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imaging of malignant tumor. The low-dose CT imagines 
co-registered make the attenuation correction of metabolic 
imaging, and add the anatomic information in vivo in one 
scanning session. To date, the success of PET/CT in the 
oncology domain still relies on the use of 18F-FDG, and 
some recommendation of conduct of 18F-FDG PET/CT 
are listed in Table 1 (5).

Histopathologic lymphoma subtypes 

Since lymphomas are a heterogeneous group of neoplastic 
disease of lymphocyte origin, 18F-FDG avidity of lymphoma 
lesion correlates better with the histopathologic subtype 
than with clinical characteristics (8). Most malignant 
lymphomas, such as HL, diffuse large B cell lymphoma 
(DLBCL), Burkitt, mantle cell lymphoma (MCL), are 
shown as generally moderate to high 18F-FDG uptake with 
a sensitivity of 85-100% (Table 2). While, some indolent 
NHLs including marginal zone lymphomas (MZL), chronic 
lymphocytic leukemia/small lymphocytic lymphoma  
(CLL/SLL), and lymphoplasmacytic lymphoma (LPL) have 
no established role for the clinical usefulness of 18F-FDG 
PET because of the limited and variable 18F-FDG-avidity 
(Figure 1). Most of T-cell origin lymphoma is FDG-PET 
avid, except for the Enteropathy-type T-cell lymphoma 
(67%) and primary cutaneous anaplastic large cell lymphoma 
(36%) (Figure 2) (8,10). 

Several reports revealed the transformation rate from 
indolent lymphomas to aggressive NHL is about 3% 
per year, up to 15 years after diagnosis, in patients with 

lymphoma. Despite their recognition and intensification of 
treatment, the prognosis is poor, with death within less than 
one year in most patients (11). 18F-FDG PET/CT can reveal 
the suspicious sites of transformation due to the different 
avidity between the aggressive lymphomas and the indolent 
ones. The standardized uptake value (SUV) exceeding ten 
yields 80% certainty for the identification of aggressive 
behavior, particularly, in Richter’s transformation for patients 
with CLL/SLL. These suspicious sites of transformation 
should be confirmed via the histopathologic biopsy (12). 

Staging of lymphomas

18F-FDG PET/CT has demonstrated a better and accurate 
diagnostic yield, with 97% of sensitivity and 100% of 
specificity, than contrast-enhanced CT (CECT), especially 
for normal-sized lymph nodes and extranodal sites (13-17). 
The finding of the multimodality can upstage the lymphoma 
(20% to 40% of patients) by detecting more avid-lesions 
than CECT; while it exhibits no pathological uptake of the 
morphological lesion identified by CECT, causing downstage 
of disease (5% to 15% of patients) (14). The current NCCN 
guidelines recommend initial/baseline PET imaging as an 
essential test in HL, DLBCL, acquired immune deficiency 
syndrome (AIDS) related B-cell lymphomas, and as a useful 
test in selected cases in follicular lymphoma (FL), MZL, 
MCL, but not recommend it in CLL/SLL because of 
low-to-moderate 18F-FDG uptakes (18). CECT is still a 
powerful modality in evaluating no FDG-avid histologies, 
distinguishing bowels or vessels from lymphadenopathy, 

Table 1 Standard protocol of 18F-FDG PET/CT scan

Parameter Recommendation

Patient preparation Fast overnight, or at least 6 hours

No exercise previous to the exam 

Hydrate with >500 mL post-FDG injection

Mild sedation as needed

Blood glucose Not to exceed 200 mg/dL

Patient imaging Regular scan: 60±10 min after 18F-FDG injection

Delay scan: 180 min postinjection of 18F-FDG

Reconstruction Three-dimension

Timing of PET scan Pretreatment scans required if post-treatment to be performed within 2 weeks of therapy

Post-treatment scans at least 6-8 weeks after chemo(immuno)therapy or 8-12 weeks after radiotherapy

FDG dose 3.7-7.4 MBq/kg (0.1-0.2 mCi/kg) body weight, minimum 185 MBq

Acquisition Base of skull to mid-thigh unless other areas of concern
18F-FDG, Fluorine 18 fluorodeoxyglucose; PET, positron emission tomography; CT, computed tomography.
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Table 2 The uptake of 18F-FDG PET/CT of the different subtype of lymphoma (9)

