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Background: Despite the lack of clinical studies supporting 
the use of routine surveillance FDG-positron emission tomo- 
graphy (PET) in patients with diffuse large B cell lymphoma 
(DLBCL) who achieved remission, many centers still use this 
strategy, especially in high risk patients. Surveillance FDG-PET 
computed tomography (CT) is associated with a high false 
positive (FP) rate in DLBCL patients. 
Objectives: To investigate whether use of specific CT measure- 
ments could improve the positive predictive value (PPV) of 
surveillance FDG-PET/CT. 
methods: This retrospective study included DLBCL patients 
treated with CHOP or R-CHOP who achieved complete remis- 
sion and had at least one positive surveillance PET. CT-
derived features of PET-positive sites, including long and 
short diameters and presence of calcification and fatty hilum  
within lymph nodes, were assessed. Relapse was confirmed 
by biopsy or consecutive imaging. The FP rate and PPV 
of surveillance PET evaluated with/without CT-derived 
measurements were compared. 
results: Seventy surveillance FDG-PET/CT scans performed in 
53 patients were interpreted as positive for relapse. Of these 
studies 25 (36%) were defined as true-positive (TP) and 45 
(64%) as FP. Multivariate analysis found long or short axis 
measuring ≥ 1.5 and ≥ 1.0 cm, respectively, in PET-positive 
sites, International Prognostic Index (IPI) ≥ 2, lack of prior 
rituximab therapy and FDG uptake in a previously involved 
site, to be independent predictors of true positive surveillance 
PET (odds ratio 5.4, 6.89, 6.6, 4.9, P < 0.05 for all). 
conclusion: PPC of surveillance PET/CT may be improved if 
used in selected high risk DLBCL patients and by combined 
assessment of PET and CT findings.
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aBstract:

KeY wOrds:

t he benefit of using a surveillance strategy for early detec-
tion of disease recurrence depends on the probability of 

disease relapse, the sensitivity and specificity of the test, and 
the prognostic value of preclinical detection of relapse [1]. The 
incidence of relapse in patients with diffuse large cell B cell 
lymphoma (DLBCL) treated in the rituximab era approaches 
40%, with most relapses occurring during the first 2 years after 
completion of therapy [2]. The ESMO and Lugano guidelines 
[3,4] recommend following DLBCL patients who achieve clini-
cal remission and reserving imaging studies for the individuals 
exhibiting clinical features suggestive of relapse. Similarly, the 
National Comprehensive Cancer Network (NCCN) recom-
mends following high risk patients who initially presented with 
an advanced disease, and performing computed tomography 
(CT) scans not more often than every 6 months for up to 2 
years after completion of treatment [3-6]. However, despite 
these recommendations, many centers employ routine surveil-
lance positron emission tomography (PET) scans, aiming to 
detect early preclinical disease progression, especially in high 
risk patients who are more likely to relapse.  

The diagnosis of relapse either by CT or PET is based on 
visualization of lesions and/or uptakes, fulfilling well-defined 
criteria (Cheson response criteria and Lugano classification) 
[4,5]. The sensitivity of surveillance CT scans varies from 26% 
to 100% (average 62%), whereas specificity ranges between 35 
and 100% (average 92%) [1]. Although the sensitivity of surveil-
lance FDG-PET scans reaches 100% [7-9], he disadvantages 
of this technique are high rates of false positive (FP) results 
and a low positive predictive value (PPV) of up to 21% only, as 
reported in some publications [7]. Such caveats have become 
even more prominent since the introduction of rituximab, 
which appears to induce marked inflammatory responses 
resulting in FP uptakes [9,10]. These limitations, together with 
the lack of a proven survival benefit, prevent extensive use of 
the imaging surveillance strategy for following patients with 
DLBCL in remission [11,12]. Moreover, the feasibility of using 
surveillance PET scans in high risk patients remains debatable. 
Nevertheless, in this high risk population, an imaging approach 
capable of providing high specificity and sensitivity is still 
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needed, which would avoid undesirable diagnostic procedures, 
over-treatment and unjustified mental stress. 

