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Multicenter Comparison of Contrast-Enhanced FDG PET/CT and
64-Slice Multi-Detector-Row CT for Initial Staging and Response
Evaluation at the End of Treatment in Patients With Lymphoma
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Objectives: To compare staging correctness between contrast-enhanced
FDG PET/ceCT and 64-slice multi—detector-row CT (ceCT64) for initial
staging and response evaluation at the end of treatment (EOT) in patients
with Hodgkin lymphoma, diffuse large B cell lymphoma (DLBCL), and
follicular lymphoma.

Methods: This prospective study compared initial staging and response
evaluation at EOT. One hundred eighty-one patients were randomly assigned
to either ceCT64 or FDG PET/ceCT. A nuclear medicine physician and a
radiologist read FDG PET/ceCT scans independently and achieved post hoc
consensus, whereas another independent radiologist interpreted ceCT64 sep-
arately. The reference standard included all clinical information, all tests,
and follow-up. Ethics committees of the participating centers approved the
study, and all participants provided written consent.

Results: Ninety-one patients were randomized to ceCT64 and 90 to FDG
PET/ceCT; 72 had Hodgkin lymphoma, 72 had DLBCL, and 37 had follic-
ular lymphoma. There was excellent correlation between the reference stan-
dard and initial staging for both FDG PET/ceCT (k = 0.96) and ceCT64
(k = 0.84), although evaluation of the response at EOT was excellent only
for FDG PET/ceCT (k = 0.91).
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Conclusions: Our study demonstrated satisfactory agreement between FDG
PET/ceCT (k =0.96) and ceCT64 (k = 0.84) in initial staging compared with
the reference standard (P = 0.16). Response evaluation at EOT with FDG
PET/ceCT (i = 0.91) was superior compared with ceCT64 (x=0.307) (P <0.001).

Key Words: CT, FDG PET/CT, Hodgkin lymphoma, lymphoma,
non-Hodgkin lymphoma

(Clin Nucl Med 2017;42: 595-602)

H odgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL)
are malignant clonal neoplastic processes characterized by
the proliferation of cells originating from lymphoid tissues, lympho-
cytes, and their precursors and derivatives. They jointly comprise
5% to 6% of all malignant tumors and are the fifth leading cause
of cancer-related mortality in the United States.' The 2016 revision
of the classification of lymphomas by the World Health Organization
divides HL into two groups: nodular lymphocyte predominant
HL and classic HL with nodular sclerosis, lymphocyte-rich clas-
sic, mixed cellularity classic, and lymphocyte-depleted classic HL.
Non-Hodgkin lymphoma is divided into two categories: precursor
lymphoid neoplasms and mature cell neoplasms.>* The most
frequent subtypes of NHL are diffuse large B cell lymphoma
(DLBCL) and follicular lymphoma (FL) comprising 30% and
22%, respectively. Together, HL, DLBCL and FL constitute ap-
prox1mately 80% of adult lymphomas

"F_FDG PET demonstrates glucose metabolic dlfferences
that may occur before the appearance of structural changes.>® Hodgkin
lymphoma, DLBCL, and FL are FDG avid.”® FDG PET/CT modifies
lymphoma stage in between 14% and 59% of patients when compared
with CT or FDG PET without CT.'®'® There are few high-evidence-
level prospective studies validating the use of PET/CT in the treatment
of lymphoma. Moreover, PET/CT is relatively expensive and may
present pitfalls and artifacts.'” Although there are reports comparing
PET/CT to 4—detector-row CT'¢72° or CT without documentation of
detector number,'® there are no validation studies comparing PET/
ceCT with 64-detector ceCT for lymphoma staging.

Although there are histological and immunochemistry differ-
ences, pubhshed data suggest similar FDG uptake for HL, DLBCL,
and FL.” In a prospective study, we demonstrated FDG aV1d1ty in
more than 90% of patients with DLBCL and 80% with FL."