Type of lymphoma % patients with uptake Uptake intensity

Hodgkin’s disease

Classical HD 100 High

Nodular HD with lymphocytic predominance 100 Moderate-high

Aggressive NHL

Diffuse large B-cell lymphoma 97 Moderate-high

Burkitt lymphoma 100 High

Peripheral T-cell lymphoma 90 Low-high

Anaplastic large T-cell lymphoma 100 High

Mantle cell lymphoma 100 Moderate

Indolent NHL

Follicular lymphoma* 95 Low-high

Lymphoplasmacytic lymphoma 100 Low-moderate

Marginal zone lymphoma, nodal 100 Null-high

marginal zone extranodal lymphoma (MALT) 54 Null-high

Small lymphocytic lymphoma 83 Null-high

Cutaneous anaplastic large T-cell lymphoma 40 Null-moderate

*, take the cytological grade of follicular NHL into account, grade III follicular NHL is considered as aggressive, presenting 
moderate-high avidity for FDG. However, grades I and II (considered to be indolent) present low-moderate uptake. 18F-FDG, 
Fluorine 18 fluorodeoxyglucose; PET, positron emission tomography; CT, computed tomography; NHL, non-Hodgkin lymphoma.

Figure 1 18F-FDG PET/CT for the initial staging of lymphomas and different grades of FDG uptake according to histologic subtype. (A) 
A 23-year-old woman diagnosed with HD; (B) a 45-year-old male diagnosed with DLBCL; (C) a 52-year-old man diagnosed with FL; (D) a 
48-year-old male diagnosed with SLL/CLL. 18F-FDG, Fluorine 18 fluorodeoxyglucose; PET, positron emission tomography; CT, computed 
tomography; DLBCL, diffuse large b cell lymphoma; SLL, small lymphocytic lymphoma; CLL, chronic lymphocytic leukemia.
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TABLA 14: Captación de F-FDG con PET-TC en distintos órganos y con distintos métodos 
diagnósticos (Cheson et al, 2014)

After extensive experience with these criteria, and recognizing the
progress made after their publication, particularly in imaging tech-
niques, a workshop was held at the 11th International Conference
on Malignant Lymphoma in Lugano, Switzerland, in June 2011,
which was attended by leading hematologists, oncologists, radia-
tion oncologists, pathologists, radiologists, and nuclear medicine
physicians, representing major lymphoma clinical trials groups
and cancer centers in North America, Europe, Japan, and Austral-
asia. The aim was to develop improved staging and response
criteria for HL and NHL, relevant for community physicians,
investigator-led trials, cooperative groups, and registration trials.
Subcommittees focused on clinical and imaging issues, and a sub-
sequent workshop at the 12th International Conference on Malig-
nant Lymphoma in 2013 led to the following revisions.

INITIAL EVALUATION

Diagnosis
Lymphoma diagnosis depends on morphology, immunohisto-

chemistry, and flow cytometry reviewed by an experienced lymphoma
pathologist and, where appropriate, molecular studies to accurately
categorize the lymphoma.8 A fine-needle aspirate is inadequate for
initial diagnosis. An incisional or excisional biopsy is preferred to
provide adequate tissue for these examinations, but a core-needle
biopsy can be considered when excisional biopsy is not possible9,10

and to document relapse; however, a nondiagnostic sample must be
followed by an incisional or excisional biopsy. With consent, addi-
tional paraffin-embedded, fresh-frozen tissue, or cell suspensions
should be stored for future research.

Patient Evaluation
Clinical evaluation requires a comprehensive history including

age; sex; absence/presence of fevers to more than 101°F (38.3°C),
chills, drenching night sweats, or unexplained weight loss more than
10% of body mass over 6 months; and history of malignancy. Fatigue,
pruritus, and alcohol-induced pain in patients with HL should also be
noted. Whereas these factors rarely direct treatment, their recurrence
may herald disease relapse.

Physical examination includes measurement of accessible nodal
groups and the size of the spleen and liver in centimeters below their
respective costal margins in the midclavicular line. However, the sen-
sitivity of physical examination is variable among observers. There-
fore, organomegaly is formally defined by CT imaging (Table 1).

Laboratory tests and other investigations necessary for the deter-
mination of the prognostic indices for the different lymphoma sub-
types and general patient management, including assessment of
comorbidities, must be recorded.

