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ABSTRACT

Backgrounds and Purpose—In indolent non-Hodgkin lymphoma, histological transformation is a dramatic event
which reduces the prognosis significantly. SUVmax values from FDG-PET/CT help differentiate between ag-
gressive and indolent lymphomas, and transformed indolent lymphomas also show an increased FDG uptake.
Possibly FDG uptake increases early in the clinical course and could predict histological transformation. Our
objective was to predict histological transformation in indolent lymphomas from initial staging FDG-PET/CT.
Patients and Methods—A retrospective study was performed. Patients with biopsy-proven indolent lymphoma
who had had initial staging FDG-PET/CT were included. Qualitative (foci compared with FDG uptake liver) and
semiquantitative (SUVmax-value per focus) analyses were performed of all abnormal foci. Patient characteristics
and outcome were evaluated. Results—We included 88 patients, 5 of whom developed a histological transforma-
tion. Semiquantitative analysis showed a relation between maximum standardized uptake value and histological
transformation (odds ratio 1.25, 95% CI 1.024 - 1.513). Qualitative analysis showed a negative predictive relation
of FDG uptake less than or equal to liver in the occurrence of histological transformation. Transformation-free
survival was 100% over 30 months in those with FDG uptake lower than or equal to liver. More FDG uptake
than liver showed transformation-free survival of 88% over 30 months. Conclusion—Qualitative analysis of
staging FDG-PET/CT in indolent lymphomas could be useful to rule out transformation in the next 30 months.
In our study, semiquantitative analysis was statistically significantly associated with histological transformation
and maximum standardized uptake value. However, because of the small number of patients, cautious interpre-
tation of the results is warranted. More studies are needed to investigate the role of staging PET/CT in patient
with indolent non-Hodkin lymphoma in the prediction of transformation.
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1. Introduction [4,5]. In Europe, the incidence of follicular lymphoma is
2.18 per 100.000 per year [6]. Other frequent indolent

(NHL) is slow with a relatively long survival. Indolent
lymphomas are characterized by years without sympto-
matology and an occasional show of progression [1-3].
Follicular lymphoma grade I-11 (FL I-11) is the most com-
mon type and accounts for 70% of indolent lymphomas
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lymphocytic lymphoma (CLL/SLL), lymphoplasmacytic
lymphoma (LPL), nodal marginal zone lymphoma
(MZL), splenic marginal zone lymphoma (SMZL) and
mucosa-associated lymphoid tissue lymphoma (MALT
lymphoma) [5].
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Indolent lymphomas have a remarkable clinical course
and have an unusual treatment. Limited disease is treated
by local involved radiotherapy. Extended disease is being
treated by the principium of “wait-and-see”. There is no
difference in survival between the strategies “wait-and-
see” and immediate start of chemotherapy [7]. Chemo-
therapy starts if there are mechanic or cosmetic com-
plaints caused by enlarged lymph nodes jeopardizing
function of vital organs, impending pancytopenia (due to
bone marrow infiltration) and B-symptoms. Although
indolent lymphomas know a relatively long survival,
histological transformation reduces the prognosis dra-
matically. The indolent lymphoma transforms into a
lymphoma with an aggressive clinical manifestation. [1,5,
8-10]. At diagnosis, 10-year survival of indolent lym-
phoma is 75% in non-transformed follicular lymphoma,
but if follicular lymphoma undergoes histological trans-
formation, 10-year survival from initial diagnosis is only
36% [8]. Histological transformation occurs in the first 5
years after diagnosis in 20% of follicular lymphoma cas-
es, while 30% of the cases have transformed after 10
years [8,11].

Other indolent lymphomas have a lower transforma-
tion incidence. For instance in CLL/SLL, transformation
also known as Richter’s syndrome occurs in 15% over 10
years [12]. After histological transformation, chemothe-
rapy response is poor. Median survival in transformed
indolent lymphomas is only 14 - 20 months after treat-
ment [8,9].