FDG PET/CT lymphoma staging and response assessment rec-
ommendations were presented at the fourth International Workshop on
PET in Lymphoma, and a working paper was presented at the 12th
International Congress of Malignant Lymphoma. The Lugano classifi-
cation includes FDG PET/CT for end-of-treatment (EOT) evaluation in
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HL and a consensus on the use of FDG PET/CT in staging and
monitoring response. 22

The aim of this prospective study was to determine the agree-
ment between FDG PET/ceCT and ceCT64 in the initial staging and
during EOT evaluation in patients with HL, DLBCL, and FL.
Therapeutic response was characterized based on FDG uptake
as complete response (CR), partial response (PR), or progressive
disease (PD). Outcomes were correlated with pretherapy and
posttherapy ceCT64 and FDG PET/ceCT.

MATERIALS AND METHODS
Study Design

This is a prospective, multicenter, randomized, comparative
study conducted at the Autonomous University of Madrid, University
Hospital La Princesa, University Hospital Clinico San Carlos,
University Hospital Fundacion Jiménez Diaz, University Hospital
La Paz, and San Pedro Hospital.

Patients

Between January 2012 and May 2015, a total of 181 consecu-
tive patients with biopsy-proven untreated lymphoma were included.
Patients were randomized either to ceCT64 or FDG PET/ceCT for
initial staging and response assessment at the EOT. The study was
approved by the ethics committee of each participating hospital
and conducted according to the Declarations of Helsinki and
Tokyo. Written informed consent was obtained from all partici-
pants. Participants were recruited from 5 hematology departments
in Spain. Each hospital evaluated clinical data and performed con-
firmatory biopsies, and the pathology department of each center
classified lymphoma subtypes based on the 2016 World Health
Organization classification.? All participating centers had similar
equipment.

Independent of the branch assigned, FDG PET/ceCT was
always performed at EOT?' for all patients with HL. Therefore,
patients with HL. were asked to sign informed consent spec1fymg
both tests would be done.

Inclusion criteria were as follows: (a) biopsy-pathology—
proven diagnosis of HL, DLBCL, or FL not treated previously for
lymphoma and without previous imaging tests for initial staging;
(b) signed informed consent; and (c) age older than 18 years.

Exclusion criteria were as follows: (@) renal failure with a cre-
atinine clearance below 30 mL/min; (b) human immunodeficiency
virus infection; (c) known inflammatory or granulomatous disease
(tuberculosis, sarcoidosis); (d) a life expectancy of less than 3 months
or poor general health (a Zubrod performance scale status >3); (e)
known allergies to CT contrast agents; (f') a positive pregnancy test;
and (g) suspicion or confirmation of alcohol or drug abuse.

Reference or Criterion Standard

As other authors have done previously, we defined
the reference or criterion standard from a combination of factors in-
cluding clinical history, physical examination, laboratory evaluation
including 32-microglobulin and lactate dehydrogenase, bone mar-
row biopsy, endoscopy for gastrointestinal symptoms, lumbar punc-
ture for central nervous system signs, and biopsies of other
suspicious areas. Based on all available information, each patient
was clinically staged based on the Ann Arbor staging system that in-
cluded modifications introduced in the 11™ International Confer-
ence on Malignant Lymphoma in Lugano in 2014.%!

8 FDG PET/ceCT

PET/ceCT studies were performed using 2 similar Siemens
Biograph PET/CT systems (Siemens, Erlangen, Germany). Of the

12,18,20,25

596 | www.nuclearmed.com

90 patients randomized to the PET/ceCT branch, 80 patients (80/
90 [89.5%]) were scanned in a PET/CT system with a 6-detector
row CT (Biograph 6 TruePoint; Siemens) with a theoretical 3D
PET spatial resolution of 3 to 4 mm. It includes 4 rows of detectors
with LSO crystals with topogram CT dose modulation. The remain-
ing 10 patients (10/90 [10.5%]) were scanned with a 16-detector-
row CT (Biograph 16; Siemens), with no differences in the other
technical factors. The FDG PET/ceCT procedure was similar for
all the patients in all centers.

