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Objective: Retrospectively comparing "*F-FDG PET/CT and CT findings at the same anatomic locations in patients with

lymphoma by using a combined PET/CT scanner and to analyze the lesions on both metabolic and anatomic bases to

evaluate their sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy. We
analyzed all studies, all patients, common cell type in this study such as diffuse large B cell lymphoma (DLBCL) and
Hodgkin s lymphoma and indication of the study such as restaging for recurrence post-therapy and evaluate residual disease
within two months after chemotherapy.

Material and Method: Sixty-seven lymphoma patients were studied PET/CT between January 2007 and December 2012
in Siriraj Hospital. We excluded six patients due to no medial report in our hospital. Sixty-one patients (29 male, 32 female,

mean age 46.6+17.7 years, range 8-75) with NHL and with HL) were analyzed for the result of dual-modality PET/CT. They
underwent 77 *F-FDG PET/CT studies for restaging, for recurrence post-therapy based on 41 studies and evaluation of
residual disease within two months after chemotherapy in 36 studies.

Results: The statistical parameters of *F-FDG PET/CT imaging of lymphoma patients after treatment show significantly
better specificity than CT and insignificant high accuracy for all studies, all patients, histology of DLBCL, indication of
evaluation of active lymphoma within two months after chemotherapy. The "*F-FDG PET/CT parameters of accuracy and
PPV are higher than CT without statistical significance. The "*F-FDG PET/CT is not significantly better than CT for histology
of Hodgkin's lymphoma and indication of restaging for recurrence post-therapy. Nevertheless, the *F-FDG PET/CT shows
slightly improved specificity, PPV, and accuracy than CT. The sensitivity of CT in this study is high and may be from most
of our cases selected post-treatment lymphoma that had a residual mass after treatment. Therefore, the sensitivity of PET
scan is not significantly higher when compared with CT scan.

Conclusion: The PET/CT is better than CT for post-treatment lymphoma patient particularly for cell type of DLBCL and
indication for evaluation of active lymphoma within two months after chemotherapy.
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BF-FDG PET/CT is a functional imaging
modality. *F-FDG is a glucose analogue uptake is
directly proportional to the glucose metabolism of
tumor tissue. Malignant lymphoma with high glucose
metabolism show preferential uptake of FDG as
compared to surrounding normal cells. *F-FDG PET/
CT is used nowadays for initial staging, monitoring
the response to therapy and restaging after treatment
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of patients with Hodgkin’s lymphoma (HL) and
high-grade non-Hodgkin’s lymphoma (NHL).
Following therapy, a large number of
patients were left with residual masses. These are
particularly frequent in patients with initial mediastinal
disease, since PET assesses metabolic activity in
active lymphoma. PET has a much greater specificity
than CT in this setting. PET appears to be helpful in
identifying the presence of residual disease. Therefore,
it may allow either directed biopsies to be performed
or consolidation treatment with chemotherapy and/or
irradiation. 'F-FDG PET/CT has been introduce into
the evaluation of patient with lymphoma, although
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some papers from many countries have demonstrated
that ®F-FDG PET/CT has greater sensitivity and
specificity than CT concerning the indication of initial
staging, restaging for recurrence post-therapy, and
evaluated residual disease after chemotherapy!-.
Due to the high cost of a ®*F-FDG PET/CT study and
not being reimbursable by the Thailand government,
this study was desirable for the advantage of *F-FDG
PET/CT over CT in the sense of indication and cell
types in order to select appropriate patients for the
highest utility.

The purpose of the present study was to
compare *F-FDG PET/CT and CT findings at the same
anatomic locations in patients with lymphoma by using
a combined PET/CT scanner to analyze the lesions on
both metabolic and anatomic bases and evaluate the
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy. The
authors analyzed all studies, all patients, common
cell types in this study such as diffuse large B cell
lymphoma (DLBCL) and Hodgkin’s lymphoma and
indication of the study such as restaging for recurrence
post-therapy and evaluated residual disease within
two months after chemotherapy.