Anatomic Staging
Historical series and prospective clinical trials have used the

Ann Arbor staging system5 to select patients and report outcomes.
Now, stage is only one component of factors in prognostic indices
increasingly used for pretreatment risk stratification and selection
of therapy.11-15

PET-CT scanning has become the standard for assessment of
response in most lymphomas.7 For HL and fluorodeoxyglucose
(FDG) -avid NHL subtypes, PET and PET-CT improve the accuracy
of staging compared with CT scans for nodal and extranodal sites.16

PET-CT leads to change in stage in 10% to 30% of patients, more often
upstaging, although alteration in management occurs in fewer pa-
tients, with no demonstrated impact on overall outcome. However,
improving staging accuracy ensures that fewer patients are under-
treated or overtreated.16 PET-CT is particularly important for staging
before consideration of radiation therapy.17,18 Although most lym-
phomas are FDG avid, because of greater variability in FDG uptake,
metabolic imaging is less reliable in other lymphomas.19-24 Whereas
mantle-cell lymphoma is routinely FDG avid, limited data suggest that
the sensitivity and specificity of identifying bowel involvement are low
and should not replace other investigative measures.25,26

RECOMMENDATION FOR REVISIONS TO STAGING CRITERIA

PET-CT is already widely used for pretreatment assessment, often
outside of clinical trials, to assign stage and has already been incorpo-
rated into response assessment.7 Although physical examination re-
mains important, and despite concerns that more sensitive staging can

Table 1. Criteria for Involvement of Site

Tissue Site Clinical FDG Avidity Test Positive Finding

Lymph nodes Palpable FDG-avid histologies PET-CT Increased FDG uptake
Nonavid disease CT Unexplained node enlargement

Spleen Palpable FDG-avid histologies PET-CT Diffuse uptake, solitary mass, miliary lesions, nodules
Nonavid disease CT ! 13 cm in vertical length, mass, nodules

Liver Palpable FDG-avid histologies PET-CT Diffuse uptake, mass
Nonavid disease CT Nodules

CNS Signs, symptoms CT Mass lesion(s)
MRI Leptomeningeal infiltration, mass lesions
CSF assessment Cytology, flow cytometry

Other (eg, skin, lung, GI tract,
bone, bone marrow)

Site dependent PET-CT!, biopsy Lymphoma involvement

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging; PET, positron emission tomography.
!PET-CT is adequate for determination of bone marrow involvement and can be considered highly suggestive for involvement of other extralymphatic sites. Biopsy

confirmation of those sites can be considered if necessary.
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TABLA 15: Escala de 5 puntos de Deauville para la evaluación de la respuesta al tratamiento. 

Tabla 12: Captación de FDG en distintos órganos y con distintos métodos diagnósticos.  

Tabla 13: Escala de 5 puntos de Deauville para evaluación de la respuesta al tratamiento.  



FIGURA 2: PET-TC para estadificación inicial con diferente captación según subtipo 
histológico de linfoma.  

A - Paciente de 23 años con diagnóstico de Linfoma de Hodgkin.  
B - Paciente de 45 años con diagnóstico de linfoma B difuso de células grandes.  
C - Paciente de 52 años con diagnóstico de linfoma folicular.  
D - Paciente de 48 años con diagnóstico de linfoma linfoblástico de células pequeñas 

(Wang X, 2015)
Figura 6:  

A - Paciente de 23 años con diagnóstico de LH.  

B - Paciente de 45 años con diagnóstico de linfoma B difuso de células grandes.  

C - Paciente de 52 años con diagnóstico de linfoma folicular.  

D - Paciente de 48 años con diagnóstico de linfoma linfoblástico de células pequeñas. 

 



FIGURA 3: Izquierda: TC; Centro: PET; Derecha: imágenes fusionadas) que muestran 
afectación en zona cervical derecha y mediastino.  

A - Lesiones con aumento de captación de FDG cervical derecha y mediastínica (flecha 
blanca).  

B - Resultado en escala 5 P post-tratamiento de 3, con captación residual de lesión 
mediastínica mayor que acúmulo de sangre mediastínica, pero menor que la captación 
hepática.  

SUVmax de lesión: 1.7; SUVhígado: 2.2 

(Barrington et al, 2014)

Figura 7:  

A - Lesiones con aumento de captación de FDG cervical derecha y mediastínica (flecha).  

B - Resultado escala de 5 P post-tratamiento de 3, con captación residual de lesión mediastínica 

mayor que acúmulo de sangre mediastínica pero menor que la captación hepática.  

SUVmax de lesión: 1.7; SUVhígado: 2.2. 



 

FIGURA 4: Izquierda: TC; Centro: PET; Derecha: imágenes fusionadas) que muestran 
afectación en zona axilar izquierda.  

A - PET-TC inicial con lesión metabólica axilar izquierda.  
B - Resultado en escala 5 P post-tratamiento de 2, con captación residual de lesión menor 

que el acúmulo de sangre mediastínica (flecha negra) 

SUVmax ganglios axilares: 1.2; SUVmediastino: 1.7 

(Barrington et al, 2014)

Figura 8:   

A - PET-TC inicial con lesión metabólica axilar izquierda.  

B - Resultado escala de 5 P post-tratamiento de 2, captación residual de la lesión menor que el 

acúmulo de sangre mediastínica (flecha).  

