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ABSTRACT

Background SLE is associated with increased risk of
diffuse large B-cell lymphoma (DLBCL). DLBCL is routinely
classified by cell of origin (CO0), with germinal centre
B-cell (GCB) being more common and indicating better
prognosis in the general population. We studied COO
subtyping in patients with SLE diagnosed with DLBCL and
their survival.

Patients and methods We evaluated 20 cases of

SLE with DLBCL. Immunohistochemistry analysis was
performed (BCL2, MYC, BCL6, CD10, CD20, FOXP1, GCET1,
MUM1) in tissue microarrays. We examined associations
between molecular and clinical features, including overall
survival.

Results Of the 20 DLBCL SLE cases, 12/20 cases (60%)
were classified as non-GCB using Hans or Choi algorithms.
MYC and BCL2 protein expression was positive in 6/20
(30%) and 8/20 (40%) SLE cases, respectively, with 2/20
(10%) co-expressing both markers. Seven (7/20) had only
extranodal involvement at DLBCL diagnosis. As expected,
non-GCB cases had worse survival. Cases presenting
exclusively with extranodal disease were associated with
shorter SLE duration and better survival despite higher
BCL2 protein expression.

Conclusions We present novel data characterising DLBCL
in SLE. Sixty per cent of the DLBCL in patients with SLE
were non-GCB. The nodal and extranodal distribution

in SLE was similar to what is known in the general
population, but extranodal disease occurred more often
with short SLE duration and was associated with longer
overall survival. More research on cancer in SLE is the key
to further understanding the complex interplay between
cancer and the immune system.

INTRODUCTION

Itis well recognised that patients with SLE are
at increased risk of developing haematolog-
ical malignancies.' * In particular, non-Hodg-
kin’s lymphoma (NHL) is clearly increased in
patients with SLE compared with the general
population.” As in the general population,

the majority of NHL in patients with SLE are
diffuse large B-cell lymphomas (DLBCLs) 2

DLBCL has been stratified by gene expres-
sion profiling into two major groups associ-
ated with their cell of origin (COO).* The
germinal centre B-cell-like (GCB) subtype
is more common and associated with better
patient outcomes; it is related to BCL2 gene
rearrangements and  PI3K/AKT/mTOR
pathway activation along with EZH2 gain-of-
function mutations.” ® The non-GCB type is
mostly composed of lymphoma cells with an
activated B-cell profile. Non-GCB DLBCL
have a worse prognosis and are associated with
nuclear factor-kappa B (NF-xB) and Janus
kinase and signal transducer and activator of
transcription proteins (JAK-STAT) pathway
activation. Such pathways are typically acti-
vated by mutations of cluster of differentia-
tion 79A/B (CD79A/B), caspase recruitment
domain family, member 11 (CARDII),
tumour necrosis factor alpha-induced protein
3 (TNFAIP3 or A20) and myeloid differentia-
tion primary response gene 88 (MYD88).""2

Subtyping of DLBCL is now required by the
WHO guidelines and part of routine care in
most institutions, as it plays an important role
in prognosticating the outcome of patients
and guiding management."” '* It is unknown
to date if the worse survival observed in
DLBCL in patient SLE compared with the
general population is proportionally driven
by both main subtypes or one in particular.
The use of immunohistochemistry (IHC)-
based algorithms (most commonly the Hans
algorithm) is an acceptable alternative to
gene expression profiling in the determina-
tion of COO in DLBCL.®"?

SLE is a unique model to study the
development and clinical behaviour of

BM)
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lymphoproliferative malignancies such as DLBCL. Our
objective was to describe a series of DLBCL in patients
with SLE, and study associations between clinical and
histopathological features.

SUBJECTS AND METHODS

We studied patients with SLE® '° with DLBCL occur-
ring any time after SLE diagnosis and if formalin-fixed,
paraffin-embedded tissue blocks were available. All cases
fulfilled the American College of Rheumatology criteria
and the diagnosis was also clinically confirmed by tertiary
centre rheumatologists. The specimens were submitted
to Vancouver, BC and reviewed by two pathologists (PF
and BT-C). Twelve cases were interpreted from tissue
microarray slides, built using two 0.6 mm cores per case
from areas of tumour as determined by routine micros-
copy on H&E-stained sections. The other eight cases were
reviewed on 4 pm whole-tissue slides. Clinical informa-
tion including both date of SLE and DLBCL diagnosis
were available for each case of DLBCL.