Patient Preparation and Study Protocol

Participants avoided strenuous exercise for 24 hours and
fasted for 6 hours before FDG administration. Blood glucose level
was measured with an upper threshold of 200 mg/dL. '*F-FDG dos-
age was 5 MBg/kg using an automatic injector (Medrad Intego 200;
Bayer, Leverkusen, Germany). All patlents had an uptake period of
45'to 60 minutes in a quiet room. The '*F-FDG PET/ceCT proce-
dure was performed following the European Association of
Nuclear Medicine (EANM) guidelines,?%?7 administering 130 mL
of iodinated contrast with a delay of 45 seconds and a speed of
2.5 mL/s. An arterial-phase thoracic CT (110 kV and 60 mAs,
pitch of 1.2, and 2.5-mm thickness) was performed with deep in-
spiration, followed by whole-body portal-phase CT (110 kV and
95 mAs, 0.5 second tube rotation, pitch of 6, and a thickness of
5 mm) in a craniocaudal direction from the top of the skull to
thighs. PET was acquired from caudal to cranial with 3-minute
beds and 20% overrun. Iterative reconstruction was applied.

Interpretation and Image Analysis

Studies were analyzed by a nuclear medicine physician and a
radiologist, all with experience in the field using the same worksta-
tion (Syngo  software system; Siemens Medical Imaging). Both
readings were done independently with post hoc consensus. Discrep-
ancies were resolved by discussion. PET/ceCT was interpreted as
an integrated examination.

As previously described,?' ** semiquantitative '*F-FDG
uptake was compared between potential lesions and areas of physio-
logical uptake. Criteria for classifying imaging findings as positive or
negative were as follows:

1. Visual analysis: Pathological '®F- FDG uptake was considered
when there was increased regional '*F-FDG uptake where lym-
phoma was clinically suspected. If there were no increased up-
takes of '®F-FDG in any region where lymphoma was clinically
suspected, PET was categorized as negative for lymphoma.

2. Semiquantitative analysis: SUVmax was measured and com-
pared with the physiological uptake (measured as SUVmax)
in 2 regions: the mediastinal blood pool (MBP) and the liver.
A 5-point scale was applied, where 0 was the absence of path-
ological uptake, 1 when the SUVmax was lower than the MBP,
2 when the SUVmax was higher than the MBP but lower than
the liver, 3 when SUVmax was higher than the liver without
duplicating the SUVmax, and 4 when the SUVmax was more
than double the liver uptake.

In addition, to monitor the response to therapy, PERCIST
(version 1.0) criteria were applied following a prev10us work done
with PERCIST criteria lymphomas by Tadashi et al.”® These criteria
assess response to therapy as the percentage of change measured in
SULpeak in the most active lesion (target lesion) between the
pretherapy and posttherapy FDG PET/ceCT studies.

ceCT64 Interpretation and Image Analysis

Contrast-enhanced CTwas performed using GE and Slemens
64 slice multi-detector row scanners (ceCT64). Oral (750 cm® of
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Gastrografin) and intravenous iodinated contrast (2 mL/kg of iodin-
ated contrast administered at a rate of 3 mL/s) were administered.
Arterial-phase thoracic CT was performed in deep inspiration with
35-second delay (120 kVp, 370 mAs, pitch of 1.35, and single colli-
mation width 1.2 mm), followed by portal-phase abdominal CT
from the top of the liver to the thighs with 65- to 70-second delay
(120 kVp, 500 mAs, pitch of 1.35, single collimation width 1.2 mm).
Finally, scanning from the base of the skull to supraclavicular region
with 90 seconds of delay (120 kVp, 380 mAs, pitch of 0.9, single col-
limation width 0.6 mm) was performed.

Lymph nodes with a short-axis diameter of more than 10 mm
were considered positive, except for inguinal lymph nodes, which
were considered positive if more than 15 mm.® Extranodal disease
positivity was considered with increased organ size, abnormal con-
trast enhancement, soft tissue nodules or masses, and bone changes.
An independent radiologist with broad experience in CT interpreted
the ceCT64 examinations. A second radiologist performed consen-
sus reading. RECIST (Response Evaluation Criteria In Solid
Tumors) criteria one-dimensional measures were used to monitor
treatment results.”’ To apply RECIST criteria, target lesions were
defined at baseline and compared with follow-up.

