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Abstract

Purpose Diffuse large B-cell lymphoma (DLBCL) is a

pathologically heterogeneous disease with different prog-

noses according to its molecular profiles. Despite the broad

usage of 18F-fluoro-2-dexoxy-D-glucose (FDG) positron

emission tomography/computed tomography (PET/CT),

previous studies that have investigated the value of interim
18F-FDG PET/CT in DLBCL have given the controversial

results. The purpose of this study was to evaluate the

prognostic value of interim 18F-FDG PET/CT in DLBCL

according to germinal center B cell-like (GCB) and non-

GCB molecular profiling.

Methods We enrolled 118 newly diagnosed DLBCL

patients treated with rituximab, cyclophosphamide, dox-

orubicin, vincristine, and prednisolone (R-CHOP). Interim
18F-FDG PET/CT scans performed after 2 or 3 cycles of

R-CHOP treatment were evaluated based on the Lugano

response criteria. Patients were grouped as GCB or non-

GCB molecular subtypes according to immunohistochem-

istry results of CD10, BCL6, and MUM1, based on Hans’

algorithm.

Results In total 118 DLBCL patients, 35 % were classified

as GCB, and 65 % were classified as non-GCB. Interim

PET/CT was negative in 70 %, and positive in 30 %.

During the median follow-up period of 23 months, the

positive interim 18F-FDG PET/CT group showed signifi-

cantly inferior progression free survival (PFS) compared to

the negative interim 18F-FDG PET/CT group (P = 0.0004)

in entire patients. A subgroup analysis according to

molecular profiling demonstrated significant difference of

PFS between the positive and negative interim 18F-FDG

PET groups in GCB subtype of DLBCL (P = 0.0001), but

there was no significant difference of PFS between the

positive and negative interim 18F-FDG PET groups in non-

GCB subtype of DLBCL.

Conclusions Interim 18F-FDG PET/CT scanning had a

significant predictive value for disease progression in

patients with the GCB subtype of DLBCL treated with

R-CHOP, but not in those with the non-GCB subtype.

Therefore, molecular profiles of DLBCL should be con-

sidered for interim 18F-FDG PET/CT practice.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most

common type of lymphoma and comprises approximately

one-third of Non-Hodgkin lymphoma (NHL) in adults [1].

DLBCL is clinically, morphologically, and molecularly

heterogeneous [2], and numerous studies have challenged to

find effective prognostic factors for treatment. However, the

exclusive diagnosis of DLBCL despite its heterogeneity has

left some inconclusiveness for clinical practice, treatment

response evaluation, and prognosis prediction. Therefore,

further studies are needed, by delineating more homogenous

groups of DLBCL. Recently, gene expression profiling

(GEP) as a new diagnostic technology has provided new

insights by subdividing DLBCL into 3 subtypes, the ger-

minal center B-cell-like (GCB), the activated B-cell-like

(ABC) and the type 3 subtypes [3, 4]. These 3 subtypes of

DLBCL have different pathogenetic mechanisms that could

benefit differently from therapy [5, 6]. However, the type 3

group is heterogeneous, with a poor outcome similar to the

ABC group [7]. Therefore, DLBCL is classified as GCB and

non-GCB immunohistochemistry (IHC) subgroups based on

Hans’ algorithm as a routine clinical test. Studies reported

that patients with GCB molecular subtype have prognosti-

cally favorable outcomes compared to those with non-GCB

molecular subtypes in patients with DLBCL treated with

cyclophosphamide, doxorubicin, vincristine, and prednisone

(CHOP) or other CHOP-like regimens [3, 8, 9].
18F-fluoro-2-dexoxy-D-glucose (FDG) positron emission

tomography/computed tomography (PET/CT) is an impor-

tant non-invasive diagnostic tool for the management of

patients with FDG-avid lymphomas including DLBCL. It is

the standard imaging modality for staging and determining

the remission status at the conclusion of therapy for DLBCL

[10, 11]. However, in the case of interim 18F-FDG PET/CT,

there is the lack of conclusive agreement upon the prog-

nostic value in the previous studies. Even though it is fre-

quently performed in clinical practice, results have been

various in previous trials that have investigated the predic-

tive value of 18F-FDG PET/CT in treatment. Some studies

have shown that interim 18F-FDG PET/CT is a strong

prognostic indicator in DLBCL showing the potential of

using interim 18F-FDG PET/CT to response-adapted therapy

[12–14], whereas some studies have failed to prove the

prognostic value of interim 18F-FDG PET/CT [15, 16].