The integration of CT-related parameters into the interpre-
tation criteria of PET-positive surveillance studies may offer 
an approach that meets both sensitivity and specificity criteria. 
Data derived from the Hodgkin lymphoma (HL) setting sug-
gest that combining CT and PET strategies may indeed improve 
the specificity of surveillance scans [13]. Studies evaluating this 
combined imaging approach in the DLBCL setting are limited. 
The aim of the current study was to investigate whether the 
application of specific CT morphologic measurements could 
reduce the FP rate and improve the PPV and clinical applicabil-
ity of surveillance FDG-PET/CT in detecting DLBCL relapse. 

Patients and metHOds
The study was approved by the Institutional Review Board of 
the Rambam Health Care Campus, Haifa, Israel (approval # 
0039-10 RMB). The institutional database was retrospectively 
searched for adult patients with newly diagnosed DLBCL, 
treated with CHOP or CHOP-R during the years 1995–2002 
and 2003–2007, respectively, who achieved complete remission 
(CR) defined by CT (1995–2000) or by PET/CT (2000–2007) 
according to response criteria devised by Cheson et al. [5,14]. 
The patients underwent repeated surveillance PET/CT studies 
during 2000–2009 according to the departmental protocol used 
at that time, i.e., at 6 month intervals in the first and second 
years of CR (except for a few patients who had an additional 
scan at 3 months post-treatment), and one scan per year over 
the next 5 years of CR, with a maximal surveillance PET period 
of 7 years from the end of treatment, or when relapse was sus-
pected [9]. All positive surveillance PET scans suggestive of dis-
ease relapse were further evaluated. Relapse, defined as disease 
recurrence within ≥ 3 months after therapy completion, was 
confirmed histologically when feasible. However, when biopsy 
was technically not feasible, clinical reassessment, including a 
repeated PET study, was performed, and relapse was identified 
in the presence of disease progression.

Fdg-Pet/ct tecHniQue and result interPretatiOn 
All FDG-PET studies were performed using a PET/CT system 
combining a dedicated PET scanner and a multi-slice CT (GE 
Discovery LS, GE, Milwaukee, USA), 60–90 minutes after 
injecting 370–555 MBq18F-FDG. Patients were instructed to 
fast for at least 4 hours and their blood glucose was measured 
to ensure a serum level lower than 11 mMol/L prior to injection. 
All PET/CT scans were performed without injection of intrave-
nous contrast media, according to the policy of our institution. 
The PET/CT methodology was not changed during the entire 
period of the study. Each of the original surveillance PET/CT 
studies was reviewed visually by a team of at least two nuclear 
medicine physicians experienced in PET/CT reading, who were 

cognizant of updated clinical data and prior imaging results for 
each patient. In all cases, consensus regarding the final report 
was reached among the readers. The surveillance PET/CT was 
considered negative for the presence of lymphoma on visual 
review when no foci of increased FDG uptake were revealed, 
other than those related to physiologic bio-distribution of the 
tracer or to a known or presumed benign process. A mild FDG 
uptake, involving calcified lung hilar nodes or small peripheral 
lymph nodes (head and neck, axilla and inguinal region) char-
acterized by morphologically benign imaging features, was also 
considered negative. Any other foci of increased FDG uptake 
compared to the background (using the mediastinal blood pool 
activity as the reference background activity) were considered 
abnormal and suspicious of relapse. A positive surveillance PET 
scan was defined as true positive (TP), and a negative scan was 
considered false negative (FN) if relapse was confirmed within 
the first 6 months after imaging.

