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Diffuse large B-cell lymphoma in and of the bone. Forms and potential precursors

Abstract

Primary diffuse large B-cell lymphoma of
the bone (PB-DLBCL) is a rare event and is a
diagnosis by exclusion of secondary bone
involvement. Here we review the literature
regarding PB-DLBCL and give essentials for
this diagnosis. Furthermore, we give an
overview of potential precursors and dis-
cuss chronic recurrent multifocal osteomy-
elitis (CRMO) as a potential risk factor for
PB-DLBCL development in the young.

Primary Bone Diffuse Large
B-cell Lymphoma (PB-DLBCL)

Primary bone non-Hodgkin lymphoma,
other than plasmocytic myeloma and soli-
tary plasmacytoma of bone, is defined by
the World Health Organization (WHO) as a
neoplasm composed of malignant lym-
phoid cells, with one or more bone le-
sions; by definition, lymph node or other
extranodal lesions are not involved [1]. Pri-
mary lymphoma of bone is rare and ac-
counts for less than 2% of adult
lymphomas [2] and approximatively for
7 % of malignant bone tumors. Between
70 and 80% of primary bone lymphomas
are classified as diffuse large B-cell lym-
phoma (DLBCL), the rest are anaplastic
large, mostly ALK-positive T-cell lympho-
mas [3–5]. These aggressive lymphomas
have preference for the axial skeleton and
long tubular bones. The most commonly
affected bones are femur, ilium, vertebrae,
and humerus. PB-DLBCL is exceedingly
rare in the young and tends to occur at
the age of 45 while the peak incidence is
in the range of 75 to 79 years [6].

Main symptoms are pain, local tenderness,
redness, swelling, and nerve compression
(related to the tumor location). Pathologi-
cal fractures occur in 10–20% of PB-DLBCL,
and, therefore, this is the most frequent
complication at presentation of primary
bone lymphoma [7].

The standard treatment for all kinds of
DLBCL is the R-CHOP (Rituximab immuno-
therapy, i.e., an anti CD20 monoclonal anti-
body), combined with cyclophosphamide,
doxorubicin hydrochloride, vincristine, and
prednisone), the total number of cycles
and addition of radiation therapy depen-
ding on tumor bulk [8].

DLBCL is a neoplasm of diffusely arranged
medium or large lymphoid B-cells with nu-
clei more than twice the size of normal
lymphocytes nuclei featuring open chro-
matin [9]. These lymphomas are CD20 +
(▶Figure 1 A–D), CD3-, CyclinD1-, CD138-
and have a high proliferation (KI-67) index
generally above 50%. Traditionally, DLBCLs
were further characterized by cytomorpho-
logy as centroblastic, immunoblastic, plas-
moblastic, and anaplastic. The current
WHO classification still lists these variants,
however, has promoted the transciptome-
based molecular subgrouping with the two
major subtypes activated B-cell-like (ABC)
and germinal-center B-cell-like (GCB); by
immunohistochemistry, this subdivision
can be approximately done using an algo-
rithm proposed by Hans following the ex-
pression of CD10, Bcl-6, and MUM-1 [10].
More recently, multiplatform genetic analy-
sis allowed the identification of five subty-
pes of DLBCL making a further step in the
direction of precision medicine [11, 12].
PB-DLBCL has been found to be predomi-
nantly of the ABC type [13]. Regarding
bone as primary DLBCL location, the clinical
significance of multifocal bone involvement
has been investigated, in comparison with
unifocal primary and secondary bone lym-
phoma. Multifocal primary bone DLBCL is
very rare and constitutes around 3–10% of
cases in the largest reported series of pri-
mary bone lymphomas [14]. Findings of
Wu et al. (2014) suggest a major similarity
between multifocal primary bone and se-
condary involvement rather than with uni-
focal DLBCL of the bone [15]. On the other
hand, in the study of Messina et al. (2014)

prognosis of multifocal primary bone
DLBCL is significantly better than bone in-
volvement at advanced stages of systemic
DLBCL [14].