IHC markers for pathology review by PF and BT-C
included CD10 (clone 56C6; Ventana Medical Systems,
Tucson, Arizona, USA), BCL6 (clone LNZ22; Dako,
Glostrup, Denmark) and MUMI1 (MUMlIlp; Abcam,
Cambridge, UK), GCET1 (clone RAM431; Abcam),
FOXP1 (clone JC12; Thermo Fisher Scientific, Waltham,
Massachusetts, USA), BCL2 (clone 124; Dako) and
MYC (clone Y69; Ventana Medical Systems). In order to
subclassify the DLBCL cases by COO, IHC was performed
using the same methods and cut-off values as described by
Hans et al'” (CD10 =30%, BCL6 >30%, MUM1 =30%) and
Choi et al (GCET 280%, MUM1 280%, CD10 230%, BCL6
230%, FOXP1280%), the two most commonly used COO
determination THC algorithms.® MYC and BCL2 positivity
were defined as staining in over 40% and 50% of tumour
cells, respectively, and co-expression of both proteins was
termed dual expressers.'®

Subsequent analysis was performed using results from
the Hans algorithm to facilitate comparison with other
studies. With overall survival (ie, time until death) as the
outcome variable, Kaplan-Meier survival curves were used
to visualise differences in survival with respect to COO
and nodal status. Significance for Kaplan-Meier analysis
was determined using the log-rank test. We assessed if key
demographic or clinical features were significantly asso-
ciated with either GCB versus non-GCB or nodal versus
extranodal disease. These variables included (1) age at
DLBCL diagnosis (years), (2) age at SLE diagnosis (years),
(3) SLE duration (years), (4) sex (female=reference), (5)
presence of extranodal involvement (any nodal involve-
ment=reference), and expression (percentage of positive
cells) of (6) BCL2, (7) BCL6 and (8) MYC.

Univariable Cox proportional hazards models were
performed for (1) sex, (2) year of SLE diagnosis (to
control for treatment modality), (3) nodal status, (4)
COO and (5) age of cancer diagnosis. At the risk of over-
fitting the data, a final adjusted multivariable model using

Table 1 Descriptive features of the SLE-DLBCL (n=20)
cohort
Variable Median (IQR)
Age of SLE diagnosis 45 (36-54)
Age at time of DLBCL diagnosis 58 (48-66)
SLE duration at DLBCL diagnosis 11 (5-18)*
N (%)
Sex (female) 18 (90)
Diagnosed after 1991 12 (60)
Nodal-only involvement 10 (50)
Extranodal-only involvement 7 (35)
MYC-IHC positive 6 (30)
BCL2-IHC positive 8 (40)
BCL6-IHC positive 7 (35)
Dual expressers* 2 (10)
Non-germinal B-cell origin (Hans) 12 (60)

*Defined as expression of MYC and BCL2 by
immunohistochemistry (IHC).
DLBCL, diffuse large B-cell lymphoma.

all variables was tested. All analyses were performed in
R (V.3.3.3) using RStudio (V.0.99.902) with add-on data.
table (V.1.10.4) and survival (V.2.41) packages.

RESULTS

We analysed 20 cases of DLBCL for which tumour tissue
was available; 12 cases were from Sweden, seven from
Canada and one from the USA. Of these, 18 (90%) were
female, the median age at the time of lymphoma diag-
nosis was 58 (range 33-82, average 56) years and the
median SLE duration at DLBCL diagnosis was 11 (range
1-29, average 12) years. Seven of 20 (35%) DLBCLs had
only extranodal involvement at initial diagnosis, 10 (50%)
had only nodal involvement and 3 (15%) had both nodal
and extranodal disease. Table 1 summarises the demo-
graphic and clinical characteristics and provides IQRs
where appropriate.

The IHC analysis showed CD10 positivity in 6,/20 (30%),
BCL6 6/20 (30%), MUMI1 7/20 (35%), GCET1 0/20
(0%), FOXP17/20 (35%) and CD20 20,/20 (100%). MYC
IHC was positive in six (30%) and eight (40%) were posi-
tive for BCL2, two of which were dual expressors (MYC
and BCL2). Twelve cases (60%, 95% CI 39% to 78 %) were
classified as non-GCB whereas 8/20 (40%, 95% CI 22%
to 61%) were classified as GCB. Except for two divergent
cases, the two algorithms showed identical results. Of the
eight GCB cases, three had extranodal involvement (one
with both nodal and extranodal disease) compared with
seven (two with both nodal and extranodal) in the 12
non-GCB cases.