ct-related measurements and interPretatiOn 
All sites determined as positive by surveillance PET scans 
were evaluated. CT-derived features of PET-positive sites 
were assessed, including long and short diameters (cm), and 
the presence of calcification and fatty hilum within lymph 
nodes. According to the revised response criteria for malig-
nant lymphoma (Cheson criteria) [5], lymph nodes should be 
considered abnormal if the long axis is > 1.5 cm, regardless 
of the length of the short axis. A lymph node with a long axis 
ranging from 1.1 to 1.5 cm should be considered abnormal only 
if its short axis is longer than 1.0 cm. Moreover, lymph nodes 
with a short axis of ≤ 1.0 cm will not be considered indica-
tive of relapse or progressive disease [5]. The long and short 
axes of lymph nodes with abnormally increased FDG uptake 
were measured and their definition as suspicious of relapse was 
based on the Cheson criteria. Additional CT-related features, 
commonly considered typical of reactive lymph nodes, includ-
ing the presence of nodal fatty hilum and calcifications, were 
also assessed. These characteristics were interpreted as suspi-
cious of benign processes, regardless of the lymph node size.

data analYsis
Surveillance PET scans assessed with versus without concurrent 
use of CT-derived measurements were compared, focusing on FP 
rate and PPV of these two approaches for determining relapse. 

statistical analYsis 
Data were analyzed using SPSS version 18. Descriptive statis-
tics in terms of frequencies and standard normal distribution 
of quantitative variables were tested using the Kolmogorov-
Smirnov test. The Mann-Whitney U test was used to analyze 
differences in "abnormally distributed" variables. Fisher’s exact 
test was used to determine the relation between categorical 
variables. Logistic regression was employed to determine the 
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lymph node uptake. CT was negative, as may often occur with 
central nervous system lymphoma on a non-contrast enhanced 
brain CT. In two additional surveillance scans, the short and 
long axis parameters were not measurable as pathologic uptakes 
were in the spleen, thyroid gland and liver with hypodense areas 
(not focal lesion) in CT. These two scans were TP. At least one 
lymph node with a long axis diameter > 1.5 cm was demon-
strated in 26 of 70 scans (38%). The proportion of PET scans 
fulfilling this criterion was significantly higher in scans even-
tually defined to be truly positive (approaching 74%, n=17), 
compared with its occurrence in FP PET scans (20% only, n=9, 
P ≤ 0.0001). Notably, just about a quarter (26%, n= 6) of TP 
scans represented LNs with a long axis shorter than 1.5 cm. 
LNs with a short axis larger than 1 cm were found in 23 scans 
(34%). Again, this finding was predominantly demonstrated in 
74% of TP scans, compared with only 13% of FP scans (P < 
0.0001). The likelihood of a FP scan in images demonstrating 
LNs with a short axis > 1 cm approached 26%.The ratio between 
the long and the short axis (defined as "long-short ratio") in 
FDG-positive LNs ranged between 0.9 and 3.8 (median ratio 
1.5), with no significant difference in this ratio between TP ver-
sus FP PET scans. LNs fulfilling both CT criteria for relapse, i.e., 
a long axis > 1.5 cm and a short axis > 1 cm, were demonstrated 
in 22 scans. The proportion of these "double featured" LNs was 
higher in TP compared with FP PET scans (73%, n=16 vs. 27%, 
n=6). The frequency of nodal calcifications in positive PETs was 
very low; it was reported in three scans only, all considered as 
FP. Fatty hilum was demonstrated in one case only which was 
also confirmed as FP.

surveillance Pet versus cOmBined Pet/ct FOr relaPse 
detectiOn 
Twenty-five of 70 FU-PET studies (36%) were defined as TP 
and 45 (64%) as FP. The measurement of either LN long axis 
> 1.5 cm or short axis > 1.0 cm has significantly improved the 
prediction of relapse determined by PET, providing an almost 
twice as high PPV with this combined approach, compared to 
that obtained with PET only (67% vs. 36%) [Table 1]. With the 
use of the CT measurement of LN short axis > 1.0 cm, the PPV 
improved to 74%. Similarly, combined assessment of long axis 
> 1.5 cm and short axis > 1.0 cm yielded a PPV of 73% [Table 

variables predicting a FP result. P < 0.05 was considered statisti-
cally significant.