SUVmax ganglios axilares: 1.2; SUVmediastino: 1.7. 



 

FIGURA 5: Izquierda: TC; Centro: PET; Derecha: imágenes fusionadas) 
A - PET-TC inicial con lesión en zona cervical izquierda (flecha blanca) 
B - Resultado en escala 5 P post-tratamiento de 1, con respuesta metabólica completa sin 

captación en nódulo de tamaño normal (flecha blanca) 

(Barrington et al, 2014)

Figura 9: 

A - PET-TC inicial con lesión en zona cervical izquierda (flecha) 

B - Resultado escala de 5 P post-tratamiento de 1, respuesta metabólica completa sin captación en 

nódulo de tamaño normal (flecha) .  

 



 

FIGURA 6: Paciente de 53 años con adenopatía cervical izquierda que corresponde a 
linfoma folicular grado 2. En TC inicial mostró un ganglio pélvico derecho aumentado de 
tamaño. Por contra, PET-TC y PET mostraron captación aumentada de FDG en el área 
cervical izquierda (flechas azules), pero ninguna captación en el ganglio iliaco derecho (flecha 
azul en iii). El paciente se consideró apto para recibir radioterapia.  

(Metser et al, 2014)

Figura 10: Paciente de 53 años con adenopatía cervical izquierda que corresponde a linfoma 

folicular grado 2. En TC inicial mostró un ganglio pélvico derecho aumentado de tamaño. Por 

contra, PET/TC y PET mostraron captación aumentada de FDG en el área cervical izquierda 

(flechas), pero ninguna captación en el ganglio iliaco derecho (flecha en iii). El paciente se consideró 

apto para recibir RT. 



histology; in addition, PET-CT identified focal deposits of DLBCL
not detected by iliac crest biopsy.

Difficulty in the correct interpretation of diffuse FDG uptake in
bone marrow, leading to false-positives and poor specificity previously
reported in HL and NHL24,25 was not evident in this study focused on
DLBCL, suggesting that experienced reporters using a standard-
ized display and strict reporting criteria are able to differentiate
between infiltrating lymphoma and low-level “reactive” marrow
FDG uptake. PET-CT failed to detect a low-volume large-cell infiltrate
in 2 cases, which were already classified as stage IV due to extranodal
disease elsewhere.

The limitations of the study are that it is retrospective and there
is no practical method for defining the true incidence of bone
marrow disease. Not all lesions identified by PET can be biopsied,
and magnetic resonance imaging assessment of all lesions is not
practical or justifiable if it will not affect treatment. Unilateral iliac
crest BMB, as practiced by many lymphoma treatment centers,
misses a significant proportion of marrow disease compared with
bilateral sampling.26 We are confident that the focal FDG uptake
interpreted here as lymphoma does represent metastatic lympho-
matous deposits, based on accurate co-registration of metabolic
and anatomical imaging, reduction of abnormal increased FDG
accumulation following treatment in parallel with nodal response,
and our experience in the early days of PET when biopsy was used
to sample suspected marrow disease. Based on these criteria, in this

cohort of 130 sequential patients diagnosed over 7 years, routinely
reported PET-CT diagnosis of bone marrow involvement by DLBCL
had no false-positives and only 2 false-negatives.

Since our first investigation exploring the accuracy of PET for
identifying marrow disease in lymphoma,9 there have been a
number of studies examining PET for detecting marrow disease in
both indolent and aggressive lymphomas. These have been drawn
together in 2 meta-analyses.25,27 Both reported on aggressive NHL
as an aggregated subgroup and found similar sensitivity (76%, 72%)
for PET detection of marrow disease. However, both analyses were
hampered by the variety of different histologic classification schemes
used and by use of PET alone in older studies. There is a paucity
of reports analyzing data from DLBCL cases as a separate disease.
A recent dual-center study comparing PET-CT and bilateral BMB
for marrow staging identified 120 cases of DLBCL, 25 with marrow
disease, and reported PET sensitivity and specificity of 84% and
100%, respectively.28

Our study demonstrates that even in the most experienced hands
PET-CT may miss low-level marrow involvement by DLBCL, es-
timated at 10% of nucleated marrow cells in the 2 cases reported
here. Others have shown that the extent of marrow infiltration is the
most important factor influencing prognosis1; in a study to address
this issue, 28 DLBCL patients with <10% marrow infiltrates had
event-free survival no different from those without any histologic
marrow disease.3

A reason given for marrow biopsy in DLBCL is to detect his-
tologically discordant disease. PET will inevitably fail to identify
indolent lymphoma in marrow if FDG avidity is low. Although
6 cases in our series had a history of FL or MZL preceding the
diagnosis of DLBCL, or had mixed histology on lymph node
biopsy, none had indolent NHL identified in the staging marrow
biopsy. Paone et al29 correctly drew attention to this issue in a
series of 97 DLBCL cases: 14 had small B-cell or small cleaved cell
lymphoma in staging marrow biopsy, 10 of which had normal
marrow FDG uptake and distribution on PET. The case was argued
in this study for the need to continue histologic marrow assessment
so as not to miss involvement by low-grade lymphoma.

