
54 Copyright © 2017 The Korean Society of Radiology

INTRODUCTION

Diffuse large B cell lymphoma (DLBCL) is the most 
common histological subtype of Non-Hodgkin’s lymphoma 
(NHL) accounting for 30% of NHL (1). DLBCL is an 
aggressive lymphoma that affects patients of all ages, with 
a wide range of clinical presentations. The median age at 
presentation is 64 years, with a slight male preponderance, 
and upto 50% of patients present with advanced stage 
disease. 

Patients with DLBCL typically present with a rapidly 
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enlarging lymph nodal mass, commonly in the neck or 
abdomen. 30% of patients present with fever, night sweats 
and weight loss (B symptoms). Extranodal extramedullary 
disease occurs in up to 40% of patients with DLBCL (2). The 
gastrointestinal tract is the most common site of extranodal 
involvement; however, DLBCL can involve virtually any 
organ, including the central nervous system (CNS), salivary 
glands, nasal cavity and paranasal sinuses, thyroid, breast, 
lung, liver, adrenal glands, kidneys and genital organs. 
Black race, male sex, age at diagnosis > 60 years, advanced 
stage, and B symptoms at diagnosis are adverse prognostic 
factors (3).

(F-18)2-fluoro-2-deoxy-D-glucose (FDG) positron 
emission tomography (PET)/computed tomography (CT) 
is the cornerstone in lymphoma management and is used 
at various stages of disease treatment including initial 
staging, treatment planning, and response assessment. 
Other imaging modalities such as ultrasound (US), CT, 
and magnetic resonance imaging (MRI) are often used as 
complementary tools for the assessment of morphology and 
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to aid biopsies. 
This reviewarticle summarizes clinically relevant aspects 

of the molecular classification and imaging modalities used 
in DLBCL, updated CT and PET treatment response criteria, 
and recenttreatment options, which should help the reader 
in day-to-day lymphoma imaging practice.

Molecular Classification of DLBCL

The histological subtypes of DLBCL are molecularly 
heterogeneous, and arise from several distinct oncogenic 
pathways. The molecular pathogenesis of DLBCL primarily 
involves rearrangements of BCL6, BCL2, and MYC that 
ultimately lead to the transformation and expansion of a 
malignant clone of germinal or postgerminal B cell origin.
Molecular analysis using gene expression classifies DLBCL 
into 3 main subtypes-germinal center B-cell-like (GCB) 
DLBCL, activated B-cell-like (ABC) DLBCL, and primary 
mediastinal B-cell lymphoma (PMBL) (Table 1) (4). The 
GCB variant arises from germinal centre B cells and is most 
commonly associated with BCL2 translocation, resulting 
in BCL6 expression (5, 6). MYC rearrangement (MYC+) is 
seen in approximately 10% of patients with DLBCL and 
often correlates with GCB subtype and has an inferior 
prognosis (7). The ABC variant arises from post germinal 
centre and occurs due to constitutive NFκB (8) and B 
cell receptor signaling pathway activation (9). The PMBL 
variant arises from post thymic B cells and is characterized 
by chromosome 9p24 amplification and NFκB pathway 
activation (10). PMBL is similar to the nodular sclerosis 
variant of Hodgkin lymphoma (11). It usually affects young 
adults, with a mean age of 37 years, and has a slight female 
preponderance (12). Other rarer subtypes of DLBCL are gray 
zone lymphoma and double hit lymphoma (DHL). Gray zone 
lymphoma has features of Classical Hodgkinlymphoma and 
PMBL. It usually presents as a mediastinal mass, asdoes 
PMBL, and demonstrates histological, immunohistochemical 

and genetic similarities to Classical Hodgkin lymphoma 
and PMBL (13). Gray zone lymphoma can be a therapeutic 
challenge,as it does not respond as expected to standard 
treatment regimens. DHL is a rare, highly aggressive 
subtype of NHL demonstrating MYC rearrangement in 
addition to BCL2 and/or BCL6 rearrangements (as detected 
by FISH or standard cytogenetics). DHL is seen in 2–11% 
of patients with DLBCL, and has features intermediate 
between DLBCL and Burkitt’s lymphoma. Patients usually 
present with poor prognostic factors, such as elevated 
lactate dehydrogenase (LDH), bone marrow and CNS 
involvement. DHL is highly aggressive and even with newer 
chemoimmunotherapy regimens or stem cell transplantation 
is associated with poor clinical outcomes (14). An area of 
active research is in the development of new therapeutic 
tools based on molecular genetics of the diseasein patients 
who fail standard treatment. Molecular imaging will be 
complementary to clinical evaluation in guiding the success 
of these new drugs.

Overview of Treatment Options in DLBCL

Cyclophosphamide, doxorubicin, vincristine and 
prednisone (CHOP) chemotherapy has been the standard 
of care for patients with DLBCL since the 1990s (15). The 
most recent breakthrough in the treatment of DLBCL was 
the addition of Rituximab, a chimeric monoclonal antibody 
against CD 20 expressed on mature B cells, which the FDA 
approved for use in 1997; CHOP plus rituximab (R-CHOP) 
has become standard of care in patients with DLBCL (16, 
17). Involved site radiotherapy is recommended for patients 
who are not candidates for any chemotherapy. Patients 
with CNS disease are treated with systemic methotrexate. 
Intrathecal methotrexate is useful in patients with CNS 
disease with leptomeningeal involvement. 