results 
Data of 137 patients with DLBCL who achieved CR were 
reviewed. Eighteen patients in whom surveillance PET scans 
were not performed in remission were excluded from further 
analysis. A total of 119 patients treated with CHOP-R (84, 71%) 
or CHOP only (35, 29%) underwent 423 surveillance PET 
scans between 2000 and 2009. Of these PETs 340 (80%) were 
interpreted as negative for relapse, with no evidence for disease 
recurrence during a further follow-up of at least 6 months, 
indicating a FN rate of 0% and negative predictive value (NPV) 
of 100%. Eighty-three follow-up PET scans (FU-PETs) (20%) 
performed in 63 patients were interpreted as positive for relapse. 
Thirteen positive PET studies in 12 patients were excluded from 
the analysis due to poor quality of CT scans, insufficient for ade-
quate morphologic evaluation. Seven of these cases were false 
positive and 6 were true positive. The study therefore included 
70 scans (17 in patients treated with CHOP and 53 in subjects 
receiving CHOP-R), performed in 51 patients (15 in the CHOP 
cohort and 36 in the CHOP-R group) that were evaluated for 
CT-associated characteristics. 

Relapse was eventually confirmed in 25 of the 51 evaluable 
patients, either histologically (n=10) or by repeated PET/CT 
scans (n=15), demonstrating disease progression.

ct measurements OF Pet-POsitive sites 
Seventy surveillance scans considered as positive were ana-
lyzed. Sites that showed increased FDG uptake were evaluated, 
including measurement of the length of lymph node (LN) long 
and short axes and assessment of LN-related morphological 
parameters, such as central fatty hilum and calcification. 

In 15 of 70 surveillance scans, PET was positive but without 
concordant findings in the CT. In these cases the short and long 
axes were defined as zero. Thirteen of these scans were FP, 2 
scans were TP. In one TP scan, a pathologic hilar uptake was 
demonstrated, and the radiologist noted difficulty in evaluating 
hilar lymph nodes by CT without contrast media. The second 
TP scan demonstrated a temporal lobe uptake only, without 

table 1. Lymph node measurements of PET-positive sites improve PPV of PET results 

 Pet*
Pet*/long axis  
> 15 mm

Pet*/short axis  
> 10 mm

Pet+/short axis
≥ 10 mm

Pet*/short axis > 10 mm  
+ long axis > 15 mm

Pet*/short axis > 10 mm or 
long axis > 15 mm

Pet*/short axis ≥ 10 mm 
or long axis ≥ 15 mm

No. of positive results 70 26 23 30 22 27 34

FP 45 9 6 11 6 9 14

TP 25 17 17 19 16 18 20

PPV 36% 65% 74% 63% 73% 67% 59%

PET* = PET-positive 
PPV = positive predictive value, FP = false positive, TP = true positive
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In a univariate analysis, IPI ≥ 2 was associated with a significantly 
higher rate of TP PETs (64% of TP results vs. 27% of FP results 
were in patients with IPI ≥ 2, P = 0.005); PPV of surveillance PET 
in patients with IPI ≥ 2 was 57%. The age, gender and disease 
stage did not affect the prevalence of TP versus FP PET scans. 
The evaluated treatment-related parameters included exposure 
to rituximab, and the interval between completion of therapy and 
appearance of a positive scan. PPV of surveillance PET in patients 
treated with rituximab was significantly decreased compared to 
that reported for patients treated with CHOP only (20% vs. 82%, 
P < 0.0001). The period between completion of therapy and PET 
positivity was not found to have an impact on the likelihood of 
obtaining a FP or TP result [Table 4]. The significance of imaging-
related parameters for technique sensitivity and specificity was 
evaluated, focusing on the presence of residual FDG uptake in 
a previously involved site, and occurrence of FDG uptake in a 
single versus multiple sites. In a univariate analysis, the presence 
of an uptake in a previously involved site was found to signifi-
cantly correlate with TP PET, with a PPV approaching 62.5% 
versus 14% if FDG uptake involved a new site (P < 0.0001). The 
number of FDG-positive sites had no impact on the likelihood of 
obtaining a TP PET. Details of this analysis are presented in Table 
4. Multivariate analysis confirmed IPI ≥ 2, lack of prior rituximab 
therapy, FDG uptake in a previously involved site, and long or/
and short axis measurements ≥ 1.5 and 1.0 cm, respectively, to be 
independent predictors for TP FU-PET scans (odds ratio 6.89, 
6.6, 4.9 and 5.4, P < 0.05 for all).