Two clinicopathological studies2,26 have examined the prog-
nostic significance of low-grade lymphoma as an incidental finding
in marrow biopsy of DLBCL cases. Both conclude that response to
treatment and survival does not differ between patients with
marrow involved by low-grade lymphoma and patients with no
marrow disease. A clinical study30 examined the natural history of
patients, who at first diagnosis of DLBCL had evidence, on lymph
node biopsy, of coexisting or transformed MZL, FL, or small cell
lymphoma. These patients were older and most had disseminated
disease with .1 extranodal site at staging. Complete remissions

Figure 2. Example PET-CT images. (A) Focal FDG uptake in T2 on fused PET-CT sagittal image representing a DLBCL deposit (red arrow); no uptake at a compression

fracture of T11 (green arrow) with confirmatory magnetic resonance image; iliac crest biopsy was negative. (B) Case with 10% diffuse DLBCL involvement on marrow
histology, without increased FDG uptake in bone marrow. (C) Diffuse uptake throughout skeletal marrow, which was confirmed as DLBCL on marrow histology. The patient

was HIV-positive with MYC and BCL2 abnormalities. PET and fused PET-CT coronal slices are shown.

Figure 3. Iliac crest bone marrow histology. Photomicrograph (CD79a immuno-

histochemistry) from 1 of the 2 PET2/BMB1 patients. The interstitial infiltrate by DLBCL
was patchy, as in this field, but overall CD79a-positive cells amounted to ;10% of all
nucleated marrow cells (Nikon Eclipse 80i microscope and camera; 340 objective).
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FIGURA 7: 
A - Captación focal de FDG en T2 en una imagen PET-TC sagital con afectación por 

linfoma B difuso de células grandes (flecha roja). En T11 existía una fractura vertebral por 
compresión (flecha verde) confirmada por RM. La BMO de cresta iliaca fue negativa.  

B - 10% de afectación medular ósea por linfoma B difuso de células grandes en histología, 
con captación aumentada en médula ósea.  

C - Captación difusa aumentada en todo el esqueleto, confirmado por histología como 
una linfoma B difuso de células grandes en un paciente VIH positivo con anormalidades 
MYC y BCL2.  

(Metser et al, 2014)
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not detected by iliac crest biopsy.

Difficulty in the correct interpretation of diffuse FDG uptake in
bone marrow, leading to false-positives and poor specificity previously
reported in HL and NHL24,25 was not evident in this study focused on
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ized display and strict reporting criteria are able to differentiate
between infiltrating lymphoma and low-level “reactive” marrow
FDG uptake. PET-CT failed to detect a low-volume large-cell infiltrate
in 2 cases, which were already classified as stage IV due to extranodal
disease elsewhere.

The limitations of the study are that it is retrospective and there
is no practical method for defining the true incidence of bone
marrow disease. Not all lesions identified by PET can be biopsied,
and magnetic resonance imaging assessment of all lesions is not
practical or justifiable if it will not affect treatment. Unilateral iliac
crest BMB, as practiced by many lymphoma treatment centers,
misses a significant proportion of marrow disease compared with
bilateral sampling.26 We are confident that the focal FDG uptake
interpreted here as lymphoma does represent metastatic lympho-
matous deposits, based on accurate co-registration of metabolic
and anatomical imaging, reduction of abnormal increased FDG
accumulation following treatment in parallel with nodal response,
and our experience in the early days of PET when biopsy was used
to sample suspected marrow disease. Based on these criteria, in this

cohort of 130 sequential patients diagnosed over 7 years, routinely
reported PET-CT diagnosis of bone marrow involvement by DLBCL
had no false-positives and only 2 false-negatives.

