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Foreword

Clear and concise clinical indications for PET/CT in the management of the oncol-
ogy patient are presented in this series of 20 separate booklets. The impact on better
staging, tailored management and specific treatment of the patient with cancer has
been achieved with the advent of this multimodality imaging technology. Early and
accurate diagnosis will always pay, and clear information can be gathered with PET/
CT on treatment responses. Prognostic information is gathered and can forward
guide additional therapeutic options.

It is a fortunate coincidence that PET/CT was able to derive great benefit from
radionuclide-labelled probes, which deliver good and often excellent target to non-
target signals. Whilst labelled glucose remains the cornerstone for the clinical ben-
efit achieved, a number of recent probes are definitely adding benefit. PET/CT is
hence an evolving technology, extending its applications and indications. Significant
advances in the instrumentation and data processing available have also contributed
to this technology, which delivers high throughput and a wealth of data, with good
patient tolerance and indeed patient and public acceptance. As an example, the role
of PET/CT in the evaluation of cardiac disease is also covered, with an emphasis on
labelled rubidium and labelled glucose studies.

The novel probes of labelled choline, labelled peptides, such as DOTATATE,
and, most recently, labelled PSMA (prostate-specific membrane antigen) have
gained rapid clinical utility and acceptance, as significant PET/CT tools for the
management of neuroendocrine disease and prostate cancer patients, notwithstand-
ing all the advances achieved with other imaging modalities, such as MRI. Hence, a
chapter reviewing novel PET tracers forms part of this series.

The oncological community has recognised the value of PET/CT and has deliv-
ered advanced diagnostic criteria for some of the most important indications for
PET/CT. This includes the recent Deauville criteria for the classification of PET/CT
patients with lymphoma—similar criteria are expected to develop for other malig-
nancies, such as head and neck cancer, melanoma and pelvic malignancies. For
completion, a separate section covers the role of PET/CT in radiotherapy planning,
discussing the indications for planning biological tumour volumes in relevant
cancers.

vii



viii Foreword

These booklets offer simple, rapid and concise guidelines on the utility of PET/
CT in a range of oncological indications. They also deliver a rapid aide memoire on
the merits and appropriate indications for PET/CT in oncology.

London, UK Peter J. Ell, FMedSci, DR HC, AQA



Preface

The Hybrid Imaging with PET/CT and SPECT/CT combines best of function and
structure to provide accurate localisation, characterisation and diagnosis. There is
extensive literature and evidence to support PET/CT, which has made significant
impact in oncological imaging and management of patients with cancer. The evi-
dence in favour of SPECT/CT especially in orthopaedic indications is evolving and
increasing.

The Hybrid Imaging (PET/CT and SPECT/CT) pocketbook series is specifically
aimed at our referring clinicians, nuclear medicine/radiology doctors, radiogra-
phers/technologists and nurses who are routinely working in nuclear medicine and
participate in Multi-Disciplinary Meetings. This series is the joint work of many
friends and professionals from different nations who share a common dream and
vision towards promoting and supporting nuclear medicine as a useful and impor-
tant imaging speciality.

We want to thank all those people who have contributed to this work as advisors,
authors and reviewers, without whom the book would not have been possible. We
want to thank our members from the BNMS (British Nuclear Medicine Society,
UK) for their encouragement and support, and we are extremely grateful to Dr.
Brian Nielly, Charlotte Weston, the BNMS Education Committee and the BNMS
council members for their enthusiasm and trust.

Finally, we wish to extend particular gratitude to the industry for their continuous
support towards education and training.

London, UK Gopinath Gnanasegaran
London, UK Jamshed B. Bomanji
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1.1 Non-Hodgkin’s Lymphoma

Non-Hodgkin’s Lymphoma (NHL) arises from the lymphoid system and is grouped
as B and T cell lymphomas. They represent 4% of all the cancers in USA [1].