discussiOn 
FDG-PET, a non-invasive imaging technique visualizing physi-
ological and pathological processes, has been established to be 

1]. Two TP surveillance scans were with a long axis < 1.5 and a 
short axis equal to 1.0 cm. The use of either long axis ≥ 1.5 cm or 
short axis ≥ 1.0 cm (instead of > 1.5 cm or > 1.0 cm, respectively) 
in CT measurements provided a PPV for relapse of 59% [Table 
1]. Twenty of 25 TP scans were considered positive using these 
CT criteria. Among the remaining five TP PET/CT scans, one 
showed pathologic hilar uptakes which were difficult to evaluate 
by CT without contrast media; one demonstrated a temporal 
lobe uptake without finding on CT, performed without contrast 
media; and two revealed pathologic uptake in the spleen, thyroid 
gland and liver with hypodense areas on CT, which were unmea-
surable. Only one of these five TP PET/CT scans demonstrated 
an uptake in a LN of less than 1 cm x 1.5 cm in diameter.

suBgrOuP analYsis OF Patients treated witH Or  
witHOut rituximaB
Of the 70 positive FU-PETs, 17 were found in patients treated 
with CHOP only. Of these 17 studies, 14 (82%) were defined as 
TP and 3 (18%) as FP. The measurement of either LN long axis 
> 1.5 cm or short axis > 1.0 cm had no additional impact on the 
prediction of relapse determined by PET [Table 2]. Of the 70 
positive FU-PET studies, 53 were observed in patients treated 
with CHOP-R: 11 (20%) were defined as TP and 42 as FP (80%). 
The measurement of either LN long axis > 1.5 cm or short axis 
> 1.0 cm has significantly improved the prediction of relapse 
determined by PET, providing a PPV of 50% with this combined 
approach, compared to 20% achieved with PET only [Table 3].

Parameters Predicting a tP result
Patient- and disease-related parameters – such as age, gender, 
International Prognostic Index (IPI) and disease stage at diagnosis 
– were evaluated for their influence on surveillance PET results. 

table 2. Lymph node measurements of PET-positive sites do not improve PPV of PET results in patients treated with CHOP

 Pet*
Pet*/long axis  
> 15 mm

Pet*/short axis  
> 10 mm

Pet+/short axis  
≥ 10 mm

Pet*/short axis > 10 mm 
+ long axis > 15 mm

Pet*/short axis > 10 mm or 
long axis > 15 mm

Pet*/short axis ≥ 10 mm or 
long axis ≥ 15 mm

No. of positive results 17 13 12 12 12 13 13

FP 3 2 2 2 2 2 2

TP 14 11 10 10 10 11 11

PPV 82% 84% 83% 83% 83% 84% 84%

PPV = positive predictive value, FP = false positive, TP = true positive

table 3. Lymph node measurements of PET-positive sites improve PPV of PET results in patients treated with CHOP+rituximab

 Pet*
Pet*/long axis  
> 15 mm

Pet*/short axis  
> 10 mm

Pet+/short axis  
≥ 10 mm

Pet*/short axis > 10 mm  
+ long axis > 15 mm

Pet*/short axis > 10 mm or 
long axis > 15 mm

Pet*/short axis ≥ 10 mm or 
long axis ≥ 15 mm

No. of positive results 53 13 11 18 10 14 21

FP 42 7 4 5 4 7 12

TP 11 6 7 9 6 7 9

PPV 20% 46% 64% 50% 60% 50% 43%

PPV = positive predictive value, FP = false positive, TP = true positive
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pendent of the size criteria used in CT response evaluation. A 
negative PET result excludes lymphoma in CT-positive nodes. 
On the other hand, the benefits of CT findings are added when 
size criteria are incorporated in PET analysis, thus excluding 
PET-positive reactive small lymph nodes.