The median survival for all 20 cases was 39 (mean 64)
months. For the GCB cases, median survival was 67 (mean
103) months and for the non-GCB cases median survival
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Figure 1 Kaplan-Meier analysis of overall survival based on

(A) cell of origin and (B) nodal status. GCB, germinal centre
B-cell.

was 17 (mean 38) months. Median survival was 86 (mean
106) months for patients with extranodal involvement
only, 28.5 (mean 48.3) months in patients with nodal
involvement only and 8 (mean 17.3) months in cases with
both nodal and extranodal disease.

Stratified Kaplan-Meier survival curves suggested that
both non-GCB subtype and nodal status were associated
with worse overall survival (figure 1). In both univariate
and multivariable Cox proportional hazards models, both
non-GCB type and nodal status (any nodal involvement vs
none) were associated with lower survival (table 2).

Stratification of cases by nodal status revealed that SLE
duration at DLBCL diagnosis was much longer in cases
presenting with nodal-only involvement (figure 2) and
that BCL2 expression tended to be greater in patients
presenting with extranodal involvement only. We were
unable to detect any molecular or clinical features
differing by COO subtype.

DISCUSSION

We and others have described a more than fourfold
increase in lymphoma for patients with SLE compared
with the age-matched and sex-matched general popu-
lation.” The reason for this is not fully understood, but
both immunological abnormalities (which may be driven
by genetic factors) and drug exposures (primarily cyclo-
phosphamide) may play a role.'"™!
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Figure 2 Box plot comparing cases of nodal and extranodal
disease in terms of (A) proportion of BCL2-positive cells and
(B) SLE duration at the time of diffuse large B-cell lymphoma
(DLBCL).

Proportion of BCL2 Positive Cases
SLE duration at time of DLBCL [years]

Sixty per cent of the DLBCL in patients with SLE
were non-GCB. In recent analyses of a population-based
registry study of DLBCL (n=348) using the Hans algo-
rithm, 41% were non-GCB and 59% were GCB.? Our
SLE sample, with 60% of cases being non-GCB, certainly
tends towards the upper limit of what has been described
in the general population. As in the general population,
the non-GCB subtype in SLE cases was associated with
shorter survival. The rate and pattern of incidence of dual
expressers of MYC and BCL2 in our cohort is comparable
with the general population, where dual expressors tend
to be non-GCB types and are associated, in the general
population, with poorer survival.”> ** One of these dual
expresser SLE cases with disease localised to the lymph
node had short survival (3 months) whereas the other
had extranodal involvement only and a much longer
survival (85 months)."” '® It must be acknowledged that
the interpretation of our results is limited by the sample
size. However, taken together, these results may suggest
that the effect of SLE on overall DLBCL incidence and
survival is unlikely to be specific for the biology of either
subtype, as discussed in the following paragraph.

From a pathophysiological perspective, SLE itself
potentially shares mechanisms with both GCB and
non-GCB types. Non-GCB DLBCLs rely on the activa-
tion of the NF-xB and JAK-STAT pathways, both directly
affected in SLE through derangements of A20, tumour

Table 2 Cox proportional HR for survival in SLE-DLBCL (n=20)

Feature (reference)

Unadjusted (HR; 95% CI)

Adjusted (HR; 95% CI)

Sex (female)

Year of diagnosis

Nodal status (any nodal involvement)
Cell of origin (non-GCB)

Age of cancer diagnosis

2.64; 0.95 to 7.37
0.97; 0.92 to 1.02
0.29; 0.10 to 0.83
0.28; 0.08 to 0.93
1.03; 0.99 to 1.07

14.21; 1.91 to 103.03
1.00; 0.91 to 1.06
0.05; 0.02 to 0.28
0.07;0.02t0 0.18
1.08; 0.98 to 1.15