In recent years, genomic and molecular biomarkers 
have taken precedence over conventional histological 

Table 1. DLBCL Molecular Subtypes
DLBCL Subtype Cell of Origin Most Common Gene Mutaion Salient Features

GCB
Germinal centre 
  B cell

BCL2 translocation and 
  MYC rearrangement

Good prognosis, approximately 80% 3 year 
  overall survival rate

ABC
Post germinal centre 
  B cell

NFκB and BCR signaling 
  pathway activation

Highest risk for disease relapse after standard 
  immunochemotherapy, 45% 3 year overall survival rate

PMBL Post thymic B cells
Chromosome 9p24 amplification 
  and NFκB pathway activation

Excellent prognosis, 97% 3 year overall survival rate

ABC = activated B-cell-like, BCR = B cell receptor, DLBCL = diffuse large B cell lymphoma, GCB = germinal center B-cell-like, PMBL = 
primary mediastinal B-cell lymphoma
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classification to guide the selection of therapy and 
development of newer molecular targeted agents. Newer 
small molecules and pathway inhibitors are in various 
stages of investigation for the treatment of refractory 
DLBCL. Chimeric antigen receptor T cells targeting CD19-
expressing B cells have shown promise in B-cell lymphoid 
malignancies (18-20). Bispecific antibodies and their 
derivatives are a group of drugs that have shown promise in 
the treatment of hematologic malignancies (21-23). Unlike 
ordinary monoclonal antibodies, bispecific antibodies form a 
link between T cells and tumor cells which allows the T cells 
to exert cytotoxic activity on tumor cells. Blinatumomab, 
a bispecific antibody approved by the FDA in December 
2014 for the treatment of relapsed and/or refractory B-ALL, 
hasshown therapeutic efficacy in patients with relapsed/
refractory DLBCL (24). 

Another exciting area of active research is immunotherapy. 
The immune-checkpoint axis serves to maintain selftolerance 
and prevent autoimmunity. Malignant cells commonly 
overexpress inhibitory proteins which, in turn, suppress 
T-cell-effector functions, such as cytotoxic T-lymphocyte-
associated-protein 4 (CTLA-4) and programmed cell-death 
protein 1 (PD-1), thus leading to immune escape of the 
tumour (25). Ipilimumab, an immune checkpoint inhibitor 
that blocks CTLA-4, was approved by the FDA in March 
2011 for the treatment of metastatic melanoma (26). Since 
then, many other immunotherapeutic agents have shown 
promising results in treatment of hematologic malignancies 
and metastatic solid tumors. According to a recent phase 
1 trial, nivolumab-mediated PD-1 blockade is found to be 
highly effective in patients with relapsed or refractory HL 
and was given FDA approval in May 2016 (27). Pidilizumab, 
a PD-1 blocking antibody, has shown promising results after 
autologous haematopoietic stem cell transplant in patients 
with DLBCL (28).

Approximately one-third of patients develop relapse or 
refractory disease in spite of overall improvements in the 
treatment strategy of DLBCL, and this remains a major cause 
of morbidity and mortality (29). Relapsed/refractory DLBCL 
is typically treated with high dose chemotherapy followed 
by autologous stem cell transplant (high dose chemotherapy 
[HD-CT] with autologous stem cell transplant [ASCT]) (30). 

Overview of the Imaging Modalities in DLBCL

Imaging in oncology has shifted from purely 
morphological to a combination of morphological and 

functional imaging, which has led to improvement in 
overall management and patient care. With the advent of 
PET and fusion technology, creating PET/CT, molecular and 
morphological information can be accessed together. FDG 
PET/CT imaging has become the cornerstone for managing 
patients with lymphoma. FDG is a glucose analogue witha 
half life of 110 minutes that is taken up through glucose 
transporters on the surface of metabolically active cells. 
It has been extensively studied for its role in the staging, 
response assessment and detection of recurrence in patients 
with lymphoma.

Though FDG-PET/CT is the imaging modality of choice in 
DLBCL, other modalities, including plain radiography, US, 
CT, and MRI are also used at various stages of management. 
In patients with mediastinal DLBCL, chest radiography is 
typically the initial imaging study performed forsymptomatic 
work up, and mayprovide the first indication of involvement 
of the mediastinum and lung parenchyma. CT is particularly 
useful for anatomical delineation of pathological lymph 
nodes and extranodal disease, for guiding biopsies of deep 
seated lymph nodes, particularly in the mediastinum or 
retroperitoneum, and in formulating treatment plans. MRI 
is useful in imaging central and peripheral nervous system 
involvement. US can be used to assess the size, shape, 
border and echogenicity of superficial lymph nodes, such 
as those in the cervical, axillary, and inguinal regions (31, 
32). However, US is of limited value in the evaluation of 
deep lymph nodes, such as thosein the retroperitoneum or 
mediastinum. US is also useful for the evaluation of organ 
involvement in the abdomen (e.g., gallbladder, kidney) and 
in guiding biopsy of focal lesions, if present, in the liver, 
spleen (33) or lymph nodes. US guided core biopsy in head 
and neck lymphoma has a high diagnostic yield, and can 
obviate the need for surgical excisional biopsies (34).