Lee at al. [13] reported that PET/CT scans demonstrating 
concordant PET and CT findings were found to significantly 
improve the PPV of PET/CT scans in detecting recurrent HL. 
The current study included 70 surveillance FDG-PET/CT 
scans which were interpreted as positive for relapse. These 
scans were employed to evaluate whether a combination of 
PET- and CT-based criteria would reduce the FP rate and 
improve the PPV of PET scans used to detect DLBCL relapse. 
We used specific CT morphologic measurements in PET-
positive sites, focusing on short and long axis measurements, 
which fulfill the Cheson criteria [5], and morphologic appear-
ance of lymph node, i.e., calcifications and fatty hilum. The 
use of LN measurements (long axis ≥ 1.5 cm or short axis ≥ 
1.0 cm) in the delineation of PET-positive sites significantly 
improved the prediction of relapse in patients with DLBCL. 
With the combination of FDG uptakes and CT lymph node 
size criteria, five TP cases failed to be defined as positive. 
Among them, only one case was falsely considered as negative 
based on the LN size; in two other cases LN measurements 
were not available for the analysis as the CT demonstrated 
immeasurable hypodense areas; in the remaining two cases CT 
did not reveal pathology, most probably because the procedure 

the most sensitive method evaluating response to therapy in 
patients with DLBCL [5,14], distinguishing between viable lym-
phoma infiltrates and necrotic or fibrotic processes [15,16]. The 
clinical importance of using a surveillance imaging approach 
in patients with DLBCL is debatable, considering that adoption 
of currently available strategies has not been shown to prolong 
overall survival [12]. The new guidelines discourage using rou-
tine surveillance PET/CT scans [4,17], which entail unneces-
sary investigations, radiation exposure, biopsies, expenses, and 
patient anxiety. Follow-up scans should be prompted by clini-
cal indications only. However, in certain clinical scenarios and 
specific subpopulations, e.g., high risk patients who are likely 
to progress soon after completing therapy, surveillance imaging 
can be considered [6]. The benefit of a surveillance strategy for 
early detection of relapsed DLBCL depends on the probability of 
relapse, the sensitivity and specificity of the test, and the clinical 
value of early detection of relapse. In the current cohort, 78% 
of relapsed patients presented initially with advanced disease 
[9]. The integration of PET and CT results, suggested in this 
study, may potentially increase the specificity of a positive 
surveillance PET scan, which is of particular importance for 
a selected population of such high risk patients. Of note, the 
results of PET/CT imaging performed due to a clinical suspicion 
of relapse were included in the present analysis. While these 
scans would be expected to increase the PPV, it was actually 
found to be low. Many patients and physicians tend to have a 
low threshold of relapse suspicion, which may lead to unneces-
sary follow-up PET/CT evaluation. Accordingly, the search for 
a highly sensitive and specific approach for relapse assessment 
remains relevant even in the era when routine surveillance PET/
CT for all patients with DLBCL who achieved CR is considered 
unreasonable. Most studies investigating feasibility of surveil-
lance imaging in patients with DLBCL have used CT scanning. 
The present approach appears to be highly specific (92%) but 
not sufficiently sensitive (62%) [1]. In contrast, surveillance 
FDG-PET/CTs, though highly sensitive for detecting relapse, 
are affected by a high FP rate (30–80%), resulting in relatively 
low specificity [7,10,18-20]. In consensus with previous studies 
[9,10], prior exposure to rituximab appeared to contribute to 
this high FP rate. Therefore, an imaging approach offering high 
sensitivity along with high specificity and high PPV is required.

The revised response criteria for malignant lymphoma 
define relapse, assessed by CT according to LN size criteria and 
progression defined by PET, require existence of FDG uptake in 
a typical FDG avid lymphoma site [5]. A negative FDG uptake 
excludes residual post-therapy fibrosis, which may resemble 
active lymphoma according to CT-defined anatomic criteria, 
whereas CT findings, particularly LN measurements, may 
sometimes distinguish between small reactive lymph nodes and 
lymphoma-related LNs, both of which may present FDG uptake 
[21]. In other words, residual masses are not always malignant 
and PET has the unique ability to rule out malignancy inde-

table 4. Characteristics of surveillance positive PET scans

 
entire Pet+
n=70

tP Pet
n=25 (36%)