In the majority of the patients, histological transforma-
tion is accompanied by a change of the clinical behavior
to a more aggressive disease. Rapidly growing lympha-
denopathy [13], involvement of extranodal sites [13,14],
B-symptoms [9] and raised serum lactate dehydrogenase
level [1,9,14] are thus suggestive for a histological trans-
formation. The diagnosis should be confirmed by biopsy
[11]. Detection of histological transformation is relative-
ly simple, but treatment options are limited once histo-
logical transformation has occurred. It is not known whe-
ther earlier start therapy improves prognosis when histo-
logical transformation occurs. First predictive factors are
therefore needed. Known risk factors for histological
transformation are Il or IV Ann Arbor stage disease,
elevated LDH (>450 1U/L), Beta-2 microglobulin > 3
mg/L, serum albumin < 3.5 mg/L, high Follicular Lym-
phoma International Prognostic Index (FLIPI) or Interna-
tional Prognostic Index (IP1) and no complete remission
after initial chemotherapy [1,10].

[*®F]-fluorodeoxyglucose (FDG) positron emission
tomography-computed tomography (PET-CT) is com-
monly performed in the management of patients with
lymphomas. Recent studies showed that it is possible to
distinguish between indolent and aggressive lymphomas.
The semiquantitative “standardized uptake value” (SUV)
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is helpful to determine the clinical behavior of the lym-
phoma. High SUV indicates an aggressive lymphoma;
low SUV indicates an indolent lymphoma [15-17].
Transformed indolent lymphomas also show high SUV
comparable to aggressive lymphomas at the time of di-
agnosis of histological transformation [18]. At what
moment metabolism in indolent lymphomas increases is
not clear yet. As histological transformation is thought to
occur locally [19], there may already be locally increased
metabolism before histological transformation expresses
clinically.

Our objective was to predict histological transforma-
tion from increased FDG uptake at initial staging FDG-
PET/CT.

2. Patients and Methods
2.1. Patient Selection

All FDG-PET/CT studies done between October 2007
and June 2012 in patients with indolent NHL were
evaluated retrospectively. Patients were included if they
met the following entry criteria: histopathologically con-
firmed indolent NHL and FDG-PET/CT for staging
within 1 month of diagnosis. Patients with any treatment
for indolent lymphoma before FDG-PET/CT were ex-
cluded. Patients with another diagnosis of cancer were
also excluded. The study was approved by the local re-
view committee.

2.2. Clinical Staging

In each patient at least one lymph node biopsy and bone
marrow biopsy were performed, in one patient the biopsy
was taken from the spleen. The histopathological biop-
sies were reviewed by pathologists of our institution, the
recent WHO Classification for NHL was used [20,21].
We also collected lactate dehydrogenase (LDH), hemog-
lobin (Hb), lymphocyte and monocyte counts whenever
available.

2.3. ®F-FDG-PET/CT

Studies were performed using the integrated 40-slice
PET/CT scanner (Biograph 40 True Point PET-CT, Sie-
mens Medical Systems). Patients fasted for six hours
before injection of FDG. Plasma blood glucose had to be
below 10 mmol/L prior to injection. Patients received
intravenous FDG (3 MBg/kg body weight). After sixty
minutes of rest, FDG-PET/CT was performed. A low-
dose CT scan, which is used for attenuation correction of
PET emission images as well as for anatomic localization
of PET abnormalities, was acquired first. Then PET
emission images were performed with a resolution of 1.5
mm per slice. Images were acquired from the level of the
skull base to the inguinal region.
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2.4. Image Analysis

FDG-PET/CT scans were reviewed and reported by a
nuclear medicine physician. The FDG-PET/Ct scans
were reviewed without the knowledge of histologic
transformation. Supervised by an experienced nuclear
medicine physician (JMHK), a medical student (PEB)
identified a “region of interest” (ROI) using the report. A
ROI was defined as an abnormal focus with a diameter of
at least 10 mm [22]. Each ROI was assessed both semi-
quantitatively and qualitatively.