In this study,weanalyzednewlydiagnosedDLBCLpatients

according to the subtypes of molecular profiling treated with

rituximab, cyclophosphamide, doxorubicin, vincristine, and

prednisolone (R-CHOP) who underwent interim 18F-FDG

PET/CT scan during treatment. The aim of our study was to

evaluate the prognostic value of interim 18F-FDG PET/CT in

DLBCL according to GCB and non-GCBmolecular profiling.

Materials and methods

Patients

A total of 118 patients who visited Seoul National

University Bundang Hospital between March 2009 and

January 2015 were retrospectively enrolled. Patients were

included in this study who were pathologically diagnosed

with DLBCL, received R-CHOP as the first-line treatment

with or without consolidative therapy, underwent interim
18F-FDG PET/CT scans after 2 or 3 cycles of R-CHOP

treatment, and had IHC results, including CD10, BCL6,

and MUM1. Patients were excluded if they had undergone
18F-FDG PET/CT scan after surgical resection of a lym-

phoma lesion, or had primary central nervous system

lymphoma. Age, sex, Ann Arbor stage, Eastern Coopera-

tive Oncology Group (ECOG) performance score (PS),

International Prognostic Index (IPI) [17], revised IPI (R-

IPI) [18], serum lactate dehydrogenase (LDH) level, pres-

ence of B symptoms, bulky disease (C10 cm), extranodal

involvement, and bone marrow involvement were evalu-

ated on initial admission, prior to treatment. This study has

been approved by the Institutional Review Board for

review of medical records of the patients and was per-

formed in accordance with the ethical standards laid down

in the 1964 Declaration of Helsinki and its later amend-

ments. Acquisition of informed consents was exempted due

to the retrospective character of the study.

Treatment and follow-up

Patients were treated with standard R-CHOP chemotherapy

as the first-line treatment with a treatment interval of

3 weeks. Ann Arbor stage I/II patients received 4–6 cycles

and stage III/IV patients received 6–8 cycles of R-CHOP

chemotherapy. Depending on the stage and site of pre-

sentations, patients were given either R-CHOP alone or a

combination of R-CHOP and radiotherapy. The patients

underwent the following standard evaluations: a complete

history and physical examination, complete blood cell

count, and serum chemistries, including LDH, bone mar-

row aspiration and biopsy, 18F-FDG PET/CT, CT, or MR

(if necessary).

Molecular profiling

Histologic slides with IHC staining and pathologic reports

were reviewed. IHC testing was performed on an auto-

mated IHC stainer (Benchmark XT, Ventana Medical

Systems, Inc., Tuscon, AZ, USA) using the following

monoclonal antibodies for CD10 (clone SP67; Ventana

Medical Systems, Inc., Tuscon, AZ, USA), BCL6 (clone
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GI191E/A8; Ventana Medical Systems, Inc., Tuscon, AZ,

USA), MUM1 (clone MuM1p; Dako Inc., Carpinteria, CA,

USA), and bcl-2 (clone 124; Dako Inc., Carpinteria, CA,

USA). Patients were classified into 2 subgroups, GCB or

non-GCB phenotype [3, 9] according to IHC results based

on Hans’ algorithm [7]. IHC results were interpreted as

positive or negative, with a uniform cutoff value of 30 %

based on prior studies [7, 19].

18F-FDG PET/CT scan protocol

18F-FDG PET/CT images were obtained after 2 or 3

cycles of R-CHOP treatment, using a PET/CT scanner

(Discovery VCT, GE Medical Systems, Milwaukee, WI,

USA). Patients were fasted for at least 6 h. Images were

obtained 50 min after 5.18 MBq/kg 18F-FDG injections.

CT images were acquired from the base of cerebellum to

upper thigh (120 kVp, 3.75 mm slice thickness). PET

images were acquired in a three-dimensional acquisition

mode (5–6 bed position, 2.5 min/bed), and were recon-

structed on a 128 9 128 matrices using an iterative

algorithm (ordered subset expectation maximization, 2

iterations and 8 subsets), with CT-based attenuation

correction.