Material and Method

The retrospective data of 67 lymphoma
patients were studied PET/CT between January 2007
and December 2010 in Siriraj Hospital. We excluded
six patients due to no medical report in our hospital.
Sixty-one patients were analyzed. Dual-modality
PET/CT was performed on a Discovery STE 16
(General Electric Medical Systems, Milwaukee, WI,
USA). PET imaging was conducted one hour after the
administration of 10 to 13 mCi (5 minute/bed position
from base of skull to upper thigh). The non-contrast or
contrast CT images were used for PET attenuation
correction and anatomical information correlation.
All patient blood/sugar was below 200 mg%.

Data analysis

The result of CT positive is the abnormal
mass or enlargement of lymph node review by
diagnosis radiologist. The PET positive lesion is avid
of glucose tracer higher than background or normal
organ activity. Retrospective review of PET and CT
finding were compared with the gold standard. The
gold standard results defined as a clinical follow-up
for at least 12 months. The gold standard negative was
defined as non-active or mass enlargement or new
lesions or clinically uncompleted remission in the
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follow-up for at least 12 months without any treatment
performed in 44 studies. Two studies of gold standard
negative are the diagnosis of tuberculosis (TB) by
tissue biopsy. The gold standard positive was defined
as tumor progression by anatomical imaging in eight
studies and clinician decision to treat active lymphoma
in 30 studies with 26 studies responsive to treatment
and four studies showing progression to a new,
metastasized lesion.

Statistical analysis, sensitivity, specificity,
accuracy, PPV, and NPV with 95% CI of the PET/CT
and CT findings were calculated from the comparison
data with gold standard. The calculation was categorized
by patient, by study, by indication (restaging for
recurrence post-therapy and evaluated residual disease
within 2 months after chemotherapy), and Histology
(Hodgkin’s lymphoma, non-Hodgkin’s lymphoma-
DLBCL).

Statistical analysis

Statistical parameters of sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative
predictive value (NPV) were obtained in all studies,
all patients, subgroups of common histology (DLBCL
and Hodgkin’s lymphoma), subgroups of indication
(restaging for recurrence post-therapy and evaluated
residual disease within 2 months after chemotherapy).
For the initial staging, we used descriptive analysis
due to the limit in the number of patients. Finally,
the authors calculated the significant advantage of
the study by McNemar test. A p-value of less than 0.05
was considered to indicate a significant difference.

Ethics considerations

The study was under approval from Siriraj
Institutional Review Board, Faculty of Medicine,
Siriraj Hospital, Mahidol University.

Results

Sixty-one patients (29 male, 32 female, mean
age 46.6+17.7 years, range 8-75) with NHL and with
HL, who underwent 77 '*F-FDG PET/CT studies were
analyzed for restaging in 41 studies of recurrence
post-therapy and evaluated for residual disease within
two months after chemotherapy in 36 studies.

The statistical parameters of F-FDG
PET/CT imaging of lymphoma patients after
treatment are presented in the Table 1-6.

The sensitivity of CT in this study is high.
This may be because most of the cases were selected
post-treatment lymphoma that had a residual mass
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Table 1. Comparison statistical parameters of CT and PET/CT studies for all studies (74 studies)

Parameter CT PET/CT p-value*
Sensitivity 29/31 =93.5% (82.7%, 98.5%) 27/31=287.1% (75.9%, 95.8%) 0.500
Specificity 22/46 = 47.8% (34.1%, 61.9%) 32/46 = 69.6% (55.2%, 80.9%) 0.006
PPV 29/53 =54.7% (47.4%, 71.4%) 27/41 = 65.9% (56.8%, 81.8%) -
NPV 22/24 =91.7% (74.2%, 97.7%) 32/36 = 88.9% (74.7%, 95.6%) -
Accuracy 51/77 = 66.2% (58.5%, 77.9%) 59/77 =176.6% (68.7%, 86.0%) 0.057

# McNemar test

The "F-FDG PET/CT is statistical better specificity than CT for all studies. The accuracy of '*F-FDG PET/CT is slightly
improve as compare with CT result but it is not statistical significant.
PPV = positive predictive value; NPV = negative predictive value

Table 2. Comparison statistical parameters of CT and PET/CT studies for all patients (61 patients)