Statistical Analysis

Qualitative variables were presented by frequency distribution,
and quantitative variables were presented as mean and standard devi-
ation (SD). A validity analysis was performed. Agreement between
each diagnostic technique with the criterion standard was also calcu-
lated (kappa coefficient [] and 95% confidence intervals [Cls]). All
statistical tests were considered bilateral, and significant results
were considered when P < 0.05 was achieved.

The statistical program used was IBM SPSS Statistics
version 22.00 (IBM, New York, NY).

RESULTS

Between January 2012 and May 2015, 181 patients were
enrolled and randomly assigned to either the FDG PET/ceCT group
(90 patients) or ceCT64 group (91 patients); there were 91 men and
90 women. Mean ages were 52 and 51 years, respectively, with a
period of patient inclusion of 2.5 years and a follow-up that was
prolonged until the EOT, death, or the end of the study with a mean
follow-up of 16 months.

Table 1 demonstrates that there were no clinical differences
between the 2 randomized groups. The flowchart for participant
selection is presented in Figure 1.

Table 2 summarizes comparative results for initial staging
and the final response to treatment for FDG PET/ceCT compared
with ceCT64.

Initial Staging With ceCT64

Sixty-four-slice multi—detector row CT was concordant with
the reference standard for staging in 90.2% of cases (82/91) with
Kk =0.84 (P <0.001), as presented in Table 2. Based on the reference
standard, the following stages were identified: stage I (n = 7), stage
II (n = 23), stage III (n = 17), and stage IV (n = 6). Stages I and III
were correctly evaluated, with sensitivity between 85% and 100%
and specificity between 92% and 100%, as presented in Table 2.
Two patients were overstaged: () one with lymphoma in the central
nervous system (stage IV) when he would have been considered
stage IE applying the Lugano classification and () a patient with
apparent bone disease on CT who was also considered stage IV, in
whom lymphomatous bone disease was later excluded by biopsy,
reducing her to stage Il DLBCL (Fig. 2). One patient presented
with neurological symptoms associated with leptomeningeal involve-
ment on MRI and with stage I disease only on CT. Six patients were

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 1. Characteristics of the Participants at Baseline

N PET/ceCT  ceCT64
Qualitative

Variables Categories n % n % P

Pathologic type DLBCL 32 444 40 56.6 0.71
FL 19 514 18 486
HL 31 43.1 41 569

IPI Low (IP1 0-1) 16 533 14 467 0.53
Intermediate (IP12) 22 68.8 10 312
High (IPT 23) 32 432 42 568

Sex Female 47 522 43 47.8 0.50
Male 43 473 48 527

B symptoms No 58 56.5 50 435 0.83
Yes 32 438 41 562

32-Microglobulin ~ High 24 51.1 23 489 0.83
Normal 66 493 68 50.7

Lactate High 36 522 33 536 0.60
dehydrogenase  Normal 54 482 58 518

Leucocytes No 82 494 84 506 0.77
15000 mm*  yes 8§ 533 7 467

Lymphocytes No 83 503 82 49.7 0.61
Yes 7 438 9 562

Lymphadenopathy No 57 57.0 43 430 030
Yes 33 40.7 48 593

Bulky 10 cm No 72 47.1 81 529 094
Yes 18 643 10 357

Extranodal No 53 473 59 527 041
involvement Yes 37 536 32 464

Hepatic No 82 500 82 50.0 0.80
inyolvement Yes 7 467 8 533

Splenic No 76 524 69 47.6 0.87
involvement Yes 11 355 20 645

Pleural infiltration =~ No 87 50.0 87 50.0 0.71
Yes 3 429 4 571

Lung infiltration No 77 484 82 51.6 0.58
Yes 11 550 9 450

Bone infiltration No 74 46.8 84 532 0.02
Yes 14 737 5 263

Skin infiltration No 89 49.7 90 50.3 0.31
Yes 1 100 0 0

Bone marrow No 73 50.0 73 50.0 0.87
infiltration Yes 16 485 17 515

Cerebrospinal fluid No 90 503 89 49.7 0.15
infiltration Yes 0 0 2 100

Nervous system No 90 503 89 49.7 0.15
infiltration Yes 0 0 2100

Gastrointestinal No 77 48.1 83 519 094
infiltration Yes 13 684 6 316

Genitourinary No 83 483 89 51.7 0.61
infiltration Yes 5 83 1 167

Other locations No 78 479 85 52.1 0.50
Yes 8 571 6 429

IPI indicates International Prognostic Index.