FP Pet
n=45 (64%) P

Median age 55 (19-81) 59 (19-81) 55 (24-75) 0.15

Gender: male 43 (61.4%) 15 (60%) 28 (62%) 1.00

international Prognostic index 
0+1
2+

42 (60%)
28 (40%)

9 (36%)
16 (64%)

33 (73%)
12 (27%) 0.005

stage
1+2
3+4

24 (34%)
46 (66%)

6 (24%)
19 (76%)

18 (40%)
27 (60%) 0.20

exposure to rituximab
Yes 
No 

53 (76%)
17 (24%)

11 (44%)
14 (56 %)

42 (93%)
3 (7 %) < 0.0001

Time (months) from completion of 
therapy, average (range) 15 (3–118) 17 (4–118) 15 (3–65) 0.71

months from end of therapy
< 12 months
≥ 12 months

28 (40%)
42 (60%)

12 (42.9%)
13 (31%)

16 (57.1%)
29 (69%) 0.32

involvement of a prior site of disease*
Yes
No

24 (36.4%)
42 (63.6%)

15 (62.5%)
6 (14.3%)

9 (37.5%)
36 (85.7%) < 0.0001

more than 1 vs. 1 site
One site
More than 1 site

42 (60%)
28 (40%)

12 (48%)
13 (52%)

30 (67%)
15 (33%) 0.15

*In four cases, data regarding the PET uptakes at diagnosis were not available
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at diagnosis was found to be an independent predictor of a TP 
surveillance PET scan in DLBCL. This observation is in line 
with findings by Lee and team [13] who determined factors that 
could significantly improve the PPV of PET scans in detect-
ing recurrent HL, including involvement of a baseline disease 
site. The data of the current study also correlate with Cheson 
response criteria, indicating that increased FDG uptake in a 
previously unaffected site should only be considered as relapsed 
or progressive disease after confirmation by further evaluation. 
The likelihood of an abnormal surveillance imaging test to rep-
resent a true relapse depends on the probability of relapse in 
the studied population as well as the sensitivity and specificity 
of the test [1]. Accordingly, the use of surveillance PET/CT only 
in a selected high risk population could increase the probability 
of a TP result. 

The correspondence between PET positivity and a CT find-
ing, i.e., short and long axis measurements of positive uptakes 
and morphologic appearance of these lymph nodes (calcifica-
tions and fatty hilum), appears to significantly improve the 
specificity and PPV of the highly sensitive PET/CT scan. The 
new Lugano classification incorporates in the revised response 
criteria the 5-point scale for PET interpretation (1 = no FDG 
uptake above background, 2 = uptake ≤ mediastinum, 3 = 
uptake > mediastinum but ≤ liver, 4 = uptake moderately > 
liver, 5 = uptake markedly higher than liver and/or new lesions, 
X = new areas of uptake unlikely to be related to lymphoma) 
[4]. Incorporation of this scale in the combined PET/CT 
approach might further improve the PPV of PET/CT results 
and should be assessed accordingly. 

Incorporation of CT findings in positive FDG-PET results 
may further improve PPV of PET/CT not only in the surveil-
lance setting. For instance, a recent prospective evaluation of 
the predictive value of interim PET in patients with DLBCL 
treated with R-CHOP [25] confirmed that an interim PET/CT 
scan has limited prognostic value. The authors of that study 
concluded that their findings might foster further research by 
adding clinical, pathologic, or radiologic parameters to the 
value of an interim PET/CT to better stratify patients with 
good versus poor prognosis. This will also eventually lead to 
adapting treatment strategies.

cOnclusiOns
Although highly sensitive, FDG-PET imaging is not sufficiently 
specific for detecting DLBCL relapse in asymptomatic patients 
during CR. Due to the radiation exposure and high costs, it 
cannot be recommended as a surveillance method for all such 
patients. The PPV of surveillance PET/CT may be improved if 
used in selected high risk patients and by combined assessment 
of PET and CT findings. Combined PET- and CT-based criteria 
for defining DLBCL relapse should be developed, and the prog-
nostic value of surveillance PET/CT in high risk patients should 
be further evaluated in large prospective studies. 

was performed without contrast media. Therefore, we assume 
that the efficacy of the combined PET/CT approach could be 
improved by using intravenous contrast media. 

