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Lymphomas are the most common haematological malignancies, 
accounting for the 5% of all cancers in both genders. Incidence of 
Hodgkin lymphoma is about 2.8 new cases per 100,000 people per 
year; overall incidence of non-Hodgkin lymphomas is about 19.7 new 
cases per 100,000 people per year [1,2]. Estimated 5-year survival rate 
depends on several factors: age at diagnosis (co-morbidity in older 
patients negatively affects prognosis), blood haemoglobin and serum 
LDH levels, presence of extra-nodal disease, and above all the initial 
stage of disease: about 90% in patients with stage I Hodgkin lymphoma; 
about 65% in patients with stage IV Hodgkin lymphoma. In non-
Hodgkin lymphomas, survival rates may vary widely depending on 
the lymphoma type (aggressive or indolent) and the presence of the 
aforementioned risk factors: from 91% in low-risk patients to 53% 
in high-risk ones [2]. However, in both Hodgkin and non-Hodgkin 
lymphomas, the evidence of bone marrow involvement indicates the 
highest Ann Arbor stage (stage IV) by itself, with several therapeutic 
implications [3,4]. Therefore, the assessment of eventual bone marrow 
involvement is recommended in all patients with aggressive non-
Hodgkin lymphoma, such as diffuse large B-cell lymphoma (DLBCL), 
that could benefit from curative treatment and in Hodgkin lymphoma, 
especially with stage III-IV disease or stage II disease with adverse risk 
factors, when a change in therapy planning is expected depending on 
the presence/absence of bone marrow disease [5-7].

Blind Bone Marrow Biopsy (BMB) of the iliac crest, either performed 
unilaterally or bilaterally, is the gold standard method for diagnosing 
bone marrow involvement in lymphomas and in other haematological 
entities, like multiple myeloma [8]. However, it is a painful and invasive 
procedure which can cause long-lasting discomfort in most patients 
and it is not free from complications, such as allergic reactions to 
local anaesthesia, excessive bleeding or infection of the sampling site. 
Moreover, BMB is prone to false-negative findings deriving from the 
fact that a very small portion of bone marrow is sampled and analyzed, 
thus leading to misdiagnosis in patients with bone marrow disease in 
sites other than the iliac crest.

Positron emission tomography/computed tomography using 
fluorine-18-fluorodeoxyglucose (FDG PET/CT) is a diagnostic 
technique which is currently used in a variety of oncological settings 
[9]. Since Hodgkin and aggressive non-Hodgkin lymphomas show 
an intense glucose metabolism and therefore a high FDG uptake [9], 
FDG PET/CT can be helpful in both nodal and extra-nodal staging of 
lymphoma, including the bone marrow assessment. A major advantage 
of FDG PET/CT is its non-invasiveness, with respect to BMB; 
furthermore, its ability to study the entire bone marrow overcomes the 
false-negative findings of BMB in case of sampling error, rather being 
used as a possible substitute for BMB or as a guide to perform a targeted 
biopsy in sites showing intramedullary focal uptake of FDG.

In this regard, a recently published paper from Khan et al. [10] has 
investigated whether FDG PET/CT identifies clinically relevant bone 
marrow involvement in patients with DLBCL with a sufficient accuracy 

to replace routine staging BMB. In their cohort of patients, FDG PET/
CT identified all clinically important bone marrow involvement, 
with sensitivity and specificity values of 94% and 100%, respectively; 
on the contrary, sensitivity and specificity values for BMB were 40% 
and 100%, respectively, and BMB did not upstage any patient. Indeed, 
patients with both FDG PET/CT and BMB positive findings showed 
a lower progression-free survival than those not confirmed on BMB. 
Similarly, Berthet et al. [11] have demonstrated that the FDG PET/CT 
bone marrow status is an independent predictor of progression-free 
survival in patients with DLBCL; conversely, Hong et al. [12] found 
no significant differences in progression-free and overall survival in 
patients with positive or negative findings on FDG PET/CT. 