Image analysis based on revised response criteria

All interim 18F-FDG PET/CT scans were visually inter-

preted based on the 5-point scale by two nuclear medicine

physicians (YSS and JHK, 11 and 6 years of experience,

respectively), who were blinded to patients’ clinical

information [10, 11, 20]. The achievement of a complete

metabolic response (CMR) at interim restaging was defined

according to the Lugano response criteria for non-Hodg-

kin’s lymphoma [20]. In brief, a score of 1–3 on the 5-point

scale was regarded as negative (CMR) and 4 or 5 as pos-

itive (non-CMR) [10, 11].

Statistical analysis

Factors between subgroups of patients were evaluated with

Chi-square test, or Fisher’s exact test. End point was pro-

gression free survival (PFS) from the start of treatment to

disease progression, recurrence or death. The variables

associated with PFS were evaluated with univariate/mul-

tivariate Cox proportional hazards regression model. PFS

curves were derived from Kaplan–Meier survival analysis.

A commercial software package (MedCalc, Version

12.2.1.0, MedCalc Software, Belgium) was used for the

analyses. P values less than 0.05 were regarded as

significant.

Results

Patient characteristics

Clinical and demographic characteristics of the 118

patients (mean age 60.0 ± 13.6 years) included in the

present analysis are summarized in Table 1. Interim 18F-

FDG PET/CT was performed after 2 cycles of R-CHOP in

91 (77 %) patients, or 3 cycles in 27 (23 %) patients. 28

(31 %) patients who underwent interim PET/CT after 2

cycles were relapsed and 6 (22 %) patients who under-

went interim PET/CT after 3 cycles were relapsed. The

timing of interim PET/CT after 2 or 3 cycles of R-CHOP

was not associated with the progression rate (P = 0.39).

41(35 %) patients were classified as the GCB subtype and

77 (65 %) patients as the non-GCB molecular subtype.

Bcl-2 was positive in 20 (49 %) patients of the GCB

group and 56 (73 %) patients of the non-GCB group

(P = 0.004). Out of 118 analyzed patients, 65 (55 %)

patients achieved CMR according to the Lugano response

criteria showing negative interim PET/CT results based

on the 5-point scale.

Cox regression models and patient outcome

Age, sex, B symptom, Ann Arbor stage (I or II vs. III or

IV), C2 extranodal sites, BM involvement, bulky disease,

C2 ECOG PS, elevated LDH, high IPI, high R-IPI, interim

PET/CT result (positive vs. negative), IHC subgroup (GCB

vs. non-GCB), and bcl-2 overexpression were included in

the univariate and multivariate Cox regression models for

evaluating significant risk factors for patient outcomes and

summarized in Table 2. Significant variables in the uni-

variate analysis in total patients included elevated LDH

(hazard ration (HR) = 8.076, 95 % confidence interval

(CI) = 2.465–26.459, P = 0.0006), Ann Arbor stage III or

IV (HR = 9.602, 95 % CI = 2.930–31.460, P = 0.0002),

C2 ECOG PS (HR = 3.027, 95 % CI = 1.312–6.985,

P = 0.009), C2 extranodal sites (HR = 2.418, 95 %

CI = 1.218–4.803, P = 0.012), high IPI (HR = 6.790,

95 % CI = 2.800–16.463, P\ 0.0001), high R-IPI

(HR = 4.981, 95 % CI = 2.247–11.042, P = 0.0001),

bulky disease (HR = 2.959, 95 % CI = 1.501–5.832,

P = 0.002), and positive interim PET result (HR = 3.178,

95 % CI = 1.618–6.243, P = 0.001). Only significant

variables in the univariate analysis were included in the

multivariate Cox model. After adjustment for these

covariates, Ann Arbor stage III or IV (HR = 5.285, 95 %

CI = 1.464–19.083, P = 0.011) and positive interim PET/

CT (HR = 3.350, 95 % CI = 1.377–8.152, P = 0.008)

were the only variables significantly associated with PFS

along with IPI factors. In multivariate analysis in each

Ann Nucl Med (2017) 31:1–11 3
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DLBCL subgroup along with IPI factors, Bcl-2 overex-

pression (HR = 8.304, 95 % CI = 1.108–62.235,

P = 0.039) and positive interim PET/CT (HR = 6.023,

95 % CI = 1.006–36.048, P = 0.049) were significantly

associated with PFS in the GCB DLBCL subgroup. Ann

Arbor stage III or IV (HR = 10.969, 95 %

CI = 1.424–84.469, P = 0.0022) was the only variable

associated with PFS in the non-GCB subgroup.