The relationship between chronic inflam-
mation and lymphoma development is well
established for marginal B-cell lymphoma
of the salivary gland and Sjögrens’ disease,
of lacrimal gland and chlamydial dacryoa-
denitis, of gastric marginal B-cell lym-
phoma and chronic gastritis, e.g., due to H.
pylori infection, and for gluten-sensitive en-
teropathy-associated intestinal T-cell lym-
phoma [9]. The relationship is far less clear,
if at all existing for chronic inflammation of
the bone and subsequent lymphoma
development.

We here list anecdotal observations sug-
gesting such a relationship.
▪ Rheumatoid arthritis: Patients with

rheumatoid arthritis (RA) are at a dou-
ble risk of developing malignant lym-
phoma and studies and case series of
RA-associated lymphomas indicate an
increased proportion of diffuse large B-
cell lymphomas (DLBCLs) in RA patients
[16].

▪ Implantation of cobalt-chromium-
molybdenum alloy joint prosthesis:
The coincidence of PB-DLBCL was de-
scribed in a patient during a surgical re-
vision of the loosened prosthesis.
Debris in the periprosthetic membrane
are antigenic and lead to chronic in-
flammation through macrophage ac-
tivation [17]. The pathogenesis has also
been correlated with the release of
chromium and cobalt ions from the
prothesis [18].

▪ Chronic recurrent multifocal osteomy-
elitis (CRMO): There are different case
reports on patients diagnosed with
bone DLBCL after years of CRMO, espe-
cially in younger patients.

▪ Moreover, infectious osteomyelitis in
general has been seen associated with
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other types of tumor, e.g., carcinoma
and sarcoma and even DLBCL [19, 20]
Asif et al. in 2019 describe the case of a
75 years old patients, diagnosed with os-
teomyelitis caused by Raoultella planti-
cola infection and subsequent discovery
of DLBC [21]. Senthilvel et al. in 2011 re-
port on a 51 years old patient, with a
rare primary DLBCL of the skull that was
distinguished from osteomyelitis only by
biopsy of the tumor mass. The authors
state that this peculiar site made the for-
mulation of the diagnosis difficult [22].
Romero-Rojas in 2014 described in a
27 years old patient, a DLBCL after three
years of diagnosis of chronic osteomyeli-
tis, following a long asymptomatic pe-
riod. The authors conclusions point to
the rare association between chronic in-
flammation and DLBCL, associated with
EBV infection, metallic bone implants or
Paget’s disease [20].

Chronic Recurrent Multifocal
Osteomyelitis

Osteomyelitis in its typical form is an in-
flammatory state caused by infection, the
most common agent being S. aureus follo-
wed by Propionibacterium sp. [23], Pseudo-
monas aeruginosa [24], C. albicans, and
Aspergillus sp. [25].

By contrast, chronic recurrent multifocal
osteomyelitis (CRMO) is a rare, but most
severe variant in the spectrum of chronic
non-bacterial osteomyelitis, generally re-
garded as autoinflammatory disorders
[26]. CRMO typically occurs in children and
young adults. The most commonly affected
sites are the diaphysis of the tibia and the
femurs as well as the clavicle; CRMO may
present symmetrically, since involvement
of similar sites in both extremities have
been described [27]. Main symptoms are
fever, local swelling, and pain in the affec-
ted bones, sometimes accompanied by
redness and skin inflammation [6].

Treatment for CRMO usually involves non-
steroidal anti-inflammatory drugs, corticos-
teroids, anti-rheumatic drugs, anti-TNF
agents, or bisphosphonates. The choice of
treatment relied for many years on the ex-
pert experience instead of empiric case
data collection [28]. Only recently the
Childhood Arthritis and Rheumatology

Research Alliance [29] defined treatment
guidelines for chronic non-bacterial osteo-
myelitis and CRMO. The first line treatment
consists in non-steroidal anti-inflammatory
drugs (NSAIDs), while for second line the-
rapy different options are defined: non-bio-
logical disease modifying anti-rheumatic
drugs (DMARDs), TNF-α inhibitors with or
without methotrexate or bisphospho-
nate [30].

The main pathophysiological mechanism of
CRMO is thought to be a deregulation of
pro- and anti-inflammatory cytokine ba-
lance, and the major players being IL-10 and
overactivation of the inflammasome [31].