Parameter CT PET/CT p-value*
Sensitivity 31/32 =96.9% (84.3%, 99.4%) 29/32 =90.6% (75.8%, 96.8%) 0.500
Specificity 13/29 = 44.8% (28.4%, 62.5%) 22/29 = 75.9% (57.9%, 87.8%) 0.004
PPV 31/47 = 66.0% (51.7%, 77.8%) 29/36 = 80.6% (65.0%, 90.2%) -
NPV 13/14 =92.9% (68.5%, 98.7%) 22/25 = 88.0% (70.0%, 95.8%) -
Accuracy 44/61 = 72.1% (59.8%, 81.8%) 51/61 = 83.6% (72.4%, 90.8%) 0.065

#McNemar test
The 'F-FDG PET/CT is statistical better specificity than CT for all patients. The accuracy of *F-FDG PET/CT is slightly
improve as compare with CT result but it is not statistical significant.

Table 3. Comparison statistical parameters of CT and PET/CT studies for the patient with DLBCL (42 studies)

Parameter CT PET/CT p-value®
Sensitivity 17/18 = 94.4% (74.2%, 99.0%) 16/18 = 88.9% (67.2%, 96.9%) 1.000
Specificity 11/24 = 45.8% (27.9%, 64.9%) 18/24 = 75.0% (55.1%, 88.0%) 0.039
PPV 17/30 = 56.7% (39.2%, 72.6%) 16/22 =72.7% (51.8%, 86.8%) -
NPV 11/12 =91.7% (64.6%, 98.5%) 18/20 =90.0% (69.9%,97.2% ) -
Accuracy 28/42 = 66.7% (51.6%, 79.0%) 34/42 = 80.9% (66.7%, 90.0%) 0.109

# McNemar test

The '8F-FDG PET/CT is statistical better specificity than CT for DLBCL patients.
DLBCL = diffuse large B cell lymphoma

Table 4. Comparison statistical parameters of CT and PET/CT studies for the patient with Hodgkin’s lymphoma (16 studies)

Parameter CT PET/CT p-value*
Sensitivity 6/6 =100.0% (61.0%, 100.0%) 5/6 = 83.3% (43.6%, 97.0%) 1.000
Specificity 5/10 = 50.0% (23.7%, 76.3%) 7/10 =70.0% (39.7%, 89.2%) 0.500
PPV 6/11 = 54.5% (28.0%, 78.7%) 5/8 = 62.5% (30.6%, 86.3%) -
NPV 5/5=100.0% (56.6%, 100.0%) 7/8 = 87.5% (52.9%, 97.8%) -
Accuracy 11/16 = 68.8% (44.4%, 85.8%) 12/16 = 75.0% (50.5%, 89.8%) 1.000

#*McNemar test

The '8F-FDG PET/CT is not significant better than CT for histology of Hodgkin’s lymphoma in all parameter
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Table 5. Comparison statistical parameters of CT and PET/CT studies for the indication of restaging for recurrence

post-therapy (41 studies)

Parameter CT PET/CT p-value®
Sensitivity 13/15 =86.7% (62.1%, 96.3%) 13/15 =86.7% (62.1%, 96.3%) 1.000
Specificity 14/26 = 53.8% (35.5%, 71.2%) 18/26 = 69.2% (50.0%, 83.5%) 0.219
PPV 13/25 =52.0% (33.5%, 70.0%) 13/21 =61.9% (40.9%, 79.2%) -
NPV 14/16 = 87.5% (64.0%, 96.5%) 18/20 =90.0% (69.9%, 97.2%) -
Accuracy 27/41 = 65.8% (50.6%, 78.4%) 31/41 =75.6% (60.7%, 86.2%) 0.219

# McNemar test

The '8F-FDG PET/CT is not significant better than CT indication of restaging for recurrence post-therapy in all parameter

Table 6. Comparison statistical parameters of CT and PET/CT studies for the indication of evaluation active lymphoma

within 2 months after chemotherapy (36 studies)