Table 1 Clinical characteristics

of patients
Parameters Total (n = 118) GCB (n = 41) NGCB (n = 77) P value

Sex 0.416

Men 63 (53 %) 24 (59 %) 39 (51 %)

Women 55 (47 %) 17 (41 %) 38 (49 %)

Age 0.953

B60 58 (49 %) 20 (49 %) 38 (49 %)

[60 60 (51 %) 21 (51 %) 39 (51 %)

Ann Arbor stage 0.900

I/II 48 (41 %) 17 (41 %) 31 (40 %)

III/IV 70 (59 %) 24 (59 %) 46 (60 %)

B symptoms 0.527

No 91 (77 %) 8 (20 %) 19 (25 %)

Yes 27 (23 %) 33 (80 %) 58 (75 %)

Bone marrow involvement 0.746

No 25 (21 %) 8 (20 %) 17 (22 %)

Yes 93 (79 %) 33 (80 %) 60 (78 %)

Bulky disease (cm) 0.440

B10 78 (66 %) 29 (71 %) 49 (64 %)

[10 40 (34 %) 12 (29 %) 28 (36 %)

Extranodal sites 0.703

\2 77 (65 %) 29 (71 %) 57 (74 %)

C2 41 (35 %) 12 (29 %) 20 (26 %)

Serum lactose dehydrogenase 0.981

Normal 43 (36 %) 15 (37 %) 28 (36 %)

Abnormal 75 (64 %) 26 (63 %) 49 (64 %)

ECOG performance status 0.751

\2 105 (89 %) 37 (90 %) 68 (88 %)

C2 13 (11 %) 4 (10 %) 9 (12 %)

IPI 0.212

Low 32 (27 %) 15 (36 %) 17 (22 %)

Low-intermediate 27 (23 %) 6 (15 %) 21 (27 %)

High-intermediate 34 (29 %) 13 (32 %) 21 (27 %)

High 25 (21 %) 7 (17 %) 18 (24 %)

R-IPI 0.349

Very good 11 (9 %) 6 (15 %) 5 (6 %)

Good 51 (43 %) 16 (39 %) 35 (46 %)

Poor 56 (48 %) 19 (46 %) 37 (48 %)

Interim PET/CT 0.946

Negative 65 (55 %) 24 (59 %) 41 (53 %)

Positive 53 (45 %) 17 (41 %) 36 (47 %)

Bcl-2 overexpression (n = 113) (n = 40) (n = 73) 0.004

Negative (n = 37) 37 (33 %) 20 (50 %) 17 (23 %)

Positive (n = 76) 76 (67 %) 20 (50 %) 56 (77 %)

ECOG Eastern Cooperative Oncology Group, IPI international prognostic index, R-IPI revised interna-

tional prognostic index
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Patient characteristics of GCB and non-GCB groups

according to interim PET/CT results

The different patient characteristics of GCB and non-GCB

subgroups between positive interim PET/CT and negative

interim PET/CT results are listed in Tables 3 and 4. Only

the presence of bulky disease (P = 0.009), C2 extranodal

sites (P = 0.020), and bcl-2 overexpression (P = 0.031) in

the GCB subgroup, and C2 ECOG PS (P = 0.018) and IPI

(P = 0.011) in the non-GCB subgroup were different

between interim PET/CT positive and negative patients.

Interim PET/CT result and Kaplan–Meier survival

analysis

In total 118 patients, 83 (70 %) had negative interim PET/CT

and 35 (30 %) had positive interim PET/CT results. During a

median follow-up period of 23 months, the 2-year PFS rate

was 71 % in entire patients (Fig. 1). There was no difference

of PFS between patients with GCB subtype and those with

non-GCB subtype in entire patients (Fig. 2a). However, the

Kaplan–Meier analysis of entire patients showed a significant

difference in PFS between patients with positive interim PET/

CT result and those with negative interim PET/CT result

(HR = 3.16, CI = 1.44–6.92, P = 0.0004) (Fig. 2b). The

2-year PFS rate for patients with negative interim PET/CT

scans was 79 % compared with 51 % for patients with posi-

tive interim PET/CT scans. To evaluate the prognostic role of

interim PET/CT according tomolecular subtype,we analyzed

PFS in GCB (n = 41) and non-GCB (n = 77) subgroups

separately. A subgroup analysis demonstrated a significant

difference in PFS between patients with positive interim PET/

CT and those with negative interim PET/CT in the GCB

subgroup (HR = 8.80, CI = 2.17–35.63, P = 0.0001)