Since our first investigation exploring the accuracy of PET for
identifying marrow disease in lymphoma,9 there have been a
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hampered by the variety of different histologic classification schemes
used and by use of PET alone in older studies. There is a paucity
of reports analyzing data from DLBCL cases as a separate disease.
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this issue, 28 DLBCL patients with <10% marrow infiltrates had
event-free survival no different from those without any histologic
marrow disease.3

A reason given for marrow biopsy in DLBCL is to detect his-
tologically discordant disease. PET will inevitably fail to identify
indolent lymphoma in marrow if FDG avidity is low. Although
6 cases in our series had a history of FL or MZL preceding the
diagnosis of DLBCL, or had mixed histology on lymph node
biopsy, none had indolent NHL identified in the staging marrow
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series of 97 DLBCL cases: 14 had small B-cell or small cleaved cell
lymphoma in staging marrow biopsy, 10 of which had normal
marrow FDG uptake and distribution on PET. The case was argued
in this study for the need to continue histologic marrow assessment
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nostic significance of low-grade lymphoma as an incidental finding
in marrow biopsy of DLBCL cases. Both conclude that response to
treatment and survival does not differ between patients with
marrow involved by low-grade lymphoma and patients with no
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node biopsy, of coexisting or transformed MZL, FL, or small cell
lymphoma. These patients were older and most had disseminated
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histology; in addition, PET-CT identified focal deposits of DLBCL
not detected by iliac crest biopsy.

Difficulty in the correct interpretation of diffuse FDG uptake in
bone marrow, leading to false-positives and poor specificity previously
reported in HL and NHL24,25 was not evident in this study focused on
DLBCL, suggesting that experienced reporters using a standard-
ized display and strict reporting criteria are able to differentiate
between infiltrating lymphoma and low-level “reactive” marrow
FDG uptake. PET-CT failed to detect a low-volume large-cell infiltrate
in 2 cases, which were already classified as stage IV due to extranodal
disease elsewhere.

The limitations of the study are that it is retrospective and there
is no practical method for defining the true incidence of bone
marrow disease. Not all lesions identified by PET can be biopsied,
and magnetic resonance imaging assessment of all lesions is not
practical or justifiable if it will not affect treatment. Unilateral iliac
crest BMB, as practiced by many lymphoma treatment centers,
misses a significant proportion of marrow disease compared with
bilateral sampling.26 We are confident that the focal FDG uptake
interpreted here as lymphoma does represent metastatic lympho-
matous deposits, based on accurate co-registration of metabolic
and anatomical imaging, reduction of abnormal increased FDG
accumulation following treatment in parallel with nodal response,
and our experience in the early days of PET when biopsy was used
to sample suspected marrow disease. Based on these criteria, in this

cohort of 130 sequential patients diagnosed over 7 years, routinely
reported PET-CT diagnosis of bone marrow involvement by DLBCL
had no false-positives and only 2 false-negatives.

Since our first investigation exploring the accuracy of PET for
identifying marrow disease in lymphoma,9 there have been a
number of studies examining PET for detecting marrow disease in
both indolent and aggressive lymphomas. These have been drawn
together in 2 meta-analyses.25,27 Both reported on aggressive NHL
as an aggregated subgroup and found similar sensitivity (76%, 72%)
for PET detection of marrow disease. However, both analyses were
hampered by the variety of different histologic classification schemes
used and by use of PET alone in older studies. There is a paucity
of reports analyzing data from DLBCL cases as a separate disease.
A recent dual-center study comparing PET-CT and bilateral BMB
for marrow staging identified 120 cases of DLBCL, 25 with marrow
disease, and reported PET sensitivity and specificity of 84% and
100%, respectively.28

Our study demonstrates that even in the most experienced hands
PET-CT may miss low-level marrow involvement by DLBCL, es-
timated at 10% of nucleated marrow cells in the 2 cases reported
here. Others have shown that the extent of marrow infiltration is the
most important factor influencing prognosis1; in a study to address
this issue, 28 DLBCL patients with <10% marrow infiltrates had
event-free survival no different from those without any histologic
marrow disease.3

A reason given for marrow biopsy in DLBCL is to detect his-
tologically discordant disease. PET will inevitably fail to identify
indolent lymphoma in marrow if FDG avidity is low. Although
6 cases in our series had a history of FL or MZL preceding the
diagnosis of DLBCL, or had mixed histology on lymph node
biopsy, none had indolent NHL identified in the staging marrow
biopsy. Paone et al29 correctly drew attention to this issue in a
series of 97 DLBCL cases: 14 had small B-cell or small cleaved cell
lymphoma in staging marrow biopsy, 10 of which had normal
marrow FDG uptake and distribution on PET. The case was argued
in this study for the need to continue histologic marrow assessment
so as not to miss involvement by low-grade lymphoma.