considered a stage III, although they were later confirmed as stage
IV because of positive extranodal involvement confirmed in the bone
marrow biopsy (5 with DLBCL, 1 with HL).

www.nuclearmed.com | 597


www.nuclearmed.com

Gomez Ledn et al Clinical Nuclear Medicine o Volume 42, Number 8, August 2017

Potentially eligible

participants
n =261 Excluded
n=283
- Logistic circumstances (n = 25)
{ - No informed consent (n = 22)

- Other reasons such as inclusion

n =181

Eligible participants

in a clinical trial (n = 35)

¥

ceCT64
n=91

FDG-PET/ceCT
n =90

A 4

Initial staging for
ceCT64
n=91

Staging correct n = 82/91 (90%)
Staging incorrect n = 9/91 (10%)

Staging correct n = 88/90 (98%)

Initial staging for
FDG PET/ceCT
n =88

Staging incorrect n = 2/90 (2%)

v

¥

Final staging for
ceCT64
n=91

Staging correct n = 71/91 (78%)
Staging incorrect n = 20/90 (22%)

Upstaged (n = 15)
Downstaged (n = 5)

Final staging for
FDG PET/ceCT
n =90

Staging correct n = 88/90 (98%)
Staging incorrect n = 2/90 (2%)

Upstaged (n = 0)
Downstaged (n = 2)

FIGURE 1. Flowchart for participant selection.

Initial Staging With FDG PET/ceCT

Contrast-enhanced FDG PET/CT was concordant with the
reference standard for staging in 97.8% of cases (88/90) with
Kk =0.96 (P <0.001), and sensitivity and specificity for each stage
were 98% to 100% and 98% to 100%, respectively, as presented
in Table 2. Two patients were erroneously staged. One was consid-
ered stage III but ultimately confirmed as stage IV because of bone
marrow infiltration, and another case was a bone lesion in the femur
that was categorized as stage [V being finally confirmed as stage II.
Interestingly, all of the 45 patients classified as stage IV had
extranodal or bone marrow involvement.

Comparison of the Initial Staging With Both Tests

There were no significant differences in the Kk index between
both tests (P = 0.16), and both were considered to be excellent.
Follow-up was done at EOT or death or withdrawal. The mean
follow-up time after treatment was 16.2 & 9.5 months with a median
follow-up of 14 months (range, 1-36 months).

All patients were evaluated at EOT with the same diagnostic
modality as in the initial staging, except for HL in which a PET/
ceCT was performed independently of the initial test, following
the current clinical guidelines.

598 | www.nuclearmed.com

Response at the EOT With ceCT

There was concordance with the reference standard in 78% of
cases (71/91). Most of the discordances were in patients with PR
(n = 13 [14.3%]), which were confirmed as CRs, and sensitivity
and specificity were low. The most frequent reason for the overesti-
mation of response was the detection of residual lymphadenopathy
of pathological size lacking malignant infiltration (n = 8). Regard-
ing the extranodal lesions, the most frequent reason for incorrectly
detecting lymphomatous infiltration in the lung was the detection
of nonspecific inflammation. One patient had lung infarction
diagnosed with CT angiography as a pulmonary embolism. Another
discrepancy was due to discovery of a tonsillar mass with cervical
lymphadenopathy initially interpreted as disease progression, fi-
nally determined to be a primary squamous carcinoma of the tonsil
with complete lymphoma remission. Figure 3 shows a patient stud-
ied with ceCT64 for initial staging and EOT evaluation.