For a semiquantitative evaluation the “standardized
uptake value” (SUV) was calculated. The SUV was cal-
culated for a spherical ROl of 10 mm diameter. This
calculation was done using Siemens TrueD. The maxi-
mum SUV (SUVmax) and the mean SUV (SUVmean)
was calculated for each ROI. If more than one ROI was
identified, the highest SUVmax and SUVmean of the
patient were recorded for further analysis. This format
was chosen to study whether the most suspect ROI could
be identified based on FDG uptake. The qualitative
evaluation was done through visual assessment using a
4-point scale. The FDG hepatic uptake was used as ref-
erence [23,24]. Each ROI was assessed qualitatively. The
highest visual assessment of each patient was recorded
for further analysis.

2.5. Statistical Analyses

The “overall survival time” (OS) was defined as the time
between the histopathological diagnosis to the time of
death, regardless of the cause of death. The “transforma-
tion free survival time” (TFS) was defined as the time
between the histopathological diagnosis to the time of
histopathological confirmation of histological transfor-
mation. The “progression free survival time” (PFS) was
defined as the time between the histopathological diag-
nosis to the time of radiological confirmation of progres-
sion. Patients were censored when they were lost of fol-
low up. The OS, PFS and TFS were expressed in months.

A survival analysis was done using Kaplan-Meier
curves. Log rank tests were done to demonstrate signifi-
cant difference between the curves in Kaplan Meier
analysis. To demonstrate a relationship between FDG
uptake and the events histological transformation and
progression a univariate logistic regression was done. To
establish an independent relationship we conducted a
multivariate logistic regression. Results were considered
statistically significant when the P-value was lower than
0.05. All statistical analyses were done using SPSS ver-
sion 20.0.

3. Results
3.1. General Results

A total of 88 patients were included, each patient had
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biopsy-proven indolent NHL. Baseline characteristics are
listed in Table 1. In our study, we identified the follow-
ing histological subtypes: follicular lymphoma grade I-11
(n = 42), chronic lymphocytic leukemia/small lympho-
cytic lymphoma (n = 18), lymphoplasmacytic lymphoma
(n =7), nodal marginal zone lymphoma (n = 7), splenic
marginal zone lymphoma (n = 5), MALT lymphoma (n =
6), Hairy cell leukemia (n = 1) and unspecified indolent
lymphoma (n = 2). We identified five histological trans-
formations in our study; each of these patients had biop-
sy-proven histological transformation to diffuse large B-
cell lymphoma (Table 2).

Patients in our study population underwent various in-
itial treatments (Table 1). Forty-six patients (52.3%)
underwent conservative treatment “Wait-and-see”, Thir-
teen patients (13%) underwent involved field radiothe-
rapy and twenty-seven patients (30.7%) were treated
with chemo-immunotherapy. Pro diagnosis one patient
underwent splenectomy and the diagnosis splenic mar-
ginal zone lymphoma was confirmed histopathologically.
Another patient with localized gastric MALT lymphoma
received helicobacter pylori eradication.

3.2. Semiquantitative Analysis

We evaluated SUV in each patient, the highest SUV val-
ue was taken for each patient for further analysis. A un-
ivariate logistic regression was done for the occurrence
of histological transformation. The odds ratio was 1.25
(95% CI 1.024 - 1.513) for each unit of SUVmax. For
SUVmean the Odds Ratio was 1.45 (95% CI 0.979 -
2.137) per unit of SUVmean. We performed a univariate
logistic regression for progression in lymphoma. We
found an odds ratio of 1.01 (95% CI 0.924 - 1.111) per
unit SUVmax. SUVmean showed an odds ratio of 0.99
(95% CI 0.838 - 1.177). Multivariate logistic regression
analysis of histological transformation showed an odds
ratio 1.44 (95% CI 1.073 - 1.932) per unit SUVmax
when corrected for LDH.

3.3. Qualitative Analysis

The qualitative analysis was done using Kaplan-Meier
curves. In patients who had only ROI with FDG uptake
less than or equal to the liver, no histological transforma-
tion was observed. All five histological transformations
occurred in patients with ROl with more FDG uptake
than liver (Figure 1). To test the difference between the
curves for statistical significance a Log Rank test was
performed (p = 0.053). In the group with FDG uptake
less than or equal to the liver, 100% was transformation-
free over 30 months. In the group with more FDG uptake
than the liver 88% was transformation-free over 30
months.