Two clinicopathological studies2,26 have examined the prog-
nostic significance of low-grade lymphoma as an incidental finding
in marrow biopsy of DLBCL cases. Both conclude that response to
treatment and survival does not differ between patients with
marrow involved by low-grade lymphoma and patients with no
marrow disease. A clinical study30 examined the natural history of
patients, who at first diagnosis of DLBCL had evidence, on lymph
node biopsy, of coexisting or transformed MZL, FL, or small cell
lymphoma. These patients were older and most had disseminated
disease with .1 extranodal site at staging. Complete remissions

Figure 2. Example PET-CT images. (A) Focal FDG uptake in T2 on fused PET-CT sagittal image representing a DLBCL deposit (red arrow); no uptake at a compression

fracture of T11 (green arrow) with confirmatory magnetic resonance image; iliac crest biopsy was negative. (B) Case with 10% diffuse DLBCL involvement on marrow
histology, without increased FDG uptake in bone marrow. (C) Diffuse uptake throughout skeletal marrow, which was confirmed as DLBCL on marrow histology. The patient

was HIV-positive with MYC and BCL2 abnormalities. PET and fused PET-CT coronal slices are shown.

Figure 3. Iliac crest bone marrow histology. Photomicrograph (CD79a immuno-

histochemistry) from 1 of the 2 PET2/BMB1 patients. The interstitial infiltrate by DLBCL
was patchy, as in this field, but overall CD79a-positive cells amounted to ;10% of all
nucleated marrow cells (Nikon Eclipse 80i microscope and camera; 340 objective).
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FIGURA 8: Captación focal en médula ósea vista con PET-TC. Lesión focal en hueso 
pélvico derecho (A), localizada por captación metabólica en sacro derecho (B), pero sin lesión 
anatómica discernible en TC (C).  
La BMO en cresta iliaca posterior fue negativa. Se realizó una RM y se consideró como 
infiltración de la médula ósea según los parámetros usados en el estudio de Berthet et al 33.  

(Berthet et al, 2013)

comparison with BMB, is useful for the detection of BMI and is
predictive of outcome.

MATERIALS AND METHODS

Patient Population
One hundred forty-two consecutive patients with a first diagnosis of

DLBCL between June 2006 and October 2011 were retrospectively
enrolled in this study. The procedures were in accordance with the
ethical standards of the responsible committee on human experimen-
tation (institutional and national) and with the Helsinki Declaration of
1975, as revised in 2008. All patients signed a written informed
consent form.

The inclusion criteria were adult patients with DLBCL diagnosed
on biopsy (nodal or extranodal lesion) and for whom the BMB and

initial 18F-FDG PET/CT results were available. Exclusion criteria
were patients with prior known and treated lymphoma (of high or
low grade), those with Richter transformation, those who had received
hematopoietic growth factor injections less than 48 h before the first
18F-FDG PET/CT scan, and those for whom more than 60 d had
passed between BMB and the first 18F-FDG PET/CT scan (21). Six
patients were excluded from the study because of prior known and
treated lymphoma or Richter transformation and three because the
time between the BMB and 18F-FDG PET/CT scan was more than
60 d.

All patients underwent a diagnostic checkup before beginning the
therapy, as follows: physical examination; routine blood parameters
including a hemogram, and LDH; CT scan of the neck, chest,
abdomen, and pelvis; and BMB and 18F-FDG whole-body PET/CT.
The median interval between 18F-FDG PET/CTand BMB was 5 d (first
quartile, 2 d; third quartile, 11 d). The IPI score (Ann Arbor stage and
extranodal involvement) was determined without considering bone
marrow uptake on the 18F-FDG PET/CT study.

The patients received 4 cycles of a combination of rituximab and
CHOP chemotherapy (cyclophosphamide, hydroxydaunomycin, vin-
cristine, and prednisone) or a CHOP-like chemotherapy regimen
(AVCVBP [doxorubicin, cyclophosphamide, vindesine, bleomycin,
and prednisone]) as the induction treatment. The consolidation
treatment was determined according to the age of the patients and
IPI risk factors at baseline and consisted of either additional cycles of
standard immunochemotherapy or, for young patients with a high-risk
IPI, intensified chemotherapy followed by autologous stem cell
transplantation. The response to treatment was assessed using CT
and 18F-FDG PET/CT at the middle and end of treatment.

18F-FDG PET/CT Acquisition
Whole-body PET was performed sequentially using a dedicated

PET/CT system (Gemini GXL or Gemini TOF; Philips). CT scans
were not of diagnostic quality and were used for anatomic registration
and for attenuation correction. Emission data were corrected for dead
time, random and scatter coincidences, and attenuation before re-
construction with the row-action maximum-likelihood algorithm
iterative method. The image voxel counts were calibrated to activity

FIGURE 1. Diffuse bone marrow uptake pattern in 18F-FDG PET/
CT. (A and B) Uptake lower than (A) or similar to (B) that in liver was
considered negative for BMI. (C) Uptake higher than that in liver was
always linked to anemia or inflammatory processes and also con-
sidered negative for BMI.

