*

Hb (g/L, mean ± SD ) 89.97±23.18 103.43±20.41 0.031*

Platelet ( 109, mean ± SD) 118.80±64.68 160.54±82.66 0.074

Urine protein positivity (n, %) 5 (33.3) 27 (47.4) 0.330

24hTP(g), M (Q1-Q3) † 0.49 (0.29-1.13) 1.40 (0.36-4.92) 0.156

Scr (umol/L), M (Q1-Q3) 62.00 (47.50-73.50) 55.00 (47.50-73.50) 0.856

GFR (ml/min/1.73m2), M (Q1-Q3) 85.57 (77.04-109.31) 108.76 (91.70-121.71) 0.099

TP (g/L, mean ± SD) 66.88±11.74 64.72±13.16 0.567

Albumin (g/L, mean ± SD) 29.70±6.69 31.72±7.58 0.351

Globin (g/L, mean ± SD) 37.18±13.39 33.33±9.64 0.310

Lupus nephritis (n, %) 5 (33.3 28 (49.1) 0.275

TC (mmol/L), M (Q1-Q3) 3.05 (2.54-3.45) 3.91 (3.09-4.56) 0.030*

TG (mmol/L), M (Q1-Q3) 1.33 (0.75-2.02) 1.64 (1.20-2.37) 0.157

HDL (U/L), M (Q1-Q3) 0.61 (0.42-0.69) 0.96 (0.77-1.16) 0.003*

LDL (U/L), M (Q1-Q3) 1.74 (1.11-2.34) 2.39 (1.67-2.95) 0.058

ALT (U/L), M (Q1-Q3) 24.00 (10.00-35.00) 23.00 (13.00-49.00) 0.682

AST (U/L), M (Q1-Q3) 29.00 (17.00-58.00) 28.00 (18.00-56.50) 0.950

LDH(U/L), M (Q1-Q3) 262.00 (197.00-453.00) 273.00 (206.00-614.00) 0.767

EBV-IgM+(n, %) †† 0 (0) 2 (10) 0.975

EBV-IgG+(n, %) 7 (100) 20 (100) -

C3 (g/L, mean ± SD) 0.78±0.35 0.67±0.36 0.314

C4 (g/L, mean ± SD) 0.16±0.12 0.13±0.08 0.401

ESR (mm/h), M (Q1-Q3) 48.00 (34.50-100.25) 41.50 (19.75-74.00) 0.533
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CRP (mg/L), M (Q1-Q3) 16.31 (2.82-34.71) 3.88 (1.50-7.17) 0.018*

Ferritin (ng/ml), M (Q1-Q3) ††† 692.45(475.20-1248.28) 188.85 (71.92-369.53) 0.007*

SLEDAI-2K, M (Q1-Q3) 9.00 (4.00-14.00) 12.00 (8.00-18.00) 0.184

ANA (n, %) 15 (100) 57 (100) -

Anti-dsDNA antibody (n, %) 4 (26.7) 38 (66.7) 0.005*

Anti-Smith antibody (n, %) 5 (5/11, 45.5) 19 19/50, 38.0 0.907

Anti-Rib P (n, %) 4 4/14, 28.6 26 26/54, 48.1 0.189

Anti-Nuc (n, %) 5 5/12, 41.7 31 (31/55, 56.4 0.355

Anti-His (n, %) 3 3/13, 23.1 25 25/54, 46.3 0.128

Anti-SSA/Ro52 (n, %) 9 9/13, 69.2 24 24/52, 46.2 0.137

Anti-SSA/Ro60 (n, %) 8 8/12, 66.7 26 26/49, 53.1 0.395

Anti-SSB (n, %) 4 4/12, 33.3 9 9/53, 17.0 0.379

ACA (n, %) 2 2/8, 25.0 2 2/49, 4.1 0.161

APL (n, %) 4 4/7, 57.1 15 15/27, 55.6 1.000

* Statistical signi�cance (P 0.05)

Group A: SLE patients with hematological malignancies

Group B: SLE patients without hematological malignancies

Hematological abnormality: Patients present with leukopenia (WBC 3.0 109), anemia or
thrombocytopenia.

Lupus nephritis: 24-hour total urinary protein ≥0.5g or the con�rmation of renal biopsy before the end of
follow-up.