We studied the association of visual FDG uptake with
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Table 1. Baseline patient population: Patient characteristics at initial staging of indolent lymphoma (n = 88).

- Non-transformed indolent lymphoma at the end of Transformed indolent lymphoma at the end of
Characteristics

follow up (n = 83) follow up (n =5)
n % n %
Male sex 50 60.2 1 20.0
Age
>60 years 45 54.2 3 60.0
Mean (years) 61 (30 - 88) 60 (27 - 84)
Histology of lymphoma
Follicular grade I-11 40 48.2% 2 40.0
CLL/small lymphocytic 17 20.5% 1 20.0
Lymphoplasmacytic 6 7.2% 1 20.0
Nodal marginal zone 7 8.4% 0 0.0
Splenic marginal zone 4 4.8% 1 20.0
MALT 6 7.2% 0 0.0
Hairy cell leukemia 1 1.2% 0 0.0
Indolent unspecified 2 2.4% 0 0.0
Extensiveness
B symptoms 4 4.8% 1 20.0
Bone marrow involvement 34 41.0% 2 40.0
Involvement (>4 lymph node areas 19 59.0% 2 400
affected)
Bulky mass (>6 cm) 4 4.8% 2 40.0
Extranodal involvement 17 20.5% 0 0.0
Splenic involvement 8 9.6% 1 20.0
Laboratory
Mean lactate dehydrogenase (1U/L) 361 (128 - 995) 647 (463 - 995)
Lactate dehydrogenase > 450 1U/L 17 20.5% 5 100.0
Mean hemoglobine (mmol/L) 8.3(5.0-10.3) 75(6.5-7.9)
Hemoglobine < 7.5 mmol/L 25 30.1% 1 20.0
Initial therapy
Wait-and-see 45 54.2% 1 20.0
Radiotherapy 13 15.7% 0 0.0
Chemo-immunotherapy 23 27.7% 4 80.0
Other 2 2.4% 0 0.0
Mean follow up (months) 30.1 (2 - 86) 46.0 (14 - 86)
Table 2. Characteristics of cases with histological transformation.
Patient 1 2 3 4 5
Characteristics at diagnosis
Histology CLL FL I-11 FL I-11 SMZL LPL
Age (years) 27 57 60 84 70
Sex F M F F F
Staging Binet B 4A 4A 1S 4A
LDH (1U/L) 995 463 726 553 496
SUVmax 4.2 19.1 12.6 85 114
SUVmean 1.7 8.3 6.1 53 9.0
Visual 313 3/3 313 313 313
Characteristics at histological transformation
Time to transformation (months) 30 7 8 12 8
Histology DLBCL DLBCL DLBCL DLBCL DLBCL

Abbreviations: CLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; FL I-11, follicular lymphoma grade I-11; SMZL, splenic marginal zone lym-
phoma; LPL, lymphoplasmacytic lymphoma; DLBCL, diffuse large B-cell lymphoma; M, male; F, female; LDH. Lactate dehydrogenase; SUVmax.maximum
standardized uptake value; SUVmean, mean standardized uptake value.
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Histological transformation

Visual analysis
No FDG uptake or less or
equal uptake then liver
HFDG uptake more then liver

Cumulative Survival

0.27

P=10.053

0.07

No FDG uptake or less or
equal uptake then liver-
censored

% FDG uptake more then liver-
censored

T T T T T
0.00 10.00 20.00 30.00 40.00

T T
50.00 60.00

Transformation free survival

Figure 1. Kaplan-Meier survival analysis of histological transformation in indolent lymphoma. FDG uptake less or equal
than liver versus FDG uptake more than liver. Transformation free survival was 100% over 30 months in those with FDG
uptake lower than or equal to liver. More FDG uptake than liver showed transformation free survival of 88% over 30 months.

P =0.053.

the incidence of progression. We found no difference in
the curves (p-value 0.945).