Parameter CT PET/CT p-value*
Sensitivity 18/18 = 100.0% (82.4%, 100.0%) 16/18 = 88.9% (67.2%, 96.9%) 0.500
Specificity 8/18 = 44.4% (24.6%, 66.3%) 14/18 = 77.8% (54.8%, 91.0%) 0.031
PPV 18/28 = 64.3% (45.8%, 79.3%) 16/20 = 80.0% (58.4%, 91.9%) -
NPV 8/8 =100.0% (67.6%, 100.0%) 14/16 = 87.5% (64.0%, 96.5%) -
Accuracy 26/36 =72.2% (56.0%, 84.2%) 30/36 = 83.3% (68.1%, 92.1%) 0.289

# McNemar test

The "F-FDG PET/CT is statistical better specificity than CT for indication of evaluation active lymphoma within 2 months

after chemotherapy.

after treatment. Therefore, the sensitivity of PET scan
is not significant high compared with CT scan.

Discussion

Several reports have demonstrated *F-FDG
PET/CT imaging shows significantly accurate
staging and the ability to upstage disease. FDG-PET
results in a modification of disease stage (usually
upstaging) in about 15 to 20% of patients with an
impact on management in about 5 to 15%®. In this
study, the *F-FDG PET/CT imaging and CT imaging
have the same abnormal finding and same staging.
This indicates 'F-FDG PET/CT imaging does not
get more information than CT for initial study.
However, the limit of the study is the small number
of subjects.

The study by Yi J® retrospectively analyzed
42 patients with primary gastric lymphoma who
underwent PET/CT scans; 32 patients with DLBCL
and 10 patients with extranodal marginal zone B-cell
lymphoma of mucosa-associated lymphoid tissue
(MALT lymphoma). The result reveals nine patients
up-staged based on the results of their PET/CT scan
compared to CT (7 DLBCL, 2 MALT lymphomas)
while six patients down-staged by the PET/CT scan.
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The previous paper about PET/CT and
CECT studies for DLBCL 31 patients after therapy by
Chong E®. The calculated sensitivity by site of lesion
analysis of PET/CT and CECT (contrast enhance CT)
studies are 93% (51/55) and 78% (43/55), respectively.
PET/CT imaging is superior to CECT and PET/CT can
replace CECT in diffuse large B-cell lymphoma. This
study shows the result that PET/CT better than CT
in specificity with statistic significant. However, the
sensitivity for CT of this study is high due to selection
of patients with mass on CT after treatment.

The systematic review of PET of HL after
completed therapy by Jerusalem G© with adaptation
by author is present in Table 7.

Staging of patients with recurrent lymphoma
has a great clinical impact on the choice of treatment
regimen and survival. The early detection and early
treatment make a good prognostic, with the hope of
prolonged survival and potential cure.

The previous studies of ®F-FDG PET/CT
for the indication of restaging for recurrence post-
therapy and the comparison with this study for statistic
parameters are present in the Table 8.

The present study shows that PET/CT scan
for the indication of restaging improve specificity as
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Table 7. Systematic review of PET of HL after completed therapy by Jerusalem G© with adapt by author

Study F/U (month) Sen (%) Spec (%) PPV (%) NPV (%) Accuracy (%)
de Wit? 26 100 (10/10) 78 (18/23) 67 (10/15) 100 (18/18) 85(28/33)
Dittmann® 6 87 (7/8) 94 (17/18) 87 (7/8) 94 (17/18) 92 (24/26)
Spaepen® 32 50 (5/10) 100 (50/50) 100 (5/5) 91 (50/55) 92 (55/60)
Weihrauch? 28 67 (6/9) 80 (16/20) 60 (6/10) 84 (16/19) 76 (22/29)
Guay!" 16 79 (11/14) 97 (33/34) 92 (11/12) 92 (33/36) 92 (44/48)
Friedberg!? 24 80 (4/5) 85 (23/27) 50 (4/8) 96 (23/24) 84 (27/32)

F/U = median follow-up; Sen = sensitivity; Spec = specificity; PPV = positive predictive value; NPV = negative predictive

value; HL = Hodgkin’s lymphoma

Table 8. Statistic parameters of '®F-FDG PET/CT for the indication of restaging for recurrence post-therapy and the

comparison with this study

Imaging modality

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Freudenberg LS 27 HL and NHL patients