(Fig. 3a), whereas there was no difference of PFS between

patients with positive interim PET/CT and negative interim

Table 2 Univariate and

multivariate analysis for PFS in

entire patients

Parameters Hazard ratio (95 % confidence interval) P value

Univariate analysis

IPI score C3 6.790 (2.800–16.463) \0.0001

Age[60 years 0.986 (0.503–1.935) 0.968

Elevated lactose dehydrogenase 8.076 (2.465–26.459) 0.0006

Ann Arbor stage III/IV 9.602 (2.930–31.460) 0.0002

ECOG performance status C2 3.027 (1.312–6.985) 0.009

Extranodal sites C2 2.418 (1.218–4.803) 0.012

High R-IPI 4.981 (2.247–11.042) 0.0001

B symptoms 1.325 (0.618–2.840) 0.469

Presence of bulky disease 2.959 (1.501–5.832) 0.002

Bone marrow involvement 1.554 (0.725–3.332) 0.257

Positive interim PET/CT result 3.178 (1.618–6.243) 0.0008

Non-GCB subtype 0.781 (0.381–1.602) 0.500

Bcl-2 overexpression 1.942 (0.839–4.494) 0.121

Multivariate analysis

IPI or R-IPI as single parameter

IPI score C3 9.274 (1.679–51.236) 0.011

High R-IPI 0.555 (0.116–2.659) 0.462

Presence of bulky disease 1.467 (0.672–3.204) 0.337

Positive interim PET/CT result 1.903 (0.880–4.114) 0.102

With individual IPI factors

Age[60 years 0.614 (0.285–1.320) 0.211

Elevated lactose dehydrogenase 3.617 (0.938–13.951) 0.062

Ann Arbor stage III/IV 5.285 (1.464–19.083) 0.011

ECOG performance status C2 1.003 (0.480–2.538) 0.995

Extranodal sites C2 1.136 (0.558–2.313) 0.725

Presence of bulky disease 1.104 (0.480–2.538) 0.816

Positive interim PET/CT result 3.350 (1.377–8.152) 0.008

ECOG Eastern Cooperative Oncology Group, IPI international prognostic index, R-IPI revised interna-

tional prognostic index
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PET/CT in the non-GCB subgroup (P = 0.105) (Fig. 3b).

Kaplan–Meier analysis of patients who underwent interim

PET/CT after 2 cycles of R-CHOP showed consistent results

in the whole group (HR = 2.60, CI = 1.37–5.94,

P = 0.0086), the GCB group (HR = 8.31, CI = 2.21–31.20,

P = 0.0013), and the non-GCB group (HR = 1.49,

CI = 0.51–4.33, P = 0.42).

Discussion

In our study, we investigated the usefulness of interim 18F-

FDG PET/CT according to molecular profiles. There were

significant differences of PFS between GCB subtype

DLBCL patients with positive interim PET/CT and nega-

tive interim PET/CT, whereas there were no significant

Table 3 Risk factors of the

GCB patients according to

interim PET/CT result

Parameters PET negative (n = 29) PET positive (n = 12) P value

Sex 0.481

Men 18 (62 %) 6 (50 %)

Women 11 (38 %) 6 (50 %)

Age 0.563

B60 15 (52 %) 5 (42 %)

[60 14 (48 %) 7 (58 %)

Ann Arbor stage 0.296

I/II 14 (48 %) 3 (25 %)

III/IV 15 (52 %) 9 (75 %)

B symptoms 1.000

No 23 (79 %) 10 (83 %)

Yes 6 (21 %) 2 (17 %)

Bone marrow involvement 0.202

No 25 (86 %) 8 (67 %)

Yes 4 (14 %) 4 (33 %)

Bulky disease (cm) 0.009

B10 24 (83 %) 5 (42 %)

[10 5 (17 %) 7 (58 %)

Extranodal sites 0.020

\2 24 (83 %) 5 (42 %)

C2 5 (17 %) 7 (58 %)

Serum lactose dehydrogenase 0.480

Normal 12 (41 %) 3 (25 %)