† The data of Group A (7 patients) and Group B (29 patients).

†† EBV-IgM and EBV-IgG were both the data of Group A (7 patients) and Group B (20 patients).

††† The data of Group A (6 patients) and Group B (20 patients).

Abbreviation: HM, hematological malignancies; WBC, white blood cell; RBC, red blood cell; Hb,
hemoglobin; 24hTP, 24-hour total urinary protein; Scr, serum creatinine; GFR, glomerular �ltration rate; TP,
total protein; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; ALT, alanine transaminase; AST, aspartate transaminase; LDH, lactic dehydrogenase; EBV,
Epstein-Barr virus; CMV, cytomegalovirus; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
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SLEDAI-2K, systemic lupus erythematosus disease activity index-2000; ANA, anti-nuclear antibody; Anti-
Rib P, Anti-ribosomal P-protein antibody; Anti-Nuc, Anti-nucleosome antibody; Anti-His, Anti-histone
antibody; ACA, Anti-centromere antibody; APL, Anti-phospholipid antibody.

Laboratory �ndings

Baseline laboratory parameters of SLE patients with or without HM were shown in Table 2. Majority of
patients in both groups suffered from hematological abnormality (86.7% vs 68.4%, P = 0.280), including
leukocytopenia, thrombocytopenia or anemia. Both groups tended to suffer from anemia while patients in
Group A had a lower level of hemoglobin. Dyslipidemia was found more frequently in Group A, especially
high-density lipoprotein, while C-reactive protein and ferritin were signi�cantly higher comparing with
Group B. As for the expression of autoantibodies, anti-nuclear antibody presented positively in all the
patients at the baseline. Lower percentage of patients in Group A expressed anti-dsDNA antibody (26.7%
vs 66.7%, P = 0.005), while percentage of patients with positive anti-ribosomal P-protein antibody, anti-
nucleosome antibody and anti-histone antibody were comparable between the two groups. The ratio of
CD4+/CD8+ T cell (0.54 (0.48-0.79) vs 0.92 (0.57-1.34), P = 0.080) and percentage of B cell (9.06±7.43 vs
19.49±14.45, P = 0.137, Table 3) seemed to be lower in Group A while still need further con�rmation.
Disease activity estimated by SLEDAI-2K at the diagnosis of SLE did not show signi�cant difference
between the two groups (9.00 (4.00-14.00) vs 12.00 (8.00-18.00), P = 0.184).

Table 3. 

The lymphocyte subsets of SLE with/without hematological malignancies
Lymphocyte subsets (%) Group A

(n=15)

Group B

(n=57)

P -value

CD3+ T cell 68.90±17.56 70.48±13.42 0.735

CD3+CD8+ T cell 39.26±7.97 34.87±12.27 0.546

CD3+CD4+ T cell 24.48±11.04 34.72±15.30 0.164

CD4+/CD8+ T cell (M, Q1-Q3) 0.54 (0.48-0.79) 0.92 (0.57-1.34) 0.080

NK cell (CD16+CD56+) 21.38±21.72 12.62±9.75 0.425

B cell (CD19+) 9.06±7.43 19.49±14.45 0.137

Group A: SLE patients with hematological malignancies

Group B: SLE patients without hematological malignancies

† The data of lymphocyte subsets were from Group A (5 patients) and Group B (22 patients)

Distribution of hematological malignancies and SIR
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Of �fteen patients with HM (Additional �le1, Supplementary Table 1), ten patients developed HM
synchronously with SLE while �ve posterior to SLE. Four patients (26.7%) were diagnosed with acute
myeloid leukemia (AML), seven (46.7%) NHL, with diffuse large B-cell lymphoma (DLBCL) accounting for
more than a half, two (13.3%) HL and two multiple myeloma (MM).

In the total of 7954 SLE patients in our institution from 2013 to 2020, nineteen patients were diagnosed
with HM (Additional �le1, Supplementary Table 1)), with the incidence rate of approximately 0.24%. There
was a signi�cantly increased SIR of lymphoma (27.559, 95% CI 10.437-72.766) and leukemia (12.708,
95% CI 4.086-39.524). Among them, three were male, accounting for 0.34% (3/879) while female for
0.23% (16/7075) when it comes to gender difference of incidence in SLE patients with HM.

