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Table 3. Performance of the clinical prediction rule published by Vassilakopoulos et al10 in the validation sample compared to 
the original one

Risk Group Validation Sample Original Sample

Frequency [# (%)] Risk of BMI [# (%)] Frequency [# (%)] Risk of BMI [# (%)]

Low  257 (48%)  0/257 (0%)  646 (44%)  2/646 (0.3%)

Standard  172 (32%)  7/172 (4.1%)  544 (37%)  23/544 (4.2%)

High  110 (20%)  24/110 (21.8%)  290 (20%)  74/290 (25.5%)

Total  539 (100%)  31/539 (5.8%)  1480 (100%) 99/1480 (6.7%)

Table 4. Performance of the clinical prediction rule published by Levis et al11 in the validation sample compared to the original one

Risk Group Validation Sample Original Sample

(Score) Frequency [# (%)] Risk of BMI [# (%)] Frequency [# (%)] Risk of BMI [# (%)]

0  214 (42%)  0/214 (0%)  331 (29%)  1/331 (0.3%)

1  134 (26%)  5/134 (3.7%)  364 (31%)  9/364 (2.5%)

2  78 (25%)  7/78 (9.0%)  225 (19%)  17/225 (7.6%)

3-5  81 (16%)  13/81 (16.0%)  241 (21%)  65/241 (27.0%)

Total  507 (100%)  25/507 (4.9%)  1161 (100%) 92/1161 (7.9%)

between 1982 and 2000, in which the frequency of mixed 
cellularity and lymphocyte depletion was 34%. The present 
validation sample included 539 patients diagnosed between 
2003 and 2014 and the frequency of mixed cellularity and 
lymphocyte depletion histologies was only 21%. This is 
probably due to the gradual change of diagnostic criteria 
for HL subclassification during the 90’s. This difference 
is mainly responsible for the higher percentage of low-
risk patients in comparison to the original data of Levis 
model (42% vs 29%).11

Several studies have recently shown that PET/CT may 
reveal even more cases of BMi than BM biopsy does.14-25 
A recent meta-analysis of 955 patients demonstrated 
PET/CT sensitivity and specificity of 96.9% (95% CI: 
93.0-99.0%) and 99.7% (98.9-100.0% respectively), while 
only 1.1% of the patients had a positive BMB despite a 
negative PET/CT.26 The major study that contributed to 
this meta-analysis (454 patients) also suggested that 1.1% 
of the patients had positive BMB in the absence of positive 
PET/CT and that all of them were upstaged from stage 
III to IV without any impact on treatment strategy.17 Two 
other large studies reported similar results, with 21/1085 
(1.9%) and 1/832 (0.1%) of all patients having a positive 
bone marrow biopsy despite the absence of focal lesions on 
PET/CT. However, it should be noted that the criteria for 
bone marrow positivity by PET/CT were heterogenous in 

the studies included in the meta-analysis and 5/9 of them 
accepted diffuse BM uptake more than (or equal to) the 
liver as evidence of BMI in addition to focal uptake. Recent 
recommendations have adopted the omission of BMB in 
patients who have been staged by PET/CT,9,27 since the 
few false negatives are typically seen in already advanced 
stage patients, thus being of minor clinical significance 
(reviewed in ref#28,29).28,29

It should be noted that even after the elimination of the 
need for BMB by the application of PET/CT in patients 
with HL, the latter still remains an expensive staging 
procedure, that may not be available in the developing 
countries. Furthermore, it may not be universally avail-
able even in the Western world due to geographic, logistic, 
insurance-related or other limitations. In such situations, 
the use of the described clinical prediction rules may 
permit the omission of BMB in approximately half of 
patients with HL, i.e. those who belong to the low-risk 
group and have a very low risk of BMi. 

In conclusion, the clinical prediction rules described 
in 2004 and 2005 in order to stratify the risk of BMi in 
patients with HL appear to be valid in a large, independ-
ent patient series. This observation can encourage their 
application in the everyday practice and the present evalu-
ation suggests that our 2005 clinical prediction rule may 
be the most suitable. This may be particularly useful in 