H. Jain (P4) - A. Zawar - J. Thorat
Department of Medical Oncology, Tata Memorial Hospital, Homi Bhabha National Institute,
Mumbai, India
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1.1.1 Biology of Lymphomas
Lymphomas originate from the lymphocytes at various stages of their development
(Table 1.1).
1.1.2 Risk Factors
In more than 90%, the exact cause is unknown. However, in a small subset a specific
etiology can be identified (Table 1.2).
The specific diagnosis can be suspected based on
1. The extent of adenopathy, i.e., localized or generalized.
2. Presentation (Table 1.3).
1.1.3 WHO Classification of NHL: (Table 1.4)
1.1.3.1 Clinical Features in NHL
The clinical course can be indolent or aggressive depending on the subtype. Early bone

marrow involvement, extra-axial nodes, and extra nodal sites with noncontiguous dis-
semination characterize NHL. Majority of them present with painless adenopathy and

Table 1.1 The classification of B- and T-cell lymphoma according to the cell of origin

B cell Normal counterpart Disease
Bone Progenitor B cell B lymphoblastic leukemia/lymphoma
marrow Precursor B cell
Immature B cell
Lymph Naive B cell CLL/SLL
node Pre-germinal center Mantle cell lymphoma
Germinal center B cell Follicular lymphoma, Burkitt’s lymphoma,
DLBCL, Hodgkin’s lymphoma
Marginal zone B cell Marginal zone and MALT lymphoma
Lymphoplasmacytic lymphoma
CLL/SLL (some)
Plasma cell Plasma cell myeloma
T cell Precursor cell Disease
Thymus  Double negative T cells T lymphoblastic leukemia/lymphoma

(No CD4/8 and non-rearranged
T cell receptor-TCR)

Double positive

(CD4, 8 and express complete

TCR)
Lymph THI cells Peripheral T-cell lymphoma NOS (subset)
node TH2 cells Subset of PTCL, NOS

Follicular helper T cells Angioimmunoblastic T-cell lymphoma

PTCL-FHT cell type
Regulatory T cells Adult-T cell leukemia/lymphoma
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Table 1.2 Risk factors associated with lymphoma

Viral infection
EBV

HTLV-1

HHV-8

Hepatitis C virus

Hepatitis B virus

Bacterial infection

Helicobacter pylori

Chlamydia psittaci

Borrelia burgdorferi/afzeliti
Campylobacter jejuni

Primary immunodeficiency
Ataxia-telangiectasia
Wiskott-Aldrich syndrome

X-linked lymphoproliferative syndrome
Severe combined immunodeficiency

Acquired conditions of immunodeficiency
HIV infections

Organ or stem cell transplantation

Autoimmune and rheumatologic disease
Rheumatoid arthritis

Systemic lupus erythematosus
Sjogren’s syndrome

Celiac disease

Hashimoto’s thyroiditis
Environmental or occupational
Herbicides/pesticides

Anti TNF
Phenytoin/carbamazepine
Breast implant associated

Burkitt’s lymphoma, Post-transplant
lymphoproliferative disorder

Adult T-cell leukemia/lymphoma

Kaposi sarcoma, Primary effusion lymphoma
Splenic marginal zone lymphoma

Diffuse large B- cell lymphoma

Gastric Maltoma

Orbital Maltoma

Cutaneous Maltoma

Immunoproliferative small intestinal disease

Both B & T Cell NHL

DLBCL, NHL of larynx

NHL

NHL, HL, EBV associated Burkitt’s
lymphoma

DLBCL, Burkitt’s Elymphoma, primary CNS
Elymphoma, Plasmablastic lymphoma,
primary effusion lymphoma

Post-transplant lymphoproliferative
disorder(PTLD)

Hodgkin’s lymphoma, PTCL, TLGL

DLBCL

Marginal zone lymphoma, Lymphoplasmacytic
lymphoma, DLBCL

Intestinal T- cell lymphoma

Follicular center cell lymphoma

Non- Hodgkin’s lymphoma

B cell NHL, Hepatosplenic yd T lymphoma
Pseudo lymphoma and malignant lymphoma
ALCL

extra nodal involvement can be detected in up to 40%. Systemic Ssymptoms occur in
approximately 25%. Cytopenias (rare) occur due to marrow involvement, immune
mediated, hypersplenism, or hemophagocytic lymphohistiocytosis.