Before the advent of 18-FDG PET/CT, 67-Gallium citrate 
was widely used for imaging in lymphoma. Although not 
useful for staging lymphoma (35), gallium imaging is 
superior to CT in response assessment (36) and in the 
detection of recurrence (37), and maybe an option when 
PET is not available.

The Role of Imaging in the Management of 
DLBCL

Initial Diagnosis and Staging of DLBCL
In 2014, the International Conference on Malignant 

Lymphomas (ICMLs) published guidelines for the initial 
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evaluation, staging, treatment,and response assessment 
for various subtypes of lymphoma (38). The guidelines 
recommend the use of excisional biopsy, if possible, or core 
needle biopsy for the diagnosis of lymphoma (38). The 
initial clinical evaluation of suspected lymphoma should 
include age, sex, and detailed history of B-symptoms such 
as fever, weight loss, night sweats, lymphadenopathy and 
fatigue. Laboratory examination should include standard 
blood work including CBC with differential, a comprehensive 
metabolic panel and serum LDH. Size of palpable lymph 
nodes and organomegaly, if any, should be noted. The 
National Comprehensive Cancer Network-International 
Prognostic Index (NCCN-IPI) used in risk stratification 
of lymphoma patients incorporates age, LDH, sites of 
involvement, Ann Arbor stage, and Eastern Cooperative 
Oncology Group performance status (39). Newly diagnosed 
patients with DLBCL are classified into 4 different risk 
groups (low, low-intermediate, high-intermediate, and 
high), using this risk model (40). 

Role of PET
The new Lugano classification, which is the most recent 

system proposed for staging and response assessment of 
both HL and NHL, was developed following meetings of 
the ICML in 2011 and 2013. This classification represents 
a consensus statement of clinical experts in lymphoma, 
andrecommends a five-point scale for response assessment 
with FDG-PET/CT, based on visual analysis, thus formally 
including PET/CT as the imaging study for staging of FDG-
avid lymphomas, including DLBCL (39, 41). The inclusion 
of PET findings results in a change in staging in 10–30% 
of cases as compared to CT scanalone, and accurate 
staging ensures appropriate treatment of patients (42). 
Obtaining a baseline PET/CT scan is important in assessing 
FDG avidity of tumor prior to begining therapy, so as to 
increase the accuracy of subsequent response assessment 
on follow up imaging. The report template should include 
sites of lymph node involvement, size of the largest lymph 
node in each group (longest and shortest diameter) and 
locoregional extension, including encasement of vasculature 
and FDG uptake in Standarized Uptake Value (SUV). Organ 
involvement in lymphoma may show focal areas of increased 
FDG uptake or diffuse abnormal uptake. The initial staging 
PET/CT scan assesses metabolic activity, but utilizes a low 
dose, non-enhanced CT scan for attenuation correction, 
as contrast may result in overestimation of reference site 
activity in the liver and mediastinum (43). However, it may 

be complemented with a contrast enhanced CT (CECT) scan 
for better assessment of morphological abnormalities. In 
abdominal lymphoma, CECT may be helpful in differentiating 
lymph nodes from collapsed bowel loops and vessels; in 
head and neck lymphoma, it may be useful to differentiate 
physiologic uptake from enlarged cervical lymph nodes. A 
diagnostic CT scan is required where precise measurements 
of involved lymph nodes are needed (44). 

Evaluation of Bone Marrow Involvement in DLBCL
Evaluation of bone marrow involvement is an essential 

step in the staging of lymphoma, and is associated with 
advanced disease stage in most cases. FDG-PET is a non-
invasive, sensitive modality for detecting bone marrow 
involvement, seen as focal areas of FDG uptake, often with 
no morphological abnormality on corresponding CT images. 
Diffuse FDG uptake in bone marrow is more likely to be 
benign, secondary to reactive marrow activation, rather 
than pathological marrow involvement.

In one study, FDG-PET showed higher sensitivity, 
accuracy and negative predictive value (94%, 98% and 
98% respectively) when compared to bone marrow biopsy 
(BMB) (24%, 80% and 81%, respectively) (45). However, 
in another study, FDG-PET performed poorly as compared 
to BMB and missed bone marrow involvement in 31.2% of 
cases (46). A plausible reason for FDG-PET being negative 
may be the presence of low volume disease. Presently, the 
Lugano classification indicates that a BMB is no longer 
indicated for Hodgkin lymphoma if a PET/CT is performed 
and positive for marrow involvement. A BMB is only 
indicated for DLBCL patients if the PET is negative and/or 
identifying a discordant histology is important for patient 
management (38). If both the BMB and FDG-PET show bone 
marrow involvement, prognosis is worse; no adverse effect 
on outcome was found when only FDG-PET was positive and 
BMB was negative (47).