LN calcifications and fatty hilum are usually considered typi-
cal features of benign lymphadenopathy. However, both findings 
were infrequent, and though not detected in any of the TP scans, 
appeared in only 9% of the FP scans, suggesting that while their 
existence supports the presence of a reactive benign process, 
their absence is insufficient for defining a true relapse. Actually, 
the low incidence of these findings may be at least partly attrib-
uted to the study design, given that surveillance PETs with FDG 
uptakes in presumably benign LNs were considered negative 
and were excluded from our analysis. 

Even using the proposed integration of PET- and CT-based 
criteria, and excluding any requirement for repeated short-
interval scans to judge the stability or resolution of indeter-
minate findings, 423 scans were required in order to identify 
25 true relapses. Radiation exposure, the remarkably high cost 
and stressful psychological issues associated with surveillance 
PET/CTs strategy along with the high FP rate and the unproved 
prognostic value of this method, raise questions about the feasi-
bility of using this approach in the entire population of patients 
with DLBCL as compared to a selected high risk cohort only. 
This suggestion is supported by several retrospective studies, 
mainly performed in the HL setting, that evaluated the role of 
surveillance PET/CT scans in high risk patients only [13,22,23]. 
The PPV of surveillance PET/CT scans was much increased in 
high risk HL subjects with extranodal disease or positive interim 
PET compared with that obtained in the entire population: 
36% vs. 22% [23]. Moreover, the detection of a radiographic 
abnormality within 12 months of first remission was associated 
with improved PPV of PET scans in detecting HL relapse [13]. 
These findings support the idea of selecting patients for sur-
veillance imaging based on their risk factors for relapse. In line 
with these data, Petrausch et al. [22] suggested that HL patients 
with advanced stage disease and those exhibiting residual mor-
phological findings in CT should undergo routine follow-up 
FDG-PET/CT. Our results support this selective approach, 
demonstrating a significant proportion of TP scans in patients 
with less favorable prognostic factors (IPI ≥ 2). This finding is 
in accordance with a recent publication [24] evaluating the role 
of surveillance PET/CT in DLBCL. The PPV in patients with 
IPI < 3 was 56%, compared to 80% in patients with IPI ≥ 3. The 
authors concluded that surveillance PET/CT is not useful for 
the majority of DLBCL patients with the possible exception of 
those with high IPI during the first 18 months after the end of 
therapy. It should be emphasized that it is not surprising that an 
IPI score ≥ 2 and the lack of previous treatment with rituximab 
increased the PPV of scans, as these criteria, a priori, are associ-
ated with a higher likelihood of DLBCL relapse in CR; hence, 
the Bayesian pre-test probability of relapse in these patients 
would be higher. In our study, an FDG uptake in a site positive 
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The protein α-synuclein (α-syn) accumulates in the brains of 
people with Parkinson's disease (PD), forming fibrils that are a 
hallmark of the disease. Tuttle et al. used sophisticated solid-
state nuclear magnetic resonance techniques to determine 
a high resolution three-dimensional structure of α-syn fibrils 
which they validated by electron microscopy and X-ray fiber 
diffraction. The structure exhibits many of the features that 

stabilize typical amyloid fibrils (like those seen in Alzheimer's 
disease), including a stacked α-sheet structure with a tightly 
packed core, but in this case the strands in each α sheet 
follow a serpentine, Greek key-like pattern. The structure may 
facilitate the development of diagnostic agents for PD. 
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“Once you hear the details of victory, it is hard to distinguish it from a defeat”
Jean-Paul Sartre (1905-1980), French writer, philosopher, political activist, biographer, and literary critic. He was one of the key 

figures in the philosophy of existentialism and phenomenology, and one of the leading figures in 20th century  
French philosophy and Marxism. His work has also influenced sociology, critical theory, post-colonial  

theory and literary studies, and continues to influence these disciplines