Response at the EOT With FDG PET/ceCT

There was concordance with the reference standard in 97.8%
of'the cases (88/90) with k =0.91 (P < 0.001), corresponding with a
CR in 83.3% (n = 75), a PR in 44% (n = 4), and a PD in 10%
(n = 9), with good sensitivity and specificity for response assess-
ment as presented in Table 2. There were only 2 discordant findings

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Results for Initial Staging and Final Response With ceCT64 and FDG PET/ceCT Compared With the Reference Standard

Results for Initial Staging and Final Response With ceCT64 and FDG PET/ceCT Compared With the Reference Standard*

Results for Initial Staging With ceCT64 Compared With the Reference Standardf

Reference Standard (Real Stage), n (%)

Diagnostic Performance Se and Sp (95% CI)

Stage With ceCT64 Stage 1 Stage 11 Stage 111 Stage IV Total Se Sp

CT stage 1 7(7.7) 0 0 1(1.1) 8 (8.8) 87.5 (53-98) 99 (93-100)
CT stage 11 0 23 (25.3) 0 0 23 (25.3) 96 (80-99) 100 (95-100)
CT stage I11 0 0 17 (18.7) 6 (6.6) 23 (25.3) 100 (82-100) 92 (83-96)
CT stage IV 1(1.1) 1(1.1) 0 35(38.5) 37 (40.7) 85 (72-93) 96 (86-99)
Total 8 (8.8) 24 (26.4) 17 (18.7) 42 (46.2) 91 (100)

Results for Initial Staging With FDG PET/ceCT Compared With the Reference Standard

Reference Standard (Real Stage), n (%)

Diagnostic Performance Se and Sp (95% CI)

Stage With FDG PET/ceCT Stage 1 Stage 11 Stage I11 Stage IV Total Se Sp
PET/CT stage 1 6 (6.7) 0 0 0 6(6.7) 100 (61-100) 100 (96-100)
PET/CT stage 11 0 25 (27.8) 0 0 25 (27.8) 100 (87-100) 100 (95-100)
PET/CT stage 111 0 0 12 (13.3) 1(1.1) 13 (14.4) 100 (76-100) 99 (93-100)
PET/CT stage IV 0 1(1.1) 0 45 (50.0) 46 (51.1) 98 (89-100) 98 (88-100)
Total 6(6.7) 26 (28.9) 12 (13.3) 46 (51.1) 90 (100)

Results for Response Assessment With ceCT64 Compared With the Reference Standard§

Final Response to Treatment (Reference Standard), n (%)

Diagnostic Performance Se and Sp (95% CI)

Response Based on ceCT CR PR PD Total Se Sp
CR on ceCT 65(71.4) 444 1(L.1) 70 (76.9) 82 (72-89) 71 (47-87)
PR on ceCT 13 (14.3) 1(1.1) 0 14 (15.4) 17 (3-56) 35 (18-57)
PD on ceCT 1(1.1) 1(1.1) 5(5.5) 7(7.7) 83 (43-97) 98 (92-99)
Total 79 (86.8) 6 (6.6) 6 (6.6) 91 (100)

Results for Response Assessment With FDG PET/ceCT Compared With the Reference Standard||

Final Response to Treatment (Reference Standard), n (%)

Diagnostic performance Se and Sp (95% CI)

Response Based on PET/ceCT CR PR PD Total Se Sp

CR on PET/ceCT 75 (83.3) 2(22) 0 77 (85.6) 100 (95-100) 88 (66-97)
PR on PET/ceCT 0 4(44) 0 4 (4.4) 67 (30-90) 100 (96-100)
PD on PET/ceCT 0 0 9 (10.0) 9 (10.0) 100 (70-100) 100 (95-100)
Total 75 (83.3) 6(6.7) 9(10.0) 90 (100)

*Results presented for patients [n (% of the total)].