Role of Imaging in the Evaluation of End of Treatment 
Response and Utility of Interim PET/CT

The first universally accepted response criteria for NHL 
were published in 1999 by the National Cancer Institute 
Working Group and revised in 2007 by the International 
Working Group (48). The current Lugano classification 
recommends use of FDG-PET/CT for assessment of treatment 
response (Table 2, Fig. 1) (38). FDG-PET/CT is better than CT 
in confirming complete resolution of disease or identifying 
those patients who fail standard treatment. Interim-PET 
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(I-PET)/CTs are performed early during treatment, following 
2 to 4 courses of chemotherapy. End of treatment FDG-PET/
CT scan should be performed after 6–8 weeks of therapy 
(48). According to the Lugano guidelines, response to 
treatment is classified as complete, partial, no responseor 

progressive disease. The Deauville criteria, a 5-point PET 
scoring system,along with SUV max is used to determine 
the response to therapy (Fig. 2) (42, 49).

Table 2. Revised Criteria for Response Assessment
Response Type PET/CT-Based Response

Complete response
Uptake in lymph nodes and extralymphatic tissues has a score of 1–3.
No new lesion is seen.
No focal abnormal uptake in bone marrow.

Partial response

Uptake in lymph nodes and extralymphatic tissues has a score of 4–5 but the uptake should be less 
  as compared to baseline scan.
No new lesion is seen.
Residual uptake in bone marrow, if involved on baseline scan but lesser as compared to baseline scan.

No response/stable disease

Uptake in lymph nodes and extralymphatic tissues has a score of 4–5 with no significant change 
  in uptake as compared to baseline scan.
No new lesion is seen.
Uptake in bone marrow, if involved on baseline scan with no significant change in uptake 
  as compared to baseline scan.

Progressive disease

Uptake in lymph nodes has a score of 4–5 with increase in uptake as compared to baseline scan.
New focal area of FDG uptake in lymph nodes or extralymphatic tissues consistent with lymphoma 
  and not suggestive of unrelated pathology.
New area of uptake in bone marrow, not appearing as reactive.

CT = computed tomography, FDG = (F-18)2-fluoro-2-deoxy-D-glucose, PET = positron emission tomography

Fig. 1. 33-year-old woman with DLBCL (PMBL subtype). 
A. Maximum intensity projection (MIP) FDG-PET image shows FDG-avid cervical, thoracic, and abdominal lymphadenopathy, as well as diffuse 
bone marrow uptake. B. Interim MIP FDG-PET image after 2 cycles of chemotherapy shows good metabolic response with residual thoracic 
lymphadenopathy. C. End of treatment FDG-PET image shows complete response. DLBCL = diffuse large B cell lymphoma, FDG = (F-18)2-fluoro-2-
deoxy-D-glucose, PET = positron emission tomography, PMBL = primary mediastinal B-cell lymphoma

A B C
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PET 5-Point Scale (Deauville Criteria)
1) No uptake.
2) Uptake less than mediastinum.
3) Uptake more than mediastinum but less than or equal 

to liver.
4) Uptake moderately more than liver uptake, at any site.
5) Markedly increased uptake at any site and new sites of 

disease.
There is an additional score ‘X’ for new areas of uptake 

that are unrelated to lymphomatous disease.
A score of 1–3 indicates metabolic response, whereas a 

score of 4 or 5 either indicates stable disease or progressive 
disease at the end of treatment evaluation. However, a 
score of 4 or 5 at interim evaluation may suggest a partial 
metabolic response, provided uptake has reduced from 
baseline. In addition to Deauville criteria, ΔSUV max was 
proposed by an international confirmatory study and is 
found to be better in evaluating the prognostic value of 

Fig. 2. 43-year-old man with DLBCL. 
A-C. Pre-therapy FDG-PET/CT demonstrates large intensely FDG-avid anterior mediastinal mass (arrow in B), presternal soft tissue mass (arrow in C), 
and diffuse bone marrow involvement. Focal intense uptake in proximal right upper extremity represents injection site. D-F. Interim FDG-PET/CT, 
performed after 2 cycles of chemotherapy, demonstrates complete metabolic response in anterior medistinum with residual anterior mediastinal 
soft tissue (arrow in E); however persistent presternal FDG-avid soft tissue is consistent with incomplete response (arrow in F).

A

D

B

E

C
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an I-PET/CT in DLBCL (50). ΔSUV max is the percentage 
difference between baseline and I-PET/CT SUV measurement 
performed after 2 cycles. A ΔSUV max cut-off of 66% was 
used to separate patients as I-PET-positive from I-PET-
negative. This method was found to have the highest 
interobserver reproducibility, with almost perfect agreement 
between pairs of observers and a higher outcome prediction 
performance as compared to the Deauville scoring system. It 
is thus recommended by the authors as a semiquantitative 
tool, in addition to visual analysis used with Deauville 
criteria, in the assessment of interval treatment response. 