Performance of FDG PET/CT in detecting bone marrow 
involvement was compared to contrast enhanced CT scan (CE-CT) in 
a prospective study by Omür et al. [13], on a cohort of 110 patients 
with lymphoma (35 Hodgkin; 75 non-Hodgkin): they showed that CE-
CT was falsely negative in 6 Hodgkin and 11 non-Hodgkin patients 
with bone marrow involvement on FDG PET/CT. All 17 cases were 
confirmed on BMB and successfully treated, with evidence of complete 
metabolic response on post-treatment PET/CT scans.

A more extensive evaluation concerning the role of FDG PET/CT 
to assess bone marrow involvement in patients with newly diagnosed 
Hodgkin lymphoma was performed in a systematic review and meta-
analysis by Adams et al. [14]: despite different methodological aspects 
among the selected studies, pooled sensitivity and specificity of FDG 
PET/CT in assessing bone marrow involvement, with respect to BMB 
and follow FDG PET/CT scans used as reference standard, were 96.9% 
and 99.7%, respectively. Overall accuracy was 98.6%. In addition, the 
chance of having a positive BMB in a patient with negative findings on 
FDG PET/CT is very low. Criteria to assess positivity for bone marrow 
involvement on FDG PET/CT in patients with Hodgkin lymphoma 
may vary from one study to another: bone marrow FDG uptake higher 
than the liver, focal, multi-focal or abnormally increased FDG uptake, 
or bone marrow FDG uptake higher than the mediastinal blood pool 
as reference.
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The same authors also have systematically reviewed and meta-
analyzed the role of FDG PET/CT for assessing bone marrow 
involvement in patients with DLBCL [15], which represents the 30-
35% of all non-Hodgkin lymphomas by itself. Pooled sensitivity and 
specificity of FDG PET/CT were 88.7% and 99.8%, respectively, with 
an overall accuracy of 99.8%. The proportion of patients with negative 
FDG PET/CT and positive BMB finding was low (about 3.1%), while 
FDG PET/CT was able to detect bone marrow involvement when 
missed by BMB in 12.5% of patients. Thus, bone marrow involvement 
is almost certain when FDG PET/CT is positive, and BMB could be 
omitted in these patients. Criteria to assess positivity for bone marrow 
involvement on FDG PET/CT were either FDG uptake in the bone 
marrow higher than in the liver or focal (single focus or multiple foci) 
bone marrow uptake that could not be explained by benign findings on 
the underlying CT image or history.

However, it is not clear whether a diffuse bone marrow FDG uptake 
should be regarded as positive for bone marrow involvement, although 
the aforementioned meta-analysis [15] demonstrates that 12 out of 14 
patients (85.7%) with diffuse bone marrow uptake on FDG PET/CT 
had positive BMB findings.

A recent study by El-Galaly et al. [16] has compared retrospectively 
the staging results in a large cohort of patients with Hodgkin lymphoma 
diagnosed before and after the introduction of FDG PET/CT: advanced 
stage disease (stage IV) was more frequently diagnosed after the 
introduction of PET/CT than before, while early stage disease (stage 
I) was less frequent. Besides, the presence of focal FDG bone marrow
uptake was associated with a higher risk of progression.

Despite excellent performance in bone marrow staging in both 
Hodgkin and non-Hodgkin lymphomas, FDG PET/CT false-positive 
findings may occur, especially when diffuse bone marrow and splenic 
uptake are observed at the initial imaging. As demonstrated by 
Salaun et al. [17], diffuse bone marrow uptake is more likely to be 
due to inflammatory changes than bone marrow involvement, while 
splenic uptake more frequently reflects disease involvement. Similarly, 
reduction in FDG uptake after treatment could be attributed either to 
response in sites of lymphomatous infiltration or to the resolution of 
benign inflammatory involvement.

In conclusion, FDG PET/CT is a reliable and accurate diagnostic 
tool for the assessment of bone marrow disease and correct staging of 
patients with Hodgkin or non-Hodgkin lymphomas, with a greater 
sensitivity than BMB in detecting focal involvement non-invasively; 
however, because of the risk of possible false-positive inflammatory 
findings, the use of both BMB and FDG PET/CT in the pre-treatment 
setting can be considered acceptable in clinical practice.
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