Difficulties in diagnosis of
CRMO and bone DLBCL

For diagnosis of bone disorders acquisition
of sufficient material is a prerequisite;
however, needle bone biopsy may provide
little amounts of material and is especially
challenging in the long bones, while surgi-
cal biopsy is an invasive procedure. For this
reason the main initial diagnostic tools are
imaging technique, starting from standard
radiography to higher resolution technique
as PET [32] and MRI [33].

Regarding symptoms, CRMO and PB-DLBCL
are largely overlapping with pain, swelling,
and fracture. However, histology and immu-
nohistology sufficiently define lymphoma.
Absence of sheets of blastic cells, a high
content of small lymphocytes and plasma
cells in the absence of granulocytes charac-
terize chronic osteomyelitis (▶Figure 2 A–F).
In doubtful situations, an immunoglobulin
heavy chain rearrangement analysis may be
done and is decisive since DLBCL is clonal
and CRMO is not.

Is there any relation between
primary bone DLBCL and
CMRO?
Reviewing the literature, we found a few
anecdotal observations of primary bone
DLBCL discovered even years after diagno-
sis of CRMO.

Sulko et al. (2013) report the case of a
15 years old patients, first diagnosed as a
CRMO, however, 20 months after the first
symptoms the diagnosis of DLBCL was put

forward on the basis of a biopsy of a supra-
clavicular lymph node, while a previous
bone biopsy did not show evidences of
DLBCL. In the article the authors show the
possibility of misdiagnosis of two indepen-
dent pathologic work-ups and speculate on
a causative correlation between CRMO and
DLBCL [19].

Jellicoe et al. (2008) describe a B-cell lym-
phoma in a 15 years old boy that arose ad-
jacent to the site of biopsy of documented
CRMO with a delay of 3.5 years. Original
biopsies were reexamined after the lym-
phoma diagnosis but the review confirmed
the absence of malignancy in the initial
biopsy [34].

In the cases cited, however, it is interesting
to note that initially the therapy for CRMO
had a positive effect on the patient and that
DLBCL seemed to emerge in a second step.

This is consistent with the hypothesis re-
garding a possible correlation between os-
teomyelitis and malignancies, such as
DLBCL, in a chronic inflammation context.
With all these findings it may be tempting
to speculate that the chronic inflammation

A

DC

B

▶Figure 1 Examples of Primary Bone Dif-
fuse Large B-cell Lymphoma (Hematoxy-
lin/Eosin staining; A, C). By immunohisto-
chemical staining the lymphomas are
strongly positive for CD20 (B, D). Scale
bar (A) = 200 µm. Scale bar (B, C, D) =
100 µm.
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caused by CRMO paves the way for the
emergence of primary bone DLBCL. Ar-
guing long this line a tight and long lasting
monitoring of CRMO patients seems advi-
sable [6].

In conclusion, diagnosis of primary DLBCL
of the bone is a histological diagnosis al-
ways needing the confirmation by exten-
sive clinical staging that excludes any kind
of systemic disease. For histology, a panel
of antibodies including CD20, CD3, BCL-6,
CD10, CD138, and MUM1 are essential.
CRMO is a differential diagnosis which is
excluded by histology, immunohistology
and by immunoglobulin rearrangement
showing a polyclonal pattern [35]. In case
of diagnostic difficulties, a reference cen-
ter for hematopathology should be
consulted.
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COSS-Register und Biomaterialbank – Herausforderungen und Chancen

Osteosarkome sind die häufigsten primären
malignen Knochentumoren bei Kindern, Ju-
gendlichen und jungen Erwachsenen. Seit
Gründung der Cooperativen Osteosarkom
Studiengruppe COSS im Jahr 1977 werden
Patienten mit Osteosarkomen und ähnli-
chen Knochentumoren aus Deutschland,
Österreich und der Schweiz, später auch
aus Tschechien und Ungarn, in der COSS-
Datenbank registriert und zeitlich unbe-
grenzt nachbeobachtet. Es handelt sich mit
über 5000 registrierten Patienten (Stand
10/2020) um eine der größten Osteosar-
kom-Kohorten weltweit. Die Prognose von
hochmalignen lokalisierten Osteosarkomen
hat sich in den letzten mehr als 30 Jahren
nicht wesentlich verändert [1].