1.1.3.2 Workup for NHL (Table 1.5)

PET using 18-Fluorodeoxyglucose is used to stage and assess response to therapy.
It improves accuracy of staging for both nodal and extra nodal compared to CT scan
leading to change in stage in 10-30%. Interim PET scan positivity has shown infe-
rior outcome in Hodgkin’s lymphoma [3] but failed to predict outcome in DLBCL
[4, 5]. 18-FDG uptake varies according to histology and proliferative activity with
less uptake in indolent lymphoma than aggressive.
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Table 1.3 Differential diagnosis based on pattern of presentation and extra nodal site of

involvement

A. Based on pattern of presentation

Presentation
Extent
Localized

Generalized

Aggressive

DLBCL

Burkitt’s lymphoma

ALCL

DLBCL

Lymphoblastic lymphoma
PTCL

ALCL

Mantle cell lymphoma
Follicular lymphoma grade III

B. Based on extra nodal site involvement

S1. No
1.

Site
Skin

CNS

GIT

Splenomegaly predominant

Ocular and extra ocular

AIHA

Indolent

HL/NLPHL

Follicular lymphoma

Nodal MZL

CLL

IFIL

Splenic MZL

Hairy cell leukemia
Lymphoplasmacytic lymphoma
Mycosis Fungoides

T-cell LGL

Entities

Primary cutaneous lymphoma
ALCL

AITL

ATLL

T-PLL

DLBCL

BL

Dural marginal zone lymphoma
LPL—Bing—Neel syndrome
T-cell lymphoma- ATLL,T-PLL
DLBCL

Burkitt’s lymphoma

Mantle cell lymphoma
Maltoma

Follicular lymphoma

EATL

Heavy chain disease

Mantle cell lymphoma

SMZL

Hairy cell leukemia

T-PLL

Lymphoplasmacytic lymphoma
HSTL

HCL variant

Follicular lymphoma

DLBCL

PCNSL

Maltoma

CLL/SIEL

Follicular lymphoma

AITL
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Table 1.4 WHO classification of NHL [2]

Mature B cell neoplasms
Aggressive neoplasms

Diffuse large B-cell lymphoma: Variants, subgroups,

and subtypes

Diffuse large B-cell lymphoma (DLBCL), NOS
Germinal center B-cell type

Activated B-cell type

Diffuse large B-cell lymphoma subtypes
T-cell/ histiocyte-rich large B-cell lymphoma
Primary DLBCL of the CNS

Primary cutaneous DLBCL, leg type
DLBCL associated with chronic inflammation
HHYV8-positive DLBCL, NOS

EBV-positive DLBCL, NOS

Other lymphomas of large B cells

Primary mediastinal large B-cell lymphoma
Intravascular large B-cell lymphoma
EBV-positive mucocutaneous ulcer
ALK-positive large B-cell lymphoma
Plasmablastic lymphoma

Multicentric Castleman disease

Primary effusion lymphoma

B-cell lymphoma, unclassifiable, with features

intermediate between DLBCL and classical Hodgkin

lymphoma

High-grade B-cell lymphoma, with MYC and BCL2 and/

or BCL6 rearrangements
High-grade B-cell lymphoma, NOS
Burkitt’s lymphoma

Mantle cell lymphoma

Indolent lymphomas

Mature T cell neoplasms
Leukemic or disseminated
T-cell large granular lymphocytic
leukemia

Chronic lymphoproliferative
disorders of NK cells T-cell
T-cell prolymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell leukemia/lymphoma
Extra nodal

Extra nodal NK/T-cell lymphoma,
nasal type

Enteropathy-type T-cell lymphoma
Hepatosplenic T-cell lymphoma
Breast implant-associated
anaplastic large-cell lymphoma
Cutaneous

Mycosis fungoides

Sezary syndrome

Primary cutaneous anaplastic
large-cell lymphoma
Lymphomatoid papulosis
Subcutaneous panniculitis-like
T-cell lymphoma

Primary cutaneous yd T-cell
lymphoma

Nodal

Peripheral T-cell lymphoma
(PTCL), NOS
Angioimmunoblastic T-cell
lymphoma (AITL)

Follicular T-cell lymphoma
Nodal peripheral T-cell lymphoma
with TFH phenotype

Anaplastic large-cell lymphoma
(ALCL), ALK positive
Anaplastic large-cell lymphoma,
ALK negative

(continued)



6 H.Jainetal.

Table 1.4 (continued)

Mature B cell neoplasms Mature T cell neoplasms
Follicular lymphoma

Extra nodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT)

Nodal marginal zone lymphoma

Splenic marginal zone lymphoma
Lymphoplasmacytic lymphoma

Heavy chain disease

Plasma cell neoplasms

CLL/SLL

Monoclonal B-cell lymphocytosis

B-cell prolymphocytic leukemia (PLL)