CT 78.0

PET/CT 93.0
Filmont JEU!® 32 HL patients

CT -

PET -
Reinhardt MJ? 40 HL and 61 NHL patients

CT 17.9

PET 71.4
Mikosch P(® 44 HL and 49 NHL patients

CT 88.0

PET 91.0
Cerci JJ! 130 HL patients

CT 87.0

PET 100.0
This study

CT 86.7

PET/CT 86.7

54.0 65.0 70.0 67.0
100.0 100.0 93.0 96.0
- 50.0 100.0 66.0

- 79.0 86.0 91.0
100.0 100.0 76.0 77.2
94.5 83.3 9.6 88.1
35.0 - - 56.0
81.0 - - 85.0
73.6 51.9 94.5 77.5
92.0 923 100.0 95.9
53.8 52.0 87.5 65.8
69.2 61.9 90.0 75.6

HL = Hodgkin’s lymphoma; NHL = non-Hodgkin’s lymphoma

compare to CT study like other studies, except
Reinhardt MJ study. For sensitivity, this study reveals
PET/CT and CT had the same value. It seems the
PET/CT slightly improved PPV, NPV and accuracy
but not statistical significant. The result from Cerci
JJ09 suggests ¥F-FDG-PET is highly cost effective
and would reduce costs for the public health care
program in Brazil.

Residual masses detected after completion
of therapy for aggressive lymphomas. They are quite
common, especially in patients with a large tumor
burden in the mediastinum and abdomen.

A major diagnostic challenge is posed by
post-therapeutic non-viable residual masses, which

J Med Assoc Thai Vol. 97 No. 1 2014

can be demonstrated by radiological imaging up to
residual thoracic masses. They are present in about
one-third of patients after treatment for NHL or HD®?,

The goal of imaging technique at the end of
first line treatment is an accurate assessment of
treatment response and can predict disease relapse.
The result permits quick initiation of a second line
therapy for in-patient suffering from progressive
disease or unresponsive to treatment, and to avoid
over-treatment of patients in complete remission or
those having a non-active residual disease. The
previous studies®?) showed that PET has a higher
specificity than CT in predicting relapses like the
present study.
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Fig. 1-2 A 29-year-old man diagnosis of DLBCL after R-CHOP reveals anterior mediastinal mass with calcification
(true positive) the PET scan in Fig. 1 reveals hypermetabolic active lymphoma at anterior mediastinum then the
patient was treatment with radiotherapy, rituximab and cyclophosphamide. After treatment, the patient received
follow-up PET/CT in Fig. 2. The CT show insignificant change in size (false positive) but this mass PET show
no glucose avidity (true negative), compatible with completed response to treatment. The follow-up at least
29 months without any treatment find the patient in complete remission.

"ipED

A 14-year-old boy diagnosis of HL stage IIb post chemotherapy, BMT and pulmonary TB post completed treatment.

The PET/CT reveals matted lymphadenopathy at paratrachal and prevascular with inhomogeneous moderate
increased glucose activity (both CT and PET scan are false positive). The tissue biopsy at lymph node is compatible

with TB.

The study by Rigacci L®» shows the
superiority of PET compared with conventional
imaging methods in 28 patients following the end of
their treatment with median follow-up period of
45 months. Fifteen patients out of the 28 (54%) had
positive CT scans while 13 (46%) had negative ones.
Eleven patients out of the 15 CT positive (73%) had
negative PET scans and no relapse. The remaining
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four patients (27%) had positive PET scans with only
one relapse (25%). With respect to the 13 patients who
had negative CT scans, nine patients (69%) had
negative PET scans and no relapse. The remaining
four patients (31%) had positive PET scans with
three relapse cases (75%). Overall sensitivity of the
CT and the PET were 25 and 100%, respectively,
specificity 42 and 83%, respectively, positive predictive
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value (PPV) 7 and 50%, respectively, negative
predictive value (NPV) 77 and 100%, respectively, and
accuracy 39 and 86%, respectively. FDG-PET results
are predictors of prognosis giving 100% disease-free
survival in PET negative patients and 54% disease-free
survival in PET positive patients.