3.4. Identification of Suspicious Foci

We looked at each FDG-PET/CT scan of patients who
underwent histological transformation in more detail.
The localization where a histological transformation was
diagnosed was identified on the initial FDG-PET/CT.
Table 3 shows all SUVmax values of ROI in those with
histological transformation. The bold values are the ROI
where the histological transformation was subsequently
biopsied. This table shows that in 4 of 5 cases, the max-
imum SUVmax value on the initial FDG-PET/CT scan
was the location where the histological transformation
was subsequently biopsied. The only case where biopsy
was taken from the second highest SUVmax was a lym-
phoma with bulky mass. The highest SUVmax was also
measured in this bulky intra-abdominal mass. However,
this localization was difficult to biopsy because of sur-
rounding tissue.

3.5. Other Analyses

We studied the other known predictors of transformation
and progression. We analyzed laboratory values (LDH,
Hb, lymphocytes and monocytes) and staging parameters
(Ann Arbor, bone marrow invasion, extranodal involve-
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Table 3. Maximum standardized uptake value of region of
interest in cases of histological transformation. Each bold
SUVmax value is the localization where the histological
transformation occurred.

ROI Case 1 Case 2 Case 3 Case 4 Case 5
1 42(HT) 191(HT) 126(HT) 85 11.4 (HT)
2 2.1 6.3 8.2 8.3 (HT) 10.2
3 6.0 7.9 7.6 9.8
4 7.5 0.9 9.1
5 4.7 0.6 5.8
6 0.6 24

Abbreviations: ROI, region of interest; HT, histological transformation.

ment, bulky mass, and number of involved lymph node
areas). Univariate logistic regression showed a relation-
ship between histological transformation and LDH, odds
ratio 1.006 (95% CI 1.003 - 1.009) per unit LDH. A mul-
tivariate logistic regression showed that LDH is an inde-
pendent variable, odds ratio 1.010 per unit LDH (95% ClI
1.004 - 1.016). In our population the lowest value of
LDH was 128 IU/L, the highest LDH value was 995
IU/L, the highest LDH was the value from a patient who
underwent a transformation after 30 months. We also
performed a Kaplan-Meier survival analysis for in-
creased LDH (>450 IU/L) and histological transforma-
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tion. Patients with a normal LDH (<450 IU/L) showed no
histological transformation in 30 months. One third of
patients with an increased LDH showed transformation
in 30 months (Log rank p-value 0.124). The other va-
riables (laboratory values and staging parameters as de-
scribed above) did not show any relationship.

3.6. SUVmax by Histological Subtype

The different SUVmax varied by histological subtype are
shown in Figure 2. Follicular lymphoma, the largest
group, showed a wide range, and so did MALT-lym-
phoma. Other groups showed a smaller range. When we
compared transformed lymphoma by histological subtype
(Figure 2: lines 17, 97, 475, 658 and 743) versus non-
transformed lymphoma, we observed that SUVmax was
at the high end of the spectrum for all transformed lym-
phomas.

4. Discussion

We observed a statistically significant association be-
tween SUVmax and histological transformation. Patients
who had more FDG uptake in the ROI than the liver were
at risk of histological transformation at the site of the
highest SUV. In patients who had FDG-uptake less than
or equal. The group with less or equal FDG uptake than
liver has a small risk of transformation. This information
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provides important insight in the prognosis for patients
with indolent lymphoma. Patients with high initial FDG
uptake are at risk for transformation and negative out-
come.

Visual assessment is influenced by the background of
the ROI, this makes assessment less reliable. The advan-
tage of visual assessment is that, as FDG uptake is com-
pared with FDG uptake in the liver, this corrects the
reading for background uptake.

The group with more FDG uptake in the lymph nodes
than in the liver is interesting because these patients may
be at risk for histological transformation. When further
distinction can be made in degree of FDG uptake we
might find that there is a smaller group at risk for histo-
logical transformation. For example, by comparing the
ROI with the cerebellum, which has also a relatively
constant glucose metabolism and which has a higher
FDG uptake than the liver [25,26], we might be able to
identify the areas and thus persons with the highest risk
of transformation.