*The adjusted model included all four variables in this table.
DLBCL, diffuse large B-cell ymphoma; GCB, germinal centre B-cell.
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necrosis factor superfamily (7NFSI4), TNFoa, CD79,
CARDI11 and interleukin-1 receptor-associated kinase 1
(IRAKI) activity as well as epigenetic modifications.*' >’
Interestingly, in primary Sjogren’s syndrome, an autoim-
mune rheumatic disease at high risk for mucosa-associ-
ated lymphoid tissue (MALT) lymphoma, most MALT
cases have either germline polymorphisms of TNFAIP3,
related to the A20 protein important in NF-kB activation,
or somatic alterations of the gene within the lymphoma
tissue.” Moreover, polymorphisms of TNFAIP3 are
common to rheumatoid arthritis (yet another condition
linked with lymphoma) and Hodgkin’s lymphoma.31 In
previous genome-wide association analyses, our group
was unable to confirm a strong relationship with the
lupus-related TNFAIP3 single-nucleotide polymorphism
(SNP) rs7749323 specifically for DLBCL, but this may be
a sample size issue. In those analyses, the rs2205960 SNP,
related to TNFSF4, was associated with an OR per risk
allele of 1.07, 95% CI 1.00 to 1.16, p value 0.0549.” The
OR for the SLE interferon regulatory factor risk allele
rs12537284 (chromosome 7q32, gene) was 1.08, 95% CI
0.99 to 1.18, p value 0.0765.

The STAT4 lupus risk SNP rs7582694 meanwhile was
not clearly linked to DLBCL. Our interpretation is that
TNFAIP3, TNFSF4 and possibly interferon pathways are
of high interest as potential mediators of the risk of DLBC
(particularly non-GCB type) in SLE. However, it will be
interesting to see if emerging SLE treatments based on
JAK kinase inhibition could ultimately modulate the risk
of DLBCL in lupus populations.™

On the other hand, DLBCLs of the GCB type are
often defined by PI3K/AKT/mTOR pathway which may
be hyperactivated in SLE secondary to defective PTEN
expression.” ° ** Other evidence showed that cyclophos-
phamide, a medication used to treat lupus, is partly
responsible for the increased incidence of lymphomas in
patients with SLE, but it is unclear if it would favour devel-
opment of a particular molecular subtype.” Rapamycin
and other mTOR inhibitors have the potential to block
this central pathway in both autoimmune diseases like
SLE and also various forms of cancer. The advent of this
new approach in SLE represents another way that novel
drug development could potentially modify some of the
altered cancer risk in lupus.

Just over half of our DLBCL cases were diagnosed at a
SLE duration beyond 10 years. Extranodal involvement
was more common in patients with shorter SLE duration,
and those cases with only extranodal involvement had
the best survival. Those with both nodal and extranodal
involvement had the worst survival, with nodal-only cases
showing intermediate results. This is somewhat different
than what is seen from population-based studies where
extranodal involvement is typically a marker for worse
survival.”® It is unclear why extranodal involvement of
DLBCL (despite being also associated with BCL2 protein
expression, itself a marker of poor prognosis> 7y would
be associated with better survival, but the results may
be driven by the association with shorter SLE duration

(although our previous analyses suggested higher all-cause
standardised mortality ratios in low-duration SLE). The
results may alternatively reflect a type of detection bias
(if, eg, extranodal DLBCL in SLE is picked up earlier
than nodal-only disease). However, extranodal DLBCL
presenting symptoms are often more subtle than nodal
DLBCL, where systemic B-symptoms are common,™ often
triggering investigation.

In general, chronic inflammation is associated with
lymphoproliferative disorders and could establish an
environment fertile to the development of DLBCL in
both nodal and extranodal sites.” We note that the ratio
between nodal and extranodal involvement does not
seem to be different between patients with SLE and the
general population.

Summary

Sixty per cent of the DLBCL in patients with SLE were
non-GCB. We believe that TNFAIP3, TNFSF4 and possibly
interferon pathways are of high interest as potential medi-
ators of the risk of DLBC (particularly non-GCB type) in
SLE. The nodal and extranodal distribution was similar
between patients with SLE and the general population,
but extranodal disease occurred more often in patients
with short SLE duration and was associated with longer
overall survival. Although sample size limits the inter-
pretation of our results, our findings suggest that the
immunological alterations in patients with SLE influence
the tumour biology of DLBCL. More research studying
cancer in SLE will be key to understanding the complex
interplay between cancer and the immune system, espe-
cially as emerging lupus treatments could have important
effects on related pathways.