Risk factors of hematological malignancies in patients with SLE

Based on the baseline comparison above, odds ratio (OR) was calculated by univariate and multivariate
logistic analysis to explore risk or protective factors of SLE complicated with HM (Table 4). In univariate
logistic analysis, older age at SLE diagnosis (OR 1.075, 95%CI 1.028-1.125, P = 0.002), infection (OR
5.077, 95%CI 1.523-16.925, P = 0.008) and high levels of ferritin (OR 1.003, 95%CI 1.000-1.005, P = 0.033)
were risk factors of developing with HM, while high levels of hemoglobin (OR 0.970, 95%CI 0.945-0.998, P
= 0.038), anti-dsDNA antibody (OR 0.182, 95%CI 0.051-0.647, P = 0.009) and hydroxychloroquine
application (OR 0.143, 95%CI 0.041-0.504, P = 0.002) might play a protective role. In multivariate analysis,
older age at SLE diagnosis (OR 1.098, 95%CI 1.031-1.170, P = 0.004) and infection (OR 5.759, 95%CI
1.077-30.804, P = 0.041) were risk factors while high levels of hemoglobin (OR 0.954, 95%CI 0.917-0.993,
P = 0.021) was potentially a protective factor.

Table 4.

Risk factors for hematological malignancies development in patients with SLE
Parameter

 

Univariate logistic analysis Multivariate logistic analysis

OR 95% CI P -value OR 95% CI P -value

Age at SLE diagnosis 1.075(1.028-1.125) 0.002* 1.098(1.031-1.170) 0.004*

Infection 5.077(1.523-16.925) 0.008* 5.759(1.077-30.804) 0.041*

Hemoglobin 0.970(0.945-0.998) 0.038* 0.954(0.917-0.993) 0.021*

Ferritin 1.003 (1.000-1.005) 0.033* - -

Anti-dsDNA antibody 0.182(0.051-0.647) 0.009* 0.230(0.044-1.219) 0.084

SLEDAI-2K at SLE diagnosis 0.952(0.873-1.038) 0.264 - -

Glucocorticoids 0.361(0.055-2.388) 0.291 - -

Mycophenolate mofetil 0.308(0.063-1.505) 0.146 - -

Hydroxychloroquine 0.143(0.041-0.504) 0.002* 0.221(0.043-1.135 0.071
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* Statistical signi�cance (P 0.05)

Abbreviation: SLEDAI-2K, systemic lupus erythematosus disease activity index-2000.

Treatment and prognosis

Table 5.

Treatment for SLE with/without hematological malignancies
Medication Group A

(n=15)

Group B

(n=57)

P -value

Glucocorticoids (n, %) 13 (86.7) 54 (94.7) 0.601

Pulse therapy of glucocorticoids (n, %) 2 (13.3) 7 (12.3) 1.000

IVIG (n, %) 3 (20.0) 17 (29.8) 0.666

Cyclophosphamide (n, %) 0 (0) 9 (15.8) 0.228

Mycophenolate mofetil (n, %) 2 (13.3) 19 (33.3) 0.231

Methotrexate (n, %) 0 (0) 2 (3.5) 1.000

Le�unomide (n, %) 0 (0) 5 (8.8) 0.536

Azathioprine (n, %) 1 (6.7) 2 (3.5) 1.000

Cyclosporin (n, %) 0 (0) 2 (3.5) 1.000

Tacrolimus (n, %) 1 (6.7) 6 (10.5) 1.000

Thalidomide (n, %) 2 (10.5) 1 (1.8) 0.204

Hydroxychloroquine (n, %) 6 (40.0) 49 (86.0) 0.001*

Rituximab (n, %) 0 (0) 3 (5.3) 0.856

Belizumab (n, %) 0 (0) 1 (1.8) 1.000

Table 5 shows all the medications since the day of SLE diagnosis to hematological malignancies
occurrence (Group A) or the end of follow-up (Group B).