The SUVmax in different types of NHL can vary. In
three retrospective studies (Karam [27], Schoder [17] and
Papajik [28]), including 131 patients, the relation be-
tween the mean SUVmax by histological subtype was
determined. The results of these studies are shown in
Table 4. We calculated a weighted average from these
studies for the comparison with our results. In our study
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5.0 17 D B
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Figure 2. Box-plot of SUVmax value per histological subtype of non-transformed indolent lymphoma. Transformed indolent
lymphomas were patient 17, 97, 475, 658 and 743. Outlier and extremes were patient 16, 81 and 83. Values were compared
with transformed indolent lymphoma per histological subtype. Transformed lymphomas were at the high end of the spec-

trum per histological subtype.

OPEN ACCESS

AMI



P.E.BLASE ET AL. 7

Table 4. Maximum standardized uptake values by histological subtype.

Karam et al. [27]

Schoder et al. [17]

Papajik et al. [28] Current study

Mean No. of Mean No. of

SUVmax  patients SD SUVmax

Lymphoma

patients

Mean No. of
SUVmax  patients

Mean No. of

SD SUVmax  patients

Range

Follicular grade I-11 7.7 30 4.6 7.4 15

CLL/small 25 15 07 64 1
lymphocytic
Lymphoplasmacytic 7.4 1

Nodal marginal
zone

3.7 16 1.4 8.8 4

34 11.0 22 5.2-43.2 8.9 40 3.9

3.7 7 21-56 3.2 17 2.7
3.3 6 2.2

4.9 4.9 11 2.0-125 4.7 7 2.5

we observed a variation per histological subtype in mean
SUVmax (Figure 3), there were 3 exceptions observed.
Patient number 16 had CLL/SLL and did not have pa-
thological lymphomas, however she had sharp bone
marrow invasion in the axial skeleton. Patients number
81 and 83 were two patients with MALT lymphoma. In
the literature there is also a wide range of SUVmax val-
ues in MALT lymphoma, ranging from 1.4 to 26.0 [29,
30]. Follicular lymphoma grade I-Il in our study also
showed a wide range. This wide range has been reported
before and is associated with combining the histological
grade I and Il [31]. We compared our results with the
results of Schoder [17], Karam [27] and Papajik [28],
shown in Table 4. The mean data show similarity in fol-
licular lymphoma and CLL/SLL. The mean value in
marginal zone lymphoma looks similar; however we see
wide variation between the separate mean SUVmax val-
ues. Because the distribution of SUVmax values is
skewed, the use of mean values is inappropriate. These
data could thus only give a slight hint of interpretation of
data in future research as a baseline score.

We compared transformed indolent lymphoma versus
non-transformed indolent lymphoma by histological
subtype. Patients who later developed transformations
had SUV values that were among the highest for the his-
tological subtype. The definition of increased FDG up-
take might be different for the various histological sub-
types. However, we do not now have enough cases to be
able to substantiate this. A larger patient population is
necessary to determine cut off values for SUVmax to
identify patients at increased risk of histological trans-
formation by histological subtype. In four of our 5 cases
of histological transformation the localization of histo-
logical transformation was identifiable on the diagnostic
scan as the area with the highest SUVmax. The fifth had
a slightly higher uptake in a less accessible location. We
do not know for sure whether transformation had oc-
curred in that area as well.

Searches of available literature revealed that there
were no studies that focused primarily on FDG uptake as
a risk predictor for histological transformation. Some
studies which focused on indolent lymphoma and histo-
logical transformation reported cases where FDG uptake
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Figure 3. A patient with histolpathological diagnosis
Chronic lymphocytic leukemia (CLL/SSL). (a) Axillary
lymphoma SUVmax = 4.2 (baseline SUVmax for CLL/SLL
= 3.0). She was treated with 6x fludarabine/cyclophospha-
mide. (b) After 25 months patient presented with weight
loss, progressive lymphadenopathy and splenomegaly. His-
topathological diagnosis of axillary biopsy showed histolog-
ical transformation to diffuse large B-cell lymphoma. FDG-
PET/CT were performed and showed extended lymphade-
nopathy and bone marrow invasion. Axillary lymphoma
showed SUVmax = 10.1. She was treated with R-DHAP and
prepared for autologous stem cell transplantation.
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was reviewed semiquantitatively [10,19]. However they
did not present baseline scans in relation to time to his-
tological transformation.