Hairy cell leukemia

Table 1.5 Staging work up

Staging workup for lymphoma

Initial studies

History and physical examination (including B symptoms, any immunosuppression,
autoimmune disease, HIV)

Complete blood count with peripheral smear examination

Biochemistry—Renal function with uric acid and liver function tests

Lactate dehydrogenase and/ or f,microglobulin

Hepatitis B, C and HIV Serologies

Tumor biopsy preferably excisional with histopathology

Site preferred for biopsy—cervical > axillary > inguinal

Immunohistochemistry of tumor specimen

Cytogenetic analysis of tumor specimen (if lymphoma associated translocations suspected)
PET/CT scans for FDG avid lymphomas

Contrast enhanced CT scan of neck, chest, abdomen, and pelvis (FDG non-avid lymphomas)
Cardiac ejection fraction measurement (anthracycline based therapy)

Pregnancy testing in women of child bearing age

Additional studies in selected cases

Bone marrow study with aspiration and biopsy

Lumbar puncture with cytology and flow cytometry

Magnetic resonance imaging of brain if neurologic signs or symptoms
Immunoglobulin and TCR gene rearrangement studies

18-FDG PET scan can be used for staging in FDG-avid lymphomas such as
DLBCL, Hodgkin’s lymphoma, Follicular lymphoma whereas in non-FDG avid
lymphomas, a contrast-enhanced CT scan is preferred.

The current staging system for NHL in adults is the Lugano classification [6].
Stage I involves one node or a group of adjacent nodes or single extra nodal lesion
without nodal involvement. Stage II involves two or more lymph node regions on
the same side of the diaphragm or Stage II by nodal extent with limited contiguous
extra nodal extension. Limited stage (I or II) lymphomas that affect an organ out-
side the lymph system (an extra nodal organ) have an E added (for example, stage
IIE). Stage III is involvement of lymph node regions on both sides of the
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diaphragm, nodes above the diaphragm with or spleen involvement. Stage IV is
widely spread into at least one organ outside the lymph system, such as the bone
marrow, liver, or lung.

1.1.4 PrognosticIndices (Table 1.6)

The International prognostic index (IPI) applies for untreated aggressive NHL with
1 point assigned to each factor and score of 1, 2, 3, and 4 to 5 correspond to 5 year
survival of 73%, 51%, 43%, and 26%, respectively, in the pre-rituximab era [7]. The
Revised IPI(R-IPI) was developed to predict the outcome of individuals receiving
rituximab with chemotherapy [8].

Table 1.6 Prognostic indices

R-IPI (1 point
each)
Age > 60 years

Performance
status >2

LDH above
normal

Ann Arbor stage
III or IV

Number of extra
nodal sites >1

Risk
group—23 year
(O}

0-1—91

2—81

3—65
4-5—59

NCCN IPI (1 point each)
Age 41-60 years—1 point
Age > 60-75 years—2 point

Age > 75 years—3 point

Performance status >2—1 point

LDH ratio 1-3—1 point

LDH ratio > 3—2 point

Ann Arbor stage III or IV

Extra nodal disease involving the
bone marrow, central nervous
system, liver/gastrointestinal tract,
or lung — 1 point

Risk group—S5 year OS

0-1—96
2-3—77
4-5—56
>5—35

FLIPI (1 point
each)
Age > 60 years

Hemoglobin
<12 g/L.

LDH above
normal

Stage III or IV

Number of
nodal sites >4

Risk
group—2 year
oS

0-1—98
2—94

>3—87

MIPI (Simplified)

Age < 50 years—0
point

Age

50-59 years—Ipoint
Age 60—69 years—2
point

Age > 70 years—3
point

Performance status
0—1—0 point
Performance status
2-4—2 point
LDH:ULN ratio
<0.67—0 point
0.67-0.99—1 point
1.00-1.49—2 point
>1.50—3 point
Leucocyte count
(10°/L) <6.7—0
point

06.7-9.9—1 point
10.0-14.9—2 point
>15.0—3 point

Risk group—S5 year
0S

0-3—60
4-5—35
6-12—20
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The National Comprehensive Cancer Network (NCCN)-IPI incorporates detailed
information about the clinical variables used in the original IPI [9]. The Follicular
Lymphoma International Prognostic Index (FLIPI) and Mantle Cell Lymphoma
International Prognostic Index (MIPI) have been found to reliably predict survival
in follicular lymphoma [10] and mantle cell lymphoma [11].