In a large prospective International Atomic Enery Agency 
(IAEA)-funded multicenter study, the role of I-PET was 
investigated by Carr et al. (51). They looked at event-
free survival (EFS) and overall survival (OS) over 2 years, 
reporting 79% and 86%, respectively, across all groups. 
However, when divided into I-PET-negative and I-PET-
positive groups, the two-year EFS was 90% and 58%, 
respectively, and the two-year OS was 93% and 72%, 
respectively. Three main conclusions were drawn from this 
study: 1) response assessed by I-PET is comparable across 
various healthcare systems internationally, 2) a negative 
I-PET with good clinical status identifies a favorable 
subset of patients with EFS of 98%, and 3) a single I-PET 
scan cannot differentiate chemoresistant lymphoma from 
complete response and thus cannot be used to guide 

changes in management. 
The PET guided therapy of Aggressive NHLtrial (52) and 

GA 101 In Newly Diagnosed Diffuse Large B Cell Lymphoma 
study (GAINED) are on going trials employing use of 
ΔSUV max in evaluating the role of I-PET/CT in changing 
management. Results will further assist in determining the 
utility of I-PET.

In addition to treatment response, I-PET/CT may detect 
drug toxicity, when present. Rituximab, a mainstay in 
treatment of DLBCL which has changed the overall scenario 
of DLBCL treatment favorably, is one of several causes of 
drug induced pneumonitis (Fig. 3). Complement activation 
is one of the speculated mechanisms in the pathogenesis 
of the side-effects of rituximab (53). It presents on FDG-
PET/CT as diffuse FDG uptake within the lungs; ground glass 
opacities are the most common morphological abnormality 
on CT. Other changes, such as nodular interstitial thickening 
and consolidation, may also be present (54). Identification 
of these changes may alert the treating oncologist and 
timely treatment may prevent a potentially fatal outcome.

Role of PET as a Prognostic Marker
A recent meta-analysisof seven studies comprising a total 

of 737 R-CHOP-treated DLBCL patients who were in complete 
remission at end-of-treatment FDG-PET revealed a disease 
relapse rate of 7–20%. The progression free survival at 2 

Fig. 2. 43-year-old man with DLBCL. 
G-I. Post-therapy FDG-PET/CT performed after 4 cycles of chemotherapy demonstrates interval increase in size of presternal soft tissue mass (arrow 
in I), as well as new recurrence in right parasternal region more superiorly (arrow in H). CT = computed tomography, DLBCL = diffuse large B cell 
lymphoma, FDG = (F-18)2-fluoro-2-deoxy-D-glucose, PET = positron emission tomography

G H I
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years, 3 years and 5 years was 83%, 85–86.4% and 75%, 
respectively (55). A Deauville score of 3 in many patients 
indicates a good prognosis at the time of an interim 
scan with standard treatment, however, a score of 3 at 
completion of therapy should be considered an inadequate 
treatment response (41, 42). OS or progression free survival 
are the usual end points in clinical trials, and FDG-PET/
CT response criteria correlate well with progression free 

survival. Those patients with complete metabolic responses 
show negligible relapse rates. Thus, using FDG-PET/CT as a 
surrogate end point in trials for new drug development may 
shorten the time of clinical trials, hastening the availability 
of new drugs which may benefit patients (42, 55, 56).

Metabolic response on FDG-PET/CT is also considered 
an important prognostic parameter in patients receiving 
second line therapy. In a prospective study of 24 patients 

Fig. 3. 61-year-old woman presented with fullness in her left ear and bilateral neck swelling. Endoscopy revealed left-sided 
nasopharyngeal mass. Patient also had pain and swelling in left knee. 
A. Axial T2-weighted MR image shows mildy hyperintense mass (arrow) involving left nasopharynx. B. Axial contrast-enhanced T1-weighted MR 
image shows minimal homogeneous enhancement of mass (arrow). C. Coronal T1-weighted MR image shows low signal intensity of tumor relative 
to fatty marrow of epiphysis (arrow). D. Coronal short tau inversion recovery MR image of knee joint shows irregular hyperintense mass involving 
distal femoral epiphysis with periosteal reaction and soft tissue (arrow). Pathology demonstrated DLBCL with MYC and BCL-2 overexpression 
on immunoperoxidase staining, consistent with double hit lymphoma. Patient presented to emergency department after 2 cycles of R-CHOP 
chemotherapy with cough and shortness of breath. E, F. Axial (E) and coronal (F) contrast-enhanced lung window CT images reveal patchy 
groundglass opacities in both lower lobes (arrows) suggestive of drug associated pneumonitis. CT = computed tomography, DLBCL = diffuse large 
B cell lymphoma, R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone
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with NHL relapse, predictive value of FDG-PET was found to 
be better than conventional re-staging and the IPI (57). In 
another study of 129 patients with relapsed or refractory 
DLBCL, after salvage chemotherapy and prior to HD-CT with 
ASCT, patients with Deauville scores of 1–3 had better PFS 
and OS than those with Deauville scores of 4 (77% and 
86% vs. 49% and 54%, respectively). In these patients, 
complete metabolic response on FDG-PET appeared to be 
a favorable prognostic factor; no other factors had an 
impact on survival (58). A meta-analysis of 12 studies with 
630 patients (which included 313 DLBCL patients) showed 
that patients with relapse and post salvage chemotherapy 
and no response on PET scan had a 4–5 times higher risk 
for treatment failure than patients that had a metabolic 
response on PET scan. In general, most studies show 
that FDG-PET findings have an impact on prognosis and 
survival in patients with relapsed disease. Patients not 
showing response on FDG-PET scan can be considered for 
investigational therapy (58).