Abnormal 17 (59 %) 9 (75 %)

ECOG performance statue 0.068

\2 28 (97 %) 9 (75 %)

C2 1 (3 %) 3 (25 %)

IPI 0.147

Low 13 (45 %) 2 (16 %)

Low-intermediate 5 (17 %) 1 (8 %)

High-intermediate 8 (28 %) 5 (23 %)

High 3 (10 %) 4 (33 %)

R-IPI 0.153

Very good 4 (14 %) 2 (16 %)

Good 14 (48 %) 2 (16 %)

Poor 11 (38 %) 8 (67 %)

Bcl-2 overexpression (n = 29) (n = 11) 0.031

Negative (n = 20) 18 (62 %) 2 (18 %)

Positive (n = 20) 11 (38 %) 9 (82 %)

ECOG Eastern Cooperative Oncology Group, IPI international prognostic index, R-IPI revised interna-

tional prognostic index
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differences of PFS in between non-GCB subtype DLBCL

patients with positive interim PET/CT and negative interim

PET/CT. Numerous previous studies have attempted to

prove the predictive value of interim PET or PET/CT

during the chemotherapy in identifying patients likely to

relapse [12, 15, 16, 21–25]. However, previous studies for

interim PET or PET/CT have yielded conflicting results.

Some studies reported good prognostic value of interim

PET or PET/CT [12, 22, 25], whereas others reported either

no or relatively poor prognostic value of interim PET or

PET/CT in DLBCL [15, 16, 21, 23, 24]. Although clini-

cians perform a routine interim 18F-FDG PET/CT during

chemotherapy in DLBCL patients to distinguish early

responders from non-responders, the use of interim 18F-

Table 4 Risk factors of non-

GCB patients according to

interim PET/CT result

Parameters PET negative (n = 54) PET positive (n = 23) P value

Sex 0.862

Men 27 (50 %) 11 (48 %)

Women 27 (50 %) 12 (52 %)

Age 0.504

B60 28 (52 %) 10 (43 %)

[60 26 (48 %) 13 (57 %)

Ann Arbor stage 0.254

I/II 24 (44 %) 7 (30 %)

III/IV 30 (56 %) 16 (70 %)

B symptoms 0.182

No 43 (80 %) 15 (65 %)

Yes 11 (20 %) 8 (35 %)

Bone marrow involvement 0.081

No 45 (83 %) 15 (65 %)

Yes 9 (17 %) 8 (35 %)

Bulky lesions (cm) 0.062

B10 38 (63 %) 11 (65 %)

[10 16 (37 %) 12 (35 %)

Extranodal sites 0.563

\2 41 (76 %) 16 (70 %)

C2 13 (24 %) 7 (30 %)

Serum LDH 0.224

Normal 19 (35 %) 6 (26 %)

Abnormal 35 (65 %) 17 (74 %)

ECOG performance statue 0.018

\2 51 (94 %) 17 (74 %)

C2 3 (6 %) 6 (26 %)

IPI 0.015

Low 16 (30 %) 1 (4 %)

Low-intermediate 15 (28 %) 6 (26 %)

High-intermediate 15 (28 %) 6 (26 %)

High 8 (14 %) 10 (43 %)

R-IPI 0.421

Very good 4 (7 %) 1 (4 %)

Good 27 (50 %) 8 (35 %)

Poor 23 (43 %) 14 (61 %)

Bcl-2 overexpression (n = 51) (n = 22) 0.261

Negative (n = 17) 10 (20 %) 7 (32 %)

Positive (n = 56) 41 (80 %) 15 (68 %)

ECOG Eastern Cooperative Oncology Group, IPI international prognostic index, R-IPI revised interna-

tional prognostic index

Ann Nucl Med (2017) 31:1–11 7

123



FDG PET/CT is still investigational due to the previous

conflicting results. Recently, World Health Organization

classification (WHO) introduced the revised WHO classi-

fication of lymphoid neoplasms. The revised classification

refined the diagnostic criteria based on genetic or molec-

ular information, and subdivided DLBCL into 2 subtypes

as GCB and ABC [26]. However, studies about the prog-

nosis of DLBCL according to the subtypes showed con-

troversial results [1, 27–30], and application of this

information into clinical practice awaits further studies. In

this situation, our result suggests that the value of interim
18F-FDG PET/CT differs between different DLBCL sub-

types. The application of interim 18F-FDG PET/CT in

clinical practice should be considered differently according

to the molecular profiles of DLBCL, and we anticipate thatFig. 1 Kaplan–Meier curve for PFS of entire patient population.