Group A: SLE with hematological malignancies

Group B: SLE without hematological malignancies

* Statistical signi�cance (P 0.05)

Abbreviation: IVIG, intravenous immunoglobin.
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Treatment strategies were displayed in Table 5. Thirteen (86.7%) patients in Group A and �fty-four
(94.7%) in Group B received glucocorticoids, with no statistical signi�cance. For patients in Group A, none
had ever been exposed to cyclophosphamide (CYC) prior to the diagnosis of HM while nine (15.8%) in
Group B were ever given CYC treatment. Lower percentage of patients in Group A were treated with
hydroxychloroquine (HCQ) than that in Group B (40.0% vs 86.0%, P = 0.001). The cumulative probability
of survival analyzed by Kaplan-Meier methods was shown in Fig. 2. Up to January, 2021, the median
follow-up periods were both 22.50 months in the two groups and the median survival time for Group A
was 30 months from SLE diagnosis and 15 months from HM diagnosis. Patients in Group B had a
signi�cantly better prognosis than that in Group A (P = 0.0037). Male tended to have a worse prognosis
no matter if they were complicated with HM. The risk factors of mortality were estimated by Cox
regression (Table 6) showing that female (RR 0.219, P = 0.009) and hydroxychloroquine (RR 0.281, P = 
0.024) might be protective factors. Main cause of death as we collected was multiple organ failure due to
malignancy itself or pulmonary infection.

Table 6. 

Multivariate proportional hazards Cox regression on risk factors
of mortality in patients with SLE

Parameter RR (95% CI) P -value

Gender (female) 0.219 (0.070-0.681) 0.009*

Age at SLE diagnosis 1.024 (0.984-1.065) 0.242

Hematological malignancy 1.471 (0.354-6.107) 0.595

Hydroxychloroquine 0.281 (0.094-0.845) 0.024*

* Statistical signi�cance (P 0.05)

Abbreviation: SLE, systemic lupus erythematosus.

Discussion
We performed a case-control study retrospectively to explore clinical characteristics, risk factors and
prognosis of SLE patients complicated with HM in our institution. SLE patients were at a signi�cantly
increased risk to develop with HM after a shorter latency of SLE diagnosis in our study. Gender difference
was presented in HM incidence rate and mortality that male tended to have a higher risk. Older age,
infection and lower hemoglobin at the baseline tended to be risk factors for SLE patients developing with
HM while if autoantibodies, especially anti-dsDNA could play a protective role in HM development still
need further con�rmation.

Signi�cant increased SIRs of leukemia and lymphoma, consisting of NHL, HL, MM and plasmacytoma
for the latter were proved in SLE patients of our study compared with reported incidence of HM in general
Chinese population[36]. NHL was the most common type as other studies[6, 37] and DLBCL, a relatively



Page 12/21

aggressive type, accounted for more than a half of NHL in our study. All the leukemia cases we collected
were AML, which was illustrated in a large nationwide data that only AML was at an increased risk of SLE
patients[21]. Most patients in our study diagnosed with HM within two-month latency of SLE, which was
con�rmed in a nationwide cohort in Taiwan[13] and an international cohort study[6] that the risk ratio of
hematological cancers decreased with time, with the highest risk in the �rst year after SLE diagnosis. For
NHL, malignant B cells may produce immunoglobulin with autoantibody features[11]. Besides, the
symptoms of lymphoma may mimic SLE, like fever, arthralgia, and lymphadenopathy, so if the symptoms
are unusually severe or persistent, biopsy of bone marrow or lymph nodes is necessary to clarify if a
malignancy has occurred.

The prevalence of HM and mortality was higher in male than that in female, in accord with previous
studies[13, 23, 37, 38] while SLE was more frequent for female, so male may need more vigilance during
the follow-up. Higher age at the diagnosis of SLE was a risk factor shown in our study, in accord with
some previous studies [5, 39] but in con�ict with a study from Taiwan that younger patients had a greater
risk ratio of cancer[13]. However, for SLE patients complicated with HM, patients between 40–69 years
had the highest SIR[13], which was comparable with our patients. Higher level of hemoglobin was
inferred to have a protective effect on the risk of HM development in our study, while a nested case-
control study also indicated that hematologic aberrations (leukocytopenia/thrombocytopenia or
hematologic anemia) were associated with NHL in SLE patients[29]. The reasons of anemia can be
different, with a common reason of hemolytic anemia in SLE. Hemminki et al[21] concluded that
autoimmune hemolytic anemia was correlated with increased risk for lymphoma and leukemia. However,
non-hemolytic anemia associated with HM need to be further studied. Ferritin, as an acute phase
reactant, can be elevated in SLE. However, hyperferritinemia is more common in infection and
malignancy[40, 41]. So, if ferritin is abnormally high, we should be vigilant to exclude malignancy or
infection.