Author affiliations

'Anatomical Pathology and Laboratory Medicine, University of British Columbia,
Vancouver, British Columbia, Canada

2Faculty of Medicine, University of British Columbia, Vancouver, British Columbia,
Canada

SDepartment of Medical Sciences, Uppsala Universitet, Uppsala, Sweden
“Department of Pathology and Laboratory Medicine, University of British Columbia,
Vancouver, British Columbia, Canada

SPathology Department and Centre for Lymphoid Cancer, British Columbia Cancer
Agency, Vancouver, British Columbia, Canada

%Department of Medicine, Sir Mortimer B Davis Jewish General Hospital, Montreal,
Québec, Canada

"Department of Rheumatology and Immunology, Medical University of South
Carolina, Charleston, South Carolina, USA

8Medicine, Medical University of South Carolina, Charleston, South Carolina, USA
®University of Calgary, Calgary, Alberta, Canada

"Medicine/Rheumatology, Northwestern University, Chicago, lllinois, USA
"Division of Clinical Epidemiology, McGill University Health Centre, Montreal,
Québec, Canada

"2Department of Medicine, McGill University, Montreal, Québec, Canada

Acknowledgements We thank Dr Bjorn Lofstrom for his help supervising the case
collection.

Contributors SB, AEC, BT-C and PF designed the research study. PF, RG, EB, NJ,

CB, DLK, AEC, RR-G, JL and SB contributed essential clinical data and tumour tissue.
BT-C and PF performed the pathology review and immunohistochemistry scoring.
BT-C, PF, DT and SB analysed the data. All authors contributed to the interpretation of
results and writing of the manuscript. All authors approved the manuscript.

4 Tessier-Cloutier B, et al. Lupus Science & Medicine 2019;6:6000324. doi:10.1136/lupus-2019-000324



Epidemiology and outcomes

Hu S, Xu-Monette ZY, Tzankov A, et al. MYC/BCL2 protein
coexpression contributes to the inferior survival of activated B-cell
subtype of diffuse large B-cell ymphoma and demonstrates high-risk
gene expression signatures: a report from The International DLBCL
Rituximab-CHOP Consortium Program. Blood 2013;121:4021-31.
quiz 250.
19. Lofstrom B, Backlin C, Pettersson TOM, et al. Expression of APRIL
in diffuse large B cell ymphomas from patients with systemic
lupus erythematosus and rheumatoid arthritis. J Rheumatol
2011;38:1891-7.
20. Yao X, Huang J, Zhong H, et al. Targeting interleukin-6 in
inflammatory autoimmune diseases and cancers. Pharmacol Ther
2014;141:125-39.
Bernatsky SSJ, Gaffney PM, Smedby K E, et al. Lupus-related SNPs

Funding The authors have not declared a specific grant for this research from any 18.
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent for publication Obtained.

Ethics approval The study was approved by the Research Ethics Board of the
MecGill University Health Centre (GEN-06-031) and the participating institutions.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the

Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially, 21,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use

and risk of diffuse large B-cell non-Hodgkin lymphoma [abstract].
Arthritis Rheumatol 2015;67(suppl 10).