Role of MRI
Although PET/CT remains the corner stone for initial 

diagnosis, staging and response assessment in patients 
with DLBCL, MRI plays an important role in selected patient 
populations. MRI is particularly useful in patients with 
nervous system, bone marrow and musculoskeletal system 
involvement (Fig. 3). MRI is the imaging modality of choice 
in the work up of pediatric and pregnant patients with 
DLBCL, due to risk of exposure to ionizing radiation in 
diagnostic modalities like CT and PET/CT. 

Role of MRI in CNS Involvment by DLBCL
Central nervous system involvement in DLBCL can be 

primary or secondary. Primary CNS lymphomas (PCNSL) 
are B-cell type NHL, confined to the cranio-spinal axis, 
and without systemic involvement. DLBCL accounts for 
more than 90% of PCNSL (59, 60). CNS involvement in 
DLBCL typically involves the brain parenchyma, with less 
frequent involvement of the spinal cord, leptomeninges, 
pituitary gland, cranial nerves and the globe (61). The 
term “neurolymphomatosis” is used for involvement of the 
peripheral nervous system by lymphoma. In a retrospective 
analysis of 50 patients by the International Primary CNS 
Lymphoma Collaborative Group, the neural structures 
which were affected by lymphoma included peripheral 
nerves in 60%, spinal nerve roots in 48%, cranial nerves 
in 46%, plexus in 40%, and multi-site involvement in 58% 

(62). On MRI, lymphomatous lesions are usually hypo- 
or isointense to grey matter on unenhanced T1-weighted 
sequences, and often hypointense to grey matter on T2-
weighted sequences, due to high nuclear/cytoplasm 
ratio and hypercellularity. Most lesions show moderate to 
marked enhancement on contrast-enhanced T1-weighted 
images, with moderate surrounding vasogenic edema 
(Fig. 4). MRI is useful in patients with predominantly 
parenchymal involvement, as sensitivity of cerebrospinal 
fluid analysis is low in the absence of leptomeningeal 
disease. Secondary CNS involvment can occur in upto 40% 
of patients with high-grade NHL, particularly in settings 
of relapsed disease (63). Secondary CNS involvement in 
DLBCL occurs via hematogenous dissemination, meningeal 
involvement and direct extension. Leptomeningeal disease 
is more common in secondary CNS lymphoma than in the 
primary form. MRI findings in leptomeningeal involvement 
include leptomeningeal or dural enhancement, cranial nerve 
enlargement and enhancement, and hydrocephalus.

Although MRI is the diagnostic imaging modality of 
choice in PCNSL, FDG-PET will detect foci of involvement 
outside the brain in a significant number of patients. In a 
retrospective study of 166 PCNSL patients, 49 patients had 
body FDG-PET. NHL was found in 11% of all patients, in 
7% at time of diagnosis, and in 27% associated with CNS 
relapse (64). Although thebrain is highly FDG-avid due to 
itsdependence on glucose for energy, DLBCL in the brain 
presentsas highly metabolic lesions that are more avid than 
the surrounding normal brain parenchyma. Smaller lesions 
may be missed, and thus MRI is always indicated in cases of 
brain involvement of lymphoma. PET-MRI or fusion imaging 
is helpful when only subtle foci of increased metabolic 
activity are noted on FDG-PET scans.

Whole Body MRI Including WB-DWI
Diffusion weighted imaging (DWI) is a functional MRI 

technique which relies on differences in the mobility of 
water in different tissues. The corresponding apparent 
diffusion coefficient quantifies the mobility of water 
protons in tissues. Neoplasms, including lymphomas, exhibit 
more restricted water diffusion than normal tissues, which 
is reflected as high signal intensity on DWI. Whole-body 
MRI (WB-MRI) is a novel imaging technique which permits 
whole body imaging with high soft tissue resolution in a 
reasonable time frame using fast magnetic resonance pulse 
sequences. Although this initially involved acquisition of 
coronal short tau inversion recovery images of the whole 
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body, WB-MRI has evolved to include multiple sequences, 
including T1-weighted and DWI. WB-MRI is usually 
performed on a 1.5 Tesla or higher field strength. 1.5T 
images have the benefit of lower specific absorption rate 
and lesser magnetic field homogeneities, while 3T images 
have theadvantage of higher SNR and better spatial and 
temporal resolution. The acquisition time of a WB-MRI is 
similar or less than a PET/CT examination and is generally 
well tolerated by patients.