The superior specificity of PET/CT
compared with conventional imaging methods in the
present study reflects the ability of PET/CT to detect
active disease in abnormal residual masses on CT
post-treatment. These results suggest that PET/CT
may be a useful test for baseline evaluation after
first-line therapy and can help identify patients with
active residual disease in whom further therapy may
be needed. The sensitivity of PET/CT is lower than
CT may be due to reduced metabolic activity after
chemotherapy as shown in Fig. 5. The appropriate
time for PET/CT to detect active disease after finish
chemotherapy to evaluate treatment response could be
six to eight weeks after treatment to reduce effect of
chemotherapy inhibit FDG uptake.

The prospective study by Talavera Rubio
MP® 94 studies belonging to 78 patients, 47 men
and 31 women with a mean age of 49.9 years
(range: 17-83), were analyzed. Thirty-six patients
were diagnosed with Hodgkin’s lymphoma and 42 of
non-Hodgkin’s lymphoma (NHL). Of these, 27 were
high grade and 15 low grade. The reason for the
request was staging (8), evaluation of response at the
end of the chemotherapy treatment (29), suspicion of
recurrence (9) and control of remission (48). The
results are presented in the Table 9.

According to Talavera Rubio MP® study,
initial staging discovery slightly improves diagnosis
with PET/CT. As to indications of possible recurrence,

Fig.5 A 28-year-old woman known case of HL post
chemotherapy and relapse at anterior mediastinum
mass start salvage chemotherapy 3 courses one
month after salvage chemotherapy the PET/CT
scan reveals no uptake in anterior mediastinum
mass ( CT is true positive, PET is false negative).
The follow-up CT at 6 months lateral show
increased in size of anterior mediastinum mass.
The false negative of PET may be from recent
chemotherapy. The effect of chemotherapy can
inhibit uptake of glucose metabolism of tumor
mass.

PET/CT is no better than CT; however, this study
demonstrates that the result of PET/CT is slightly
better for specificity, PPV and NPV than CT, but it is
not statistical significant. The Talavera Rubio MP@®
study shows PET/CT for evaluation of response at
the end of the chemotherapy treatment detect PPV is

Table 9. Statistic parameters of PET/CT and CECT in all of the patients and in each group indication analyzed by Talavera

Rubio MP study comparison with this study

Parameter Staging (%) Suspicion of Evaluation of Control of Total (%)
recurrence (%) response (%) remission (%)
PET/CT CT PET/CT CT PET/CT CT PET/CT CT PET/CT CT
Talavera Rubio MP study
Sensitivity 959 938 80.7 925 95.5 94.8 100.0 93.0 100.0 94.0
Specificity 100.0 98.8 94.6 964 98.5 94.6 99.0 98.5 98.0 97.0
PPV 100.0 95.8 63.6 757 79.6 474 45.8 333 77.0 62.0
NPV 98.8 98.2 97.7  99.0 99.7 99.7 100.0  100.0 99.0 99.0
This study
Sensitivity - - 86.7  86.7 88.9 100.0 - - 90.6 96.9
Specificity - - 69.2 538 77.8 444 - - 759 448
PPV - - 61.9 52,0 80.0 64.3 - - 80.6 66.0
NPV - - 90.0 875 87.5 100.0 - - 88.0 929
J Med Assoc Thai Vol. 97 No. 1 2014 91



significantly better than CT identical to this study,
but this study shows improved specificity too. For the
total of all studies, the PET/CT indicates improved
sensitivity and PPV by the Talavera Rubio MP®»
study. In this study, the PET/CT exhibits significantly
improved specificity, PPV and accuracy.

According to the PET/CT study for
lymphoma, patients cannot be reimbursed in
Thailand. The information from the present study
reveals the PET/CT study is valuable for an indication
of restaging, especially in the case of DLBCL and the
indication for treatment response within two months
after completion of chemotherapy. For increased
specificity and accuracy, this helps decrease futile
chemotherapy and reduce the cost of treatment.
Reimbursement should be considered for these
indications.

Conclusion

The PET/CT is better than CT for post-
treatment, lymphoma patient, particularly for cell type
of DLBCL, and indication for evaluation of active
lymphoma within two months after chemotherapy.
The specificity shows statistically significant
improvement for PET/CT as compared with CT.
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