is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/. 22. Ennishi D, Mottok A, Ben-Neriah S, et al. Genetic profiling of MYC
and BCL2 in diffuse large B-cell ymphoma determines cell-of-origin—
specific clinical impact. Blood 2017;129:2760-70.
23. Johnson NA, Savage KJ, Ludkovski O, et al. Lymphomas with
REFERENCES concu_rrent BCLZ an(_:l MYC translocations: the critical factors
. o ) . ) associated with survival. Blood 2009;114:2273-9.
1. c?iI:SagéLSE)ng?::gellljr?c;r?-llj-lsgjgl?igl:S%%Lg?;ﬁnlt\lsayggygifra;;ol 24. , Slack. GW, Savage KJ, et al. Concurrent expres‘sion. of MYC and
5011:7-360-8. BCL2 in diffuse !arge B-cell Iymphqmq trgated with r|tu>.<|mab plus
2. Bernétsky Set al. Non-Hodgkin's lymphoma in systemic lupus g};plcg)hoslpzhc;n;gg,.gf;;rgblcm, vincristine, and prednisone. J of
erythematosus. Ann Rheum Dis 2005:64:1507-9. 25. Katfman KM, Zhao J, Kelly JA, et al. Fine mapping of Xq26:
3 Bernats_ky S, Ramsey-GoIdman R, L_abrecque_J, et al. Cancer risk in - both MECP2 ‘and IRA’K1 contriioute fo risk for systemic Iupué
Zﬁﬁmﬁ;:p;; gq;ag%t_esd international muiti-centre cohort study. J erythematosus in multiple ancestral groups. Ann Rheum Dis
4. Rosenwald A, Wright G, Chan WC, et al. The use of molecular 26 \2/\?1:’75?/37n‘::4'\/vil GB. et al. An enhancer element harborin
profiling to predict survival after chemotherapy for diffuse large-B- - Yang s, Vien T, Wiiey =i, et al. An ennancer element harboring
cell lymphoma. N Engl J Med 2002;346:1937-47. variants associated with systemlc lupus ewthematosus engages
5. Morin RD, Mendez-Lago M, Mungall AJ, et al. Frequent mutation the T.NI.:AIPS promoter to influence A20 expression. PLoS Genet
of histone-modifying genes in non-Hodgkin lymphoma. Nature 2013;9:61003750. . )
2011:476:298-303. 27. Zhang Z, Sgng L, Maur(_er K, et al. Global H4 acetylation analysis
6. Choi WWL, Weisenburger DD, Greiner TC, et al. A new immunostain Iby ChIPQ-S%p;q ?}és“tegg;c lupus erythematosus monocytes. Genes
: P ) . mmun ;11:124-33.
:F&;Lherz \(z:vliilﬁsr:?ger? géféﬂfsc'?.r%ﬁc?"c'ayrﬂmgﬁe';’,fhm°'e°”'ar 28. Bolin K, Sandling JK, Zickert A, et al. Association of STAT4
2009:15:5494-502. polymorphism with severe renal insufficiency in lupus nephritis. PLoS
7. Compagno M, Lim WK, Grunn A, et al. Mutations of multiple genes ONE 2013;8:684450' . ) .
cause deregulation of NF-kB in diffuse large B-cell lymphoma. 29. Hardy IR, Anceriz N, Rousseau_ F, et al. Antl-CD79 antibody induces
Nature 2009;459:717-21. B cell anergy that protects against autoimmunity. J Immunol
8. Davis RE, Ngo VN, Lenz G, et al. Chronic active B-cell-receptor 2014;192:1641-50. o )
signalling in diffuse large B-cell ymphoma. Nature 2010;463:88-92. 30. Nocturne G, Boudaoud S, Miceli-Richard C, et al. Germline and
9. Kato M, Sanada M, Kato |, et al. Frequent inactivation of A20 in somatic genetic variations of TNFAIP3 in lymphoma complicating
B-cell lymphomas. Nature 2009;459:712-6. primary Sjogren’s syndrome. Blood 2013;122:4068-76. N
10. Lenz G, Davis RE, Ngo VN, et al. Oncogenic CARD11 mutations in 31. OkadaY, Wu D, Ttynka G, et al. Genetics of rheumatoid arthritis
human diffuse large B cell lymphoma. Science 2008;319:1676-9. contributes to biology and drug discovery. Nature 2014;506:376-81.
11. Ngo VN, Young RM, Schmitz R, et al. Oncogenically active MyD88 32. Bernatsky S, Velasquez Garcia HA, Spinelli JJ, et al. Lupus-related
mutations in human lymphoma. Nature 2011;470:115-9. single nucleotide poly.morphlsms and risk of diffuse large B-cell
12. Roschewski M, Staudt LM, Wilson WH. Diffuse large B-cell lymphoma. Lupus Sci Med 2017;4:6000187. o .
lymphoma—treatment approaches in the molecular era. Nat Rev Clin 33. Wallace RAF DJ, Tanaka Y, Kalunian KC, et al. Baricitinib in systemic
Oncol 2014;11:12-23. lupus erythematosus (SLE): results from a phase 2, randomised,
13. Hernandez-llizaliturri FJ, Deeb G, Zinzani PL, et al. Higher response double-blind, placebo-controlled study. EULAR, Annual European
to lenalidomide in relapsed/refractory diffuse large B-cell lymphoma Congress of Rheumatology 2018. _ .
in nongerminal center B-cell-like than in germinal center B-cell-like 34. XN W, YX'Y, Niu JW, et al. Defective PTEN regulation contributes to
phenotype. Cancer 2011;117:5058-66. B cell hyperresponsiveness in systemic lupus erythematosus. Sci
14. Nowakowski GS, LaPlant B, Macon WR, et al. Lenalidomide Transl Med 2014;6.
combined with R-CHOP overcomes negative prognostic impact of 35. Bernatsky S, Ramsey-Goldman R, Joseph L, et al. Lymphoma risk
non-germinal center B-cell phenotype in newly diagnosed diffuse in systemic lupus: effects of disease activity versus treatment. Ann
large B-cell lymphoma: a phase Il study. JCO 2015;33:251-7. Rheum Dis 2014;73:138-42.
15. Scott DW, Mottok A, Ennishi D, et al. Prognostic significance of 36. Takahashi H, Tomita N, Yokoyama M, et al. Prognostic impact of
diffuse large B-cell lymphoma cell of origin determined by digital extranodal involvement in diffuse large B-cell lymphoma in the
gene expression in formalin-fixed paraffin-embedded tissue biopsies. rituximab era. Cancer 2012;118:4166-72.
J Clin Oncol 2015;33:2848-56. 37. Gascoyne RD, Adomat SA, Krajewski S, et al. Prognostic significance
16. Goobie GC, Bernatsky S, Ramsey-Goldman R, et al. Malignancies of Bel-2 protein expression and Bcl-2 gene rearrangement in diffuse
in systemic lupus erythematosus. Curr Opin Rheumatol aggressive non-Hodgkin's lymphoma. Blood 1997;90:244-51.
2015;27:454-60. 38. Neri N, Jesis Nambo M, Avilés A. Diffuse large B-cell lymphoma
17. Hans CPet al. Confirmation of the molecular classification of diffuse primary of lung. Hematology 2011;16:110-2.
large B-cell lymphoma by immunohistochemistry using a tissue 39. Coussens LM, Werb Z. Inflammation and cancer. Nature