In patients with FDG-avid lymphoma, including DLBCL, 
DW-MRI has a sensitivity of 97%, for staging of the disease 
and is only slightly inferior to FDG-PET/CT (65). According 
to a prospective study of 36 children with newly diagnosed 
lymphoma, WB-DWI- MRI demonstrated sensitivity and 
specificity of 93% and 98% for nodal staging and 89% 
and 100% for extranodal staging, respectively (66). The 
recent introduction of WB combined PET and MRI (PET/MRI) 
offers the dual advantage of high soft tissue resolution 

Fig. 4. 74-year-old man with primary multifocal CNS DLBCL. 
A. Axial T1-weighted MR image shows large infiltrative mass involving the genu of corpus callosum and bilateral frontal deep white matter (arrow), 
which is nearly isointense to white matter. B. On corresponding axial fluid attenuated inversion recovery (FLAIR) MR image, mass is hyperintense 
to white matter, and there is extensive white matter edema in bilateral frontal lobes. C. Axial contrast-enhanced T1-weighted MR image shows 
heterogeneous enhancement of mass, as well as involvement of splenium of corpus callosum (arrow) and bilateral periventricular deep white 
matter (arrowhead). D, E. Post-treatment axial FLAIR (D) and contrast-enhanced T1-weighted MR images show near complete response with 
marked reduction in size and enhancement of mass (arrows). CNS = central nervous system, DLBCL = diffuse large B cell lymphoma
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Fig. 5. 65-year-old man with HIV presented with progressive fatigue and abdominal pain. 
A, B. Axial non-enhanced CT (A) and coronal FDG-PET (B) reveal an FDG-avid mass involving small bowel loop, causing aneurysmal dilatation 
without obstruction (arrow). C, D. Posttherapy axial non-enhanced CT (C) and coronal FDG-PET (D) reveal complete metabolic response with 
resolution of bowel wall thickening (arrow). CT = computed tomography, FDG = (F-18)2-fluoro-2-deoxy-D-glucose, HIV = human immunodeficiency 
virus, PET = positron emission tomography
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and functional information of MRI, as well as metabolic 
information of PET. In recent prospective comparative 
studies of FDG-PET/MRI and WB-DW-MRI, recearchers have 
found a similar performance and high concordance among 
both modalities in the clinical work-up of lymphomas (67, 
68). PET/MRI can accurately assess nodal and extranodal 
disease in patients with lymphoma and has the potential 
to become a viable alternative for lymphoma staging and 
follow-up.

DLBCL in Other Settings

DLBCL and HIV Infection
Diffuse large B cell lymphoma is the most common sub-

type of human immunodeficiency virus (HIV)-associated 
lymphoma, seen in approximately 40% of patients; other 
common subtypes include Burkitt (21%) and Hodgkin (18%) 
lymphoma (Fig. 5) (69). The pathogenesis of DLBCL in the 
setting of HIV infection has been linked to low CD4 counts, 
high HIV viral loads and a high prevalence of oncogenic 
viruses, particularly Epstein-Barr virus. Acquired immune 
deficiency syndrome (AIDS) related lymphomas have higher 
prevalence of extranodal disease, involvement of unusual 
locations and often present as advanced (stage III/IV) 
disease at initial diagnosis (69). HIV-associated DLBCL 
has some differentiating imaging features when compared 
to DLBCL in the general population. CNS lymphoma in 
HIV infected patients usually presents with multifocal 
lesions and has a more heterogeneous appearance due to 
central necrosis. CECT or MRI typically shows irregular and 
inhomogeneous contrast enhancement that is unusual in the 
HIV-seronegative population (70-72). In the thorax, solitary 
or multiple pulmonary nodules associated with cavitation 
are common imaging features of DLBCL in HIV patients. 
Associated mediastinal lymphadenopathy may also be seen 
(73). In the abdomen, HIV-related NHL is characterized by 
exuberant lymph node enlargement, along with a higher 
incidence of extranodal disease, including hepatic, splenic, 
omental and gastrointestinal tract involvement (74). 

In an immunocompromised state, it is not always 
possible to differentiate infective pathology from neoplastic 
lymphomatous involvement on morphological imaging. 
Although PET imaging may have added value, FDG uptake 
maybe seen in both neoplastic and infective pathologies, 
and thus limits its utility. Newer PET tracers such as 
fluorothymidine (FLT) mayexploit the ability of the tumor 
cell to undergo continuous proliferation, which could 

be helpful in differentiating infection from neoplastic 
involvement (75, 76). FLT is a fluorine-18 labeled analog of 
thymidine which undergoes phosphorylation by thymidine 
kinase-1 (77). Tumor cells have high expression of thymidine 
kinase-1 activity and thus show increased FLT uptake. In 
a study of 55 patients with lung nodules, FDG and FLT 
scans were performed, and the sensitivity and specificity of 
this dual tracer combination to differentiate benign from 
malignant pathology was 100% and 89.7%, respectively 
(78). However, there are some conflicting results of FLT 
uptake seen in inflammatory and granulomatous disease (79, 
80), and other tracers like Carbon-11 labeled methionine 
have been proposed for the differentiation of infection from 
neoplasm (79). Thus, combination dual tracer imaging may 
be useful in difficult scenarios, especially in patients with 
immumosupression, and in challenging situations, image-
guided biopsy maybe performed.