Different theories have tried to explain possible links between the development of HM in SLE patients. A
generally accepted explanation is intrinsic immunological dysregulation in SLE combined with external
exposure. Dysregulation of both the innate and adaptive immune system might be associated with an
increased risk of malignancies[21]. Theander et al[42] illustrated that CD4 + T lymphocytopenia and a low
CD4+/CD8 + T cell ratio ≤ 0.8 were predictors of lymphoma in pSS. We also observed a lower CD4+/CD8 
+ T cell ratio in SLE patients with HM. However, we were failed to clarify a signi�cant difference might be
due to the small number of relative data. Infectious pathogens like virus and bacteria may be regarded as
chronic stimulation to immune system. A nationwide cohort study suggested a viral cause such as
Epstein-Barr virus (EBV) as a trigger for lymphoproliferation in SLE patients developing NHL[43]. However,
we were unable to clarify the relationship between EBV and HM development in SLE patients because of
ubiquity of EBV-IgG in peripheral blood of our patients.

The in�uence of medications is still in debate. Some researches suggested an increased risk for
lymphoma associated with corticosteroids, especially high cumulative steroids[23], probably due to high
disease activity or severity of the underlying disease[44], so it may be too arbitrary to draw a conclusion
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between steroid treatment and lymphoma. Hsu et al[45] illustrated that higher cumulative CYC dose and
lower HCQ dose were associated with higher cancer risks. Ertz-Archambault et al[46] found azathioprine
exposure was associated with a 7-fold risk for myeloid neoplasm. Several studies launched the
hypothesis of a protective action of antimalarials like HCQ against cancer in patients with SLE[9, 47] but
we did not observe an association between medications and HM development. Though HCQ showed a
protective effect on decreasing risks of HM and mortality in the analysis, majority of patients with HM
were diagnosed synchronously with SLE, so the treatment stragedy of SLE might be affected resulting to
vacancy of HCQ use.

Antinuclear antibodies (ANAs) are a spectrum of autoantibodies that react with various nuclear and
cytoplasmic components of cells, including anti-dsDNA, anti-histone, anti-Sm, anti-SSA/SSB, etc. ANAs
may have anti-tumour activity and could be mediated by antibody-dependent cell-mediated
cytotoxicity[48]. Several studies have con�rmed the existence of ANAs in different types of tumor, with no
conclusion of increased risks in developing speci�c tumor for SLE patients [48]. Combining in vivo with in
vitro study, Lü et al[49] illustrated that anti-dsDNA antibodies have inhibitory effect on tumor cells via
inducing apoptosis. Hansen et al[50] demonstrated that anti-DNA antibodies might have direct anti-
cancer effects in cells with DNA repair defects. Our study also showed SLE patients with HM have a lower
positive rate of anti-dsDNA and in univariate logistic analysis, anti-dsDNA showed a protective effect
from developing with HM, which was also implied in some studies before[29]. However, the association
between ANAs and risks of HM development is still inconclusive and need further con�rmation.

There are some limitations of our study. First, it’s a single-center study from a relatively small cohort in
China. Second, due to the retrospective nature of the study, we had to rely on medical records to obtain
patients’ symptoms and medications. Third, the follow-up time was not long enough though the survival
disparity has been shown. However, we have done a detailed analysis between SLE patients with or
without HM about clinical characteristics, risk factors and outcome in our hospital, which may remind
more clinicians to be concerned about HM during SLE follow-up.

Conclusions
SLE patients have an increased risk of developing with hematological malignancies than general
population, especially for those at a higher age, suffering with infection or anemia. The prognosis of male
patients with SLE tends to be poorer whether complicated with HM. The protective role of
hydroxychloroquine in HM occurence and mortality of SLE patients, and the impact of autoantibodies
and lymphocytes on the development of HM still need further con�rmation.
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Figure 1

Flow chart of study design
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Figure 2

Kaplan Meier curves for survival
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