microarray. Blood 2004;103:275-82.

2002;420:860-7.

Tessier-Cloutier B, et al. Lupus Science & Medicine 2019;6:6000324. doi:10.1136/lupus-2019-000324 5


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1038/nrrheum.2011.62
http://dx.doi.org/10.1136/ard.2004.034504
http://dx.doi.org/10.1016/j.jaut.2012.12.009
http://dx.doi.org/10.1016/j.jaut.2012.12.009
http://dx.doi.org/10.1056/NEJMoa012914
http://dx.doi.org/10.1038/nature10351
http://dx.doi.org/10.1158/1078-0432.CCR-09-0113
http://dx.doi.org/10.1038/nature07968
http://dx.doi.org/10.1038/nature08638
http://dx.doi.org/10.1038/nature07969
http://dx.doi.org/10.1126/science.1153629
http://dx.doi.org/10.1038/nature09671
http://dx.doi.org/10.1038/nrclinonc.2013.197
http://dx.doi.org/10.1038/nrclinonc.2013.197
http://dx.doi.org/10.1002/cncr.26135
http://dx.doi.org/10.1200/JCO.2014.55.5714
http://dx.doi.org/10.1200/JCO.2014.60.2383
http://dx.doi.org/10.1097/BOR.0000000000000202
http://dx.doi.org/10.1182/blood-2003-05-1545
http://dx.doi.org/10.1182/blood-2012-10-460063
http://dx.doi.org/10.3899/jrheum.101190
http://dx.doi.org/10.1016/j.pharmthera.2013.09.004
http://dx.doi.org/10.1182/blood-2016-11-747022
http://dx.doi.org/10.1182/blood-2009-03-212191
http://dx.doi.org/10.1200/JCO.2011.41.0985
http://dx.doi.org/10.1200/JCO.2011.41.0985
http://dx.doi.org/10.1136/annrheumdis-2012-201851
http://dx.doi.org/10.1371/journal.pgen.1003750
http://dx.doi.org/10.1038/gene.2009.66
http://dx.doi.org/10.1038/gene.2009.66
http://dx.doi.org/10.1371/journal.pone.0084450
http://dx.doi.org/10.1371/journal.pone.0084450
http://dx.doi.org/10.4049/jimmunol.1302672
http://dx.doi.org/10.1182/blood-2013-05-503383
http://dx.doi.org/10.1038/nature12873
http://dx.doi.org/10.1136/lupus-2016-000187
http://dx.doi.org/10.1136/annrheumdis-2012-202099
http://dx.doi.org/10.1136/annrheumdis-2012-202099
http://dx.doi.org/10.1002/cncr.27381
http://dx.doi.org/10.1179/102453311X12940641877722
http://dx.doi.org/10.1038/nature01322

	Cell of origin in diffuse large B-cell lymphoma in systemic lupus erythematosus: molecular and clinical factors associated with survival
	Abstract
	Introduction
	Subjects and methods
	Results
	Discussion
	Summary

	References