FIGURE 2. Unifocal bone marrow uptake pattern in 18F-FDG PET/
CT. Focal lesion on right pelvic bone (A) was shown to be located on
right part of sacrum (B), with no underlying anomaly on CT (C). Usual
BMB in left posterior iliac crest was negative. Targeted MR imaging
confirmed BMI. According to our criteria, patient was considered to
have BMI.

FIGURE 3. Patient with negative initial BMB of left posterior iliac
crest. (A) Initial 18F-FDG PET/CT highlighted multifocal uptake in
bone marrow. Guided biopsy of right iliac crest came back positive.
(B) 18F-FDG PET/CT monitoring revealed excellent metabolic re-
sponse. According to our criteria, this patient was considered to
have BMI.
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FIGURA 9: Paciente con BMO de cresta iliaca posterior negativa.  
A - PET-TC mostró un patrón multifocal en médula ósea, por lo que se realizó una nueva 

BMO orientada según los focos encontrados, que resultó finalmente positiva.  
B - PET-TC se usó para monitorizar la respuesta de la neoplasia, que resultó ser 

completa.  

(Berthet et al, 2013)

comparison with BMB, is useful for the detection of BMI and is
predictive of outcome.

MATERIALS AND METHODS

Patient Population
One hundred forty-two consecutive patients with a first diagnosis of
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time between the BMB and 18F-FDG PET/CT scan was more than
60 d.

All patients underwent a diagnostic checkup before beginning the
therapy, as follows: physical examination; routine blood parameters
including a hemogram, and LDH; CT scan of the neck, chest,
abdomen, and pelvis; and BMB and 18F-FDG whole-body PET/CT.
The median interval between 18F-FDG PET/CTand BMB was 5 d (first
quartile, 2 d; third quartile, 11 d). The IPI score (Ann Arbor stage and
extranodal involvement) was determined without considering bone
marrow uptake on the 18F-FDG PET/CT study.

The patients received 4 cycles of a combination of rituximab and
CHOP chemotherapy (cyclophosphamide, hydroxydaunomycin, vin-
cristine, and prednisone) or a CHOP-like chemotherapy regimen
(AVCVBP [doxorubicin, cyclophosphamide, vindesine, bleomycin,
and prednisone]) as the induction treatment. The consolidation
treatment was determined according to the age of the patients and
IPI risk factors at baseline and consisted of either additional cycles of
standard immunochemotherapy or, for young patients with a high-risk
IPI, intensified chemotherapy followed by autologous stem cell
transplantation. The response to treatment was assessed using CT
and 18F-FDG PET/CT at the middle and end of treatment.

18F-FDG PET/CT Acquisition
Whole-body PET was performed sequentially using a dedicated

PET/CT system (Gemini GXL or Gemini TOF; Philips). CT scans
were not of diagnostic quality and were used for anatomic registration
and for attenuation correction. Emission data were corrected for dead
time, random and scatter coincidences, and attenuation before re-
construction with the row-action maximum-likelihood algorithm
iterative method. The image voxel counts were calibrated to activity

FIGURE 1. Diffuse bone marrow uptake pattern in 18F-FDG PET/
CT. (A and B) Uptake lower than (A) or similar to (B) that in liver was
considered negative for BMI. (C) Uptake higher than that in liver was
always linked to anemia or inflammatory processes and also con-
sidered negative for BMI.

FIGURE 2. Unifocal bone marrow uptake pattern in 18F-FDG PET/
CT. Focal lesion on right pelvic bone (A) was shown to be located on
right part of sacrum (B), with no underlying anomaly on CT (C). Usual
BMB in left posterior iliac crest was negative. Targeted MR imaging
confirmed BMI. According to our criteria, patient was considered to
have BMI.

FIGURE 3. Patient with negative initial BMB of left posterior iliac
crest. (A) Initial 18F-FDG PET/CT highlighted multifocal uptake in
bone marrow. Guided biopsy of right iliac crest came back positive.
(B) 18F-FDG PET/CT monitoring revealed excellent metabolic re-
sponse. According to our criteria, this patient was considered to
have BMI.
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FIGURA 10: Dos pacientes (A, B) con lesiones medulares óseas y BMO de cresta iliaca 
posterior negativa. Las lesiones medulares eran susceptibles de ser biopsiadas por su 
accesibilidad en ambos casos. 

A - Espina iliaca anterior izquierda.  
B - Esternón.  

(Pelosi et al, 2008)