Two-year PFS, 71 %

Fig. 2 Kaplan–Meier curves for PFS of entire patient population according to molecular subtypes and interim PET/CT results. a Entire patients

with GCB vs. non-GCB subtype DLBCL. b Entire patients with negative PET/CT vs. positive PET/CT scans

Fig. 3 Kaplan–Meier curves for PFS of patients stratified according to interim PET/CT results. a GCB patients with negative PET/CT vs.

positive PET/CT scans. b Non-GCB patients with negative PET/CT vs. positive PET/CT scans

8 Ann Nucl Med (2017) 31:1–11
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this approach will be useful for the future investigation in

more specific therapeutic strategies of patients with

DLBCL into high- and low-risk subgroups within GCB

subtypes.

Bcl-2 is an antiapoptotic protein frequently dysregulated

in DLBCL [31]. The prognostic value of bcl-2 overex-

pression in patients with DLBCL has been reported in

several previous studies [31–33]. In concordance with

previous results [33], bcl-2 overexpression rate was higher

in the non-GCB group than the GCB group in our study.

Bcl-2 overexpression and positive interim PET/CT were

the only variables significantly associated with PFS in the

GCB DLBCL subgroup. The bcl-2 overexpression was

associated with a poor outcome in the GCB DLBCL

(P = 0.010, data not shown) but not in the non-GCB

group, as previously reported [32, 33]. One well-known

mechanism of bcl-2 overexpression is the

t(14;18)(q32;q31) in GCB subtype of DLBCL, whereas the

mechanism of bcl-2 overexpression is associated with NF-

jB activation in the non-GCB type [6, 33–35]. However,

bcl-2 overexpression has not been a prognostic risk factor

for non-GCB subtypes after the introduction of rituximab

[30, 33], since rituximab targets NF-jB and its target bcl-2

resulting in increased susceptibility to chemotherapy by

reducing the bcl-2 expression [36]. In addition, the acti-

vation of NF-jB is known to cause not only the overex-

pression of bcl-2 [6, 33–35], but also glucose transporters

(GLUT) [37–40]. Therefore, since NF-jB mediated

pathogenesis is not likely to be a significant risk factor in

non-GCB subtype of DLBCL, GLUT-dependent 18F-FDG

PET/CT is also not likely to have a predictive prognostic

value during R-CHOP chemotherapy as in our study.

In this study, GCB subtype patients with positive

interim PET/CT scans had a higher proportion of bcl-2

overexpression, compared to those with negative interim

PET/CT scans. On the contrary, there were no differences

of bcl-2 overexpression between non-GCB patients with

positive and negative interim PET/CT. As previously

mentioned above, bcl-2 overexpression is a risk factor in

GCB subtype only. This suggests that bcl-2 may be the

factor that associates positive interim PET/CT with poor

prognosis in GCB patients, while interim PET/CT result is

not associated with prognosis in non-GCB patients. We

assume that there would be other pathogeneses than NF-

jB, accounting for 18F-FDG uptake in bcl-2 overex-

pressing GCB patients. The association of interim PET/

CT response and pathogenesis are remained to be inves-

tigated in further studies.

There are several study limitations in our study. First,

this was a retrospective study. Second, Hans’ algorithm

was adopted for molecular subtype classification instead of

a cDNA microarray, since a cDNA microarray is still not a

routine clinical test. Choi et al. reported that Hans’

algorithm has 81 % sensitivity and 92 % specificity for

detecting GCB subtype [8], therefore leading to the pos-

sibility of grouping bias. Third, we did not have enough

data for bcl-2 and MYC rearrangement analysis due to the

retrospective character of this study. Concurrent chromo-

somal rearrangement of MYC plus bcl-2 possibly may have

synergic clinical effect and is called double hit lymphoma

which occurs in 7–10 % of DLBCL [41–43].

Conclusion

Our study shows that interim 18F-FDG PET/CT scanning

has a significant predictive value for disease progression in

patients with GCB molecular subtype of DLBCL, but not

in those with non-GCB subtype of DLBCL treated with

R-CHOP. Therefore, molecular profiles of DLBCL should

be considered in interim 18F-FDG PET/CT practice.
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