A retrospective study by Noy et al. examined SUV-
max values in transformed indolent lymphomas [10].
Forty patients were included. The SUVmax values
ranged from 3 to 38, mean 15. In this study, FDG-PET
scans at time of diagnosis of indolent lymphoma were
available for 12 patients. SUVmax was calculated for the
area where biopsy of indolent lymphoma was performed
later. Highest SUVmax elsewhere on the scan were rec-
orded in case the indolent lymphoma had already been
biopsied (n = 4). The SUVmax at diagnosis was not cal-
culated for the localization of histological transformation.
In all patients they observed, the SUVmax increased
from indolent lymphoma to histological transformed
lymphoma. In 8 of 12 patients, the SUVmax increased by
more than 50%. Mean SUVmax of patients with follicu-
lar lymphoma (n = 6), at time of diagnosis of indolent
lymphoma was 10.8 (range 3.0 - 16.1). In marginal zone
lymphoma (n = 4) it was 5.9 (range 3.8 - 6.3). In one
CLL/SLL patient SUVmax was 5.5. Compared to mean
baseline SUVmax in non-transformed patients from the
study by Karam, Schoder, and Papajik, the mean value of
the follicular lymphomas that would later transform was
2.1 points higher than the value in non-transformed fol-
licular lymphomas. However, two patients with a histo-
logical transformation did not have a higher SUVmax
value than patients with no histological transformation.
In the study of Noy et al. all indolent lymphomas which
later transformed were at the high end of the spectrum for
their histological subtype. However, again overlap with
non-transformed lymphoma was always present [10].

A retrospective study of Karam et al. examined SUV-
max values before and after histological transformation
[19]. They analyzed 29 patients with histological trans-
formation, and 41 patients with an indolent lymphoma.
the indolent lymphomas were of the following types:
follicular lymphoma (n = 25), CLL/SLL (n = 8), and
marginal zone lymphoma (n = 8). Among those with
histological transformation, 12 patients had FDG-PET/
CT before and after histological transformation. Of these,
7 had a follicular lymphoma, 3 had a CLL/SLL, and two
had marginal zone lymphoma. SUVmax was calculated
at the location of diagnostic biopsy in both indolent
lymphoma and histological transformation. Before histo-
logical transformation mean SUVmax was 7.3 (SD 4.4).
Between transformed en non-transformed indolent lym-
phoma was an overlap in SUVmax value. Time between
both diagnoses was not reported. Data were only reported
in values by group and not by histological subtype or
independently. There was also a large overlap in standard
deviation [19].

Our study has some limitations. Firstly, we took the
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highest SUV value for each patient on the diagnostic
scan. If the SUV value would be determined only in the
localization of the diagnostic biopsy, it would probably
be lower. Furthermore, sometimes the involved lymph
node is removed completely, leaving no more SUV to
assess.

Secondly, the number of cases of histological trans-
formation was low in this study. A larger study may pro-
vide more power to confirm or disprove our hypothesis
that SUV-max at original staging may predict histologi-
cal transformation in patients with indolent lymphoma.
Available literature has not previously addressed this
relation.

5. Conclusion

Our objective was to predict histological transformation
from the degree of FDG uptake on the staging FDG-PET/
CT scan on the hypothesis that glucose uptake might be a
marker for activity of the tumor.

The semiquantitative analysis showed a relation be-
tween the SUVmax and the occurrence of histological
transformation. In qualitative analysis we found that his-
tological transformation only took place in indolent
lymphoma that had a higher FDG uptake than liver. So,
staging FDG-PET/CT may be useful to predict the oc-
currence of histological transformation.
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