TAgreement of the test with the reference standard presented as k = 0.843 (P <0.001) (95% CI, 0.79-1.00). There were no differences in the k index between tests, ceCT64 and

FDG PET/ceCT, in the initial staging (P = 0.16).

tAgreement of the test with the reference standard presented as k = 0.965 (P < 0.001) (95% CI, 0.93-1.01). There were no differences in the k index between tests, ceCT and

FDG-PET/ceCT, in the initial staging (P = 0.16).
§Agreement of the test with the reference standard presented as k = 0.307 (P < 0.001) (95% CI, 0.08-0.52).

||Agreement of the test with the reference standard presented as k =0.91 (P <0.001) (95% CI, 0.81-1.03). The concordance was almost perfect between FDG PET/ceCT and the

reference standard in the response assessment.
Se indicates sensitivity; Sp, specificity.

in cases of partial clinical response that FDG PET/ceCT reported as
CR. One corresponded to a splenomegaly, and the other to bone
marrow infiltration as demonstrated by abnormal peripheral blood.
Figure 4 shows a patient studied with FDG PET/CT for initial stag-
ing and EOT evaluation.

All HL patients who had been assigned to the CT branch
(n = 37) were evaluated at the EOT with CT and also with FDG
PET/ceCT. The concordance was perfect; 34 (91.9%) reached a
CR, and 3 (8.1%) a PR.

Most of the patients in both localized stages and advanced
stages achieved CR. Fourteen patients showed progression of the
disease. One patient had appearance of a new tumor, and another
patient demonstrated PD in the orbit. Twelve patients died in

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

the period ranging from the inclusion in the study to the end
of the follow-up. The causes of withdrawal were progression in
9 patients, treatment toxicity in two, and sepsis in one patient.
All patients withdrawn from this study were older than 65 years
at the time of diagnosis.

DISCUSSION

In this study, we prospectively compared FDG PET/ceCT
and ceCT64 in the initial staging and response assessment at the
EOT in 181 patients with lymphoma. Our findings confirm that
both imaging tests provide accurate staging. It is important to note
that, similar to the findings of Fuertes et al,>® the percentage of
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FIGURE 2. A 48-year-old woman diagnosed with DLBCL in whom ceCT64 was false positive in the bone and therefore

was overstaged. Initial staging with ceCT64 showed a lymphadenopathy in the right hilum (A) and multiple bone lytic lesions
in the pelvis (B). At the EOT, ceCT64 demonstrated complete resolution of the lymphadenopathy in the right hilum (C) and
persistent multiple bone lytic lesions in the pelvis with no significant changes (D). Lymphomatous involvement of the bone was
suspected based on the ceCT64 images, but the biopsy was negative. The pathology study (E) revealed a fibrous lesion
composed of extracellular matrix and fibroblastic cells; no lymphoid cells were present (hematoxylin-eosin stain, original
magnification x200). Immunohistochemistry confirmed the absence of lymphoma cells. After lymphomatous bone disease
was later excluded by biopsy, the initial stage IV by ceCT64 due to bone disease was corrected to stage II.

correct staging reached 89.5% with CT and 97.8% with FDG
PET/ceCT. The difference between both tests was not significant,
but because of sample size limitations [(1 — 3) was 0.73], no firm
conclusion can be recommended regarding initial imaging for the
3 lymphoma types considered here. On the other hand, FDG PET/
ceCT was clearly superior to ceCT64 for EOT evaluation (P < 0.05),
with (1 — )= 0.85.

Sixty-four-slice multi-detector row CT correctly identified
all patients with stage III lymphoma. One patient classified as stage
IV because of suspected bone and bone marrow infiltration was
determined to be a false-positive finding, with no lymphomatous
infiltration. One patient with central nervous system involvement
was classified as stage IV, although it would now be classified as

Pre-treatment

stage IE, as at the time of participant recruitment the new Ann
Arbor (Lugano 2014) classification had not been published yet.*!
Six patients with confirmed stage IV were incorrectly downstaged.
Downstaging was most frequently due to insensitivity of CT for the
detection of bone marrow infiltration. Our CT results have im-
proved with respect to previous studies,'®'® although we confirm
what has been described in the literature regarding the limitations
of CT in the detection of bone marrow infiltration.