Richter’s Transformation
Richter’s transformation (Richter‘s syndrome) is an 

uncommon clinicopathological condition seen in about 
5–10% of patients with chronic lymphocytic leukemia 
(CLL)/small lymphocytic lymphoma, characterized by 
transformation into an aggressive lymphoma, usually 
DLBCL (Fig. 6) (81). Clinically, it is characterized by rapidly 
enlarging lymph nodes, hepatosplenomegaly, worsening 
“B” symptoms (fever, night sweats, and weight loss) and 
elevated serum LDH levels. PET/CT is useful in detecting 
lymph nodes having Richter’s transformation in CLL patients 
with both high sensitivity and negative predictive values 
(82). In a retrospective study of 37 patients with CLL, using 
a diagnostic cutoff of SUV greater than 5, PET/CT had overall 
sensitivity, specificity, and positive and negative predictive 
values of 91%, 80%, and 53% and 97%, respectively (83). 
FDG-PET is also useful in assessing prognosis in cases of 
Richter’s transformation. In a study of 332 patients with 
CLL, using PET/CT and histopathology, Falchi and coworkers 
found that patients with Richter’s transformation had 
higher SUVmax compared to histologically indolent CLL (84). 
An SUV > 10 was associated with poor survival. In patients 
with suspected Righter’s transformation, biopsy should aim 
to sample a lymph node with the highest metabolic activity 
on PET.

Intravascular Large B-cell Lymphoma
Intravascular large B-cell lymphoma (IVLBCL) is a rare 

subtype of extra nodal large B cell lymphoma, where there 
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is proliferation of lymphoma cells into the vascular lumen 
without involvement of surrounding organ parenchyma 
(85). It typically occurs in elderly persons and can involve 
vasculature of any organ, commonly the brain and the 
skin (86). IVLBCL is classified into the classical, visceral 
form of the disease (also referred to as the “Western form” 
of IVLBCL), a cutaneous variant, and an Asian variant 
(predominant bone marrow, liver, lungs and adrenal gland 
involvement) (87). The prognosis of IVLBCL is extremely 
poor (88). Contrast-enhanced MRI is the single most useful 
imaging modality to diagnose intravacular CNS lymphoma. 
On MR images it appears as multiple small infarcts and can 
be confused with CNS vasculitis. Other findings include 
nonspecific white matter lesions in the periventricular 
regions and pons, masslike lesions, and meningeal 
enhancement (89).

Surveillance in DLBCL

Surveillance in any disease is to detect disease relapse 
before it manifests clinically or before the patient 
becomes symptomatic. In Stage I and II DLBCL, the NCCN 
recommends clinical examination and blood tests every 3 
to 6 months for 5 years, and yearly after that, if clinically 
indicated (39). Imaging (with CECT) is recommended only if 
there are signs of disease relapse clinically or biochemically. 
In stage III and IV DLBCL, in addition to clinical and 
biochemical examination, CT scan is recommended every 6 

months for 2 years, and only if clinically indicated after this 
period. A decision-analytic Markov model to evaluate the 
cost-effectiveness of follow-up strategies following first-line 
immunochemotherapyshowed only minimal survival benefit 
of routine CT or PET/CT scans when compared with clinical 
follow-up alone, yet at a significantly higher cost (90). 
In another study of 680 patients with DLBCL, surveillance 
imaging detected DLBCL relapse before clinical evaluation 
inonly 1.6% of patients. There was no difference in survival 
found in patients detected to have relapse before scheduled 
follow-up versus at scheduled clinical follow-up, thus not 
supporting use of routine imaging in surveillance (91). 
The false-positive rate with PET scans is greater than 
20% which can lead to unnecessary further investigations 
including biopsies and additional cost burden. Also, there 
is associated patient anxiety and risk of radiation exposure 
involved. Thus, the existing evidence does notsupport 
routine surveillance scans, unless clinically indicated (42).

CONCLUSION

Diffuse large B cell lymphoma is the most common type 
of NHL and one of the most common malignancies seen 
in oncology clinics. Functional imaging with FDG-PET/
CT provides an in-vivo non-invasive method of assessing 
disease at the molecular level. The remarkable ongoing 
advances in precision medicine with development of 
targeted molecular agents help to facilitate personalized 

Fig. 6. 68-year-old man with CLL and transformation to DLBCL. 
A. Pre-treatment coronal contrast-enhanced CT image shows massive splenomegaly and enlarged mesenteric lymph nodes (arrow). B. Follow up 
study after chemotherapy shows treatment response evidenced by interval decrease in size of lymph nodes (arrow) and spleen. C. Axial contrast-
enhanced CT image after 6 months reveals new diffuse omental and peritoneal disease (arrows), as well as ascites, in setting of increasing LDH 
and lymphocytosis. Pathology was consistent with DLBCL. CLL = chronic lymphocytic leukemia, CT = computed tomography, DLBCL = diffuse large 
B cell lymphoma, LDH = lactate dehydrogenase
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therapeutic selection for each patient. Accurate 
pretreatment evaluation and response assessment are 
critical to the optimal management of patients with DLBCL. 
PET/CT plays a crucial role in management of these patients 
at various stages, including diagnosis, evaluation of disease 
burden, response assessment and detection of relapses/
recurrence. Other imaging modalities, including US and 
CT are particularly useful in aiding core biopsies where an 
excisional biopsy is not possible. MRI has an important 
role in CNS involvement of disease, as well as emerging as 
a radiation free alternative to PET/CT, particulary in young 
and pregnant patients. 
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