Seit 2005 erfolgt die Datenspeicherung von
Patienten, die nicht an einer Therapieopti-
mierungsstudie von COSS teilnehmen, in
einem eigenen Register. Nach Ende der EU-
RAMOS-1-Studie für Patienten bis 40 Jahre
und des EURO-B.O.S.S.-Protokolls für Patien-
ten über 40 Jahre werden aktuell alle gemel-
deten Patienten in dieses Register rekrutiert.

Veränderte Regularien (EU-Datenschutz-
grundverordnung [EU-DSGVO] [2]) und
neue Kooperationen machen die Erstellung
eines neuen Registerprotokolls notwendig.
Bei dem geplanten „Register für Kinder, Ju-
gendliche und Erwachsene mit Osteosarko-
men und biologisch verwandten
Knochensarkomen: COSS-Register“ handelt
es sich um ein prospektives,

multizentrisches, klinisch/epidemiologisches,
nicht-interventionelles und internationales
Register. Am COSS-Register teilnehmen kön-
nen Behandlungszentren mit Sitz in Deutsch-
land, Österreich, Schweiz, Tschechien und
Ungarn, vorausgesetzt, dass ein Ethikvotum
vorliegt und die Bestimmungen des Proto-
kolls und der EU-DSGVO sowie der jeweils
gültigen nationalen Datenschutzgesetze ein-
gehalten werden. Der Start des Registers ist
für das 1. Quartal 2021 mit einer unbefriste-
ten Laufzeit geplant.

In das COSS-Register können Patienten jeden
Alters, Geschlechts und Tumorstadiums un-
abhängig von der Teilnahme an einer klini-
schen Studie eingeschlossen werden, sofern
die Diagnose eines Osteosarkoms (jeder
Subtyp oder eine Sonderform) oder eines
der folgenden Knochensarkome histopatho-
logisch gesichert wurde: undifferenziertes
pleomorphes Sarkom, dedifferenziertes oder
mesenchymales Chondrosarkom, Fibrosar-
kom, Angiosarkom bzw. Leiomyosarkom [3].
Zudem muss das Einverständnis zur Teil-
nahme am Register und an der Biomaterial-
bank vorliegen.

Im neuen COSS-Register werden weiterhin
Daten zu Diagnose, Behandlung und Krank-
heitsverlauf von Patienten mit Osteosarko-
men und verwandten Knochentumoren
erfasst. Mit seiner unbefristeten Laufzeit
gewährleistet es die Langzeitnachverfol-
gung dieser Patienten. Ziele des COSS-Re-
gisters sind die Erforschung von

Krankheitsursachen sowie die Identifikation
von Risikofaktoren für diese Tumoren. Es
dient als Rekrutierungsrahmen für zukünf-
tige klinische Phase-I-, Phase-II- oder The-
rapie-Optimierungsstudien und soll die
Datenbasis für zukünftige klinische sowie
translationale Forschung erweitern. Ein
neues und wichtiges Ziel des Registers ist
die Sammlung von biologischem Tumor-
material in einer Biomaterialbank (BMB) für
zukünftige Forschungsprojekte.

Die Neufassung des COSS-Registers wird
durch verschiedene Hindernisse erschwert:
allen voran die gültigen Datenschutzbe-
stimmungen, die eine Trennung von perso-
nenbezogenen Daten und medizinischen
Forschungsdaten fordern und einen Daten-
austausch zwischen behandelnder Klinik
und Register sowie BMB bzw. zwischen Re-
gister und BMB nur in pseudonymisierter
Form gestatten.

Eine weitere Hürde ist die im Vergleich zu
einer klinischen Studie meist geringere Be-
reitschaft von teilnehmenden Kliniken, Pati-
entendaten (zeitnah) in einem Register zu
dokumentieren. Im Rahmen eines Registers
ist es zudem schwieriger, die Registerteil-
nehmer zur Einsendung von Biomaterialpro-
ben in die BMB zu motivieren. Zur
Überwindung dieser beiden Hürden ist die
Integration des wissenschaftlichen Begleit-
projekts „Tumorprädispositionssyndrome
bei Kindern, Jugendlichen und Erwachse-
nen“ in das COSS-Register geplant. Eine
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