Prospective studies comparing PET/CT versus CT, including
the one published previously by our group that compared the diag-
nostic accuracy of 2 PET/CT options with both PET and CT in the
initial staging of HL and NHL,'” concurred with our results indicat-
ing the limitation of CT due to false-negative findings. However,

Post treatment

FIGURE 3. A 54-year-old man diagnosed with DLBCL stage IVB in October 2012. Initial staging (A) with ceCT64 demonstrated
supradiaphragmatic and infradiaphragmatic lymphadenopathies, splenic and hepatic infiltration, and an abdominal bulky
disease (9 cm). At the EOT in June 2013, ceCT64 demonstrated a CR (B). In April 2016, 34 months after the completion of

treatment, the patient remains with a CR.
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FIGURE 4. A 61-year-old man diagnosed with DLBCL in April 201 3. Initial staging with FDG PET/ceCT (A-C) evidenced stage IV
supradiaphragmatic and infradiaphragmatic lymphadenopathies, multiples organs with lymphomatous infiltration (gastric,
pancreatic, splenic, and renal), and multiple bone lesions, and soft tissue, intratracheal, muscular, and cutaneous infiltration, the
largest FDG accumulation being located in the right shoulder with an SUVmax of 23.7. At the EOT in November 2013, FDG

PET/ceCT demonstrated a CR (D-F).

previous studies did not indicate the numbers of CT detectors,' ex-
cept that our previous study was done with a 4-detector row CT.

Staging accuracy with PET/ceCT was excellent, with a higher
proportion of patients correctly staged in locations with extranodal
disease and bone marrow infiltration where CT was less accurate.

FDG PET/ceCT correctly staged all of the patients with
stages I, 111, and IV.

Our results coincide with the published literature regarding
the superiority of FDG PET/ceCT compared with CT in the detec-
tion of extranodal disease. It is reasonable that bone marrow biopsy
can be excluded from the diagnostic workup when FDG PET/ceCT
demonstrates focal marrow disease.’'? Other studies report a low
sensitivity with a high specificity of FDG PET/CT in the detection
of bone marrow involvement.

A recent study in 87 patients with DLBCL demonstrated that
most cervical lymph nodes with FDG uptake that appeared after
treatment were ultimately benign. However, FDG uptake appeared
earlier in the malignant group.”*

Our results agree with previously reports®® except in the ini-
tial staging of HL, DLBCL, and FL, where we noted no significant
differences between ceCT64 and FDG PET/ceCT. Thus, although
perhaps not as effective as FDG PET/ceCT, ceCT64 can be used
for initial staging of lymphoma.

The results of our study are excellent for FDG PET/ceCT
compared with ceCT64, particularly at EOT. Sixty-four-slice multi—
detector row CT overestimated residual lymphadenopathy in the

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

absence of malignancy (n = 8). Nonspecific pulmonary inflam-
mation was a frequent confound. One patient developed a new pul-
monary opacity associated with a lung infarction confirmed by CT
angiography. Another discrepancy was due to the appearance of
a tonsillar mass with cervical lymphadenopathy interpreted as
disease progression, but biopsy confirmed a primary squamous
carcinoma of the tonsil with a complete remission of the lymphoma.

All HL patients who had been assigned to the ceCT branch
(n=37) and FDG PET/ceCT (n = 35) were evaluated at the EOT
with CT and also with FDG PET PET/ceCT. Concordance with
the reference standard was perfect. This corresponds with the re-
sults of previous publications.?*!

Strengths of the Study

We present a prospective study comparing the efficacy of
ceCT64 with FDG PET/ceCT in the initial staging and monitor-
ing of response in HL and NHL. Our results demonstrate the use-
fulness of ceCT64 for the initial staging in HL, DLBCL, and FL,
because of its accessibility and lower cost. However, FDG PET/
ceCT provides the most accurate results in the evaluation at
EOT, especially in HL.

Limitations of the Study

Study limitations include modest sample size that was under-
powered to confirm differences in initial staging and imperfection
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of the criterion or reference standard based on all available clinical
data rather than histology.

CONCLUSIONS

Our study demonstrates that both ceCT64 and FDG PET/
ceCT provide accurate initial staging when compared with the refer-
ence standard. However, for monitoring EOT response, FDG PET/
ceCT is superior to ceCT64 (P < 0.001).
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