1.1.5 Specific Features of Common Subtypes

1.1.5.1 Follicular Lymphoma

Epidemiology and pathology: The most common indolent lymphoma with a median
age of presentation of 64 years, and a female predominance [12]. FLs are derived
from germinal center B cell and graded based on centroblasts per high power field:
Grade 1-2 (0-15), Grade 3 A(>15) centroblasts present and 3B with sheets of cen-
troblasts [13].

Clinical features: Asymptomatic lymphadenopathy, extra nodal disease is less
common, B symptoms present in 20% cases and bone marrow involvement seen in
70% cases.

Immunophenotype: FL cells express CD 10, CD 20, and BCL-6 and anti-
apoptotic protein BCL 2. The overexpression of anti-apoptotic BCL2 is mediated by
t (14:18) which juxtaposes BCL2 gene to the Ig heavy chain locus in 85% cases.

Evaluation: PET/CT scan is particularly useful to stage or to identify the site for
biopsy in suspected transformed disease.

1.1.5.2 DLBCL
Epidemiology: Most common NHL subtype [2] with median age of 65 years and
male predominance.

Clinical features: Nodal or extra nodal disease and bone marrow involvement in
fewer than 10% cases.

Immunophenotype: B cell markers CD 19, 20, 22 & 79a and germinal B cell
markers include CD 10, BCL6. CD5 and BCL2 are variable positive. Rearrangements
in the MYC oncogene are found in ~15% of DLBCL and are associated with BCL2
or BCL6 and termed as “double hit” lymphomas or “triple hit” when all three are
present.

Evaluation: Bone marrow biopsy is not recommended if bone marrow involve-
ment is indicated by PET and if imaging is negative it is appropriate to consider
biopsy. CSF analysis is to be considered with clinical features of CNS disease,
high CNS IPI (4-6), 2 or more extra nodal disease sites irrespective of CNS IPI
and testicular, renal/adrenal or intravascular involvement, double hit/triple hit
lymphoma.

1.1.5.3 Specific Clinicopathologic Entities of DLBCL

Primary mediastinal(thymic) large B-cell Lymphoma—Both clinically and bio-
logically more closely resemble classical HL, with median age of presentation of
35 years and female preponderance [14].
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T-cell/ histiocyte-rich large B-cell lymphoma—Uncommon variant (<10%) of
DLBCL; mainly in middle-aged males [15].

1.1.6 Primary CNS Lymphoma

Epidemiology: 1% of all NHL, with median age of 65 years and male predomi-
nance. Risk factors include immunosuppression, HIV infection, and autoimmune
disease.

Clinical features: Neurocognitive symptoms are most common, focal neurodefi-
cits as per site are common presentation.

Immunophenotype: B cell markers CD 19, 20, 22 positive, BCL2 variable, BCL
6 + (50%), CD 10 negative. 95% of PCNSLs are DLBCL [16].

Evaluation: CSF, bone marrow studies, and contrast enhanced MRI Brain & sys-
temic imaging to determine disease extent. Slit lamp examination and stereotactic
needle biopsy of brain are indicated in most of cases. Prognostication done using
IELSG score (age, PS, LDH, deep seated brain tumors, and elevated CSF pro-
teins) [17].

1.1.7 Marginal Zone Lymphoma

Epidemiology and pathology: Indolent neoplasm of mature post-germinal center B
lymphocytes [18]. About 10% of all NHL with three subtypes nodal, extra nodal,
and splenic MZL.

MZL arise with chronic antigenic stimulation due to pathogens or autoimmune
diseases; or translocations result in Ag independent activation of NF-kB.

Clinical features: They vary as per the site of involvement, for example, lymph-
adenopathy (Nodal MZL), orbital mass, parotid mass, cough (bronchial MZL), skin
nodules (Cutaneous MALT), epigastric pain (Gastric MALT), intestinal obstruction
(SI), splenomegaly (splenic MZL), and B symptoms.

Immunophenotype: Cell markers CD19, 20, 22; CD 5, 10, cyclin D1 negative.

Cytogenetics [19]: Most common is t(11;18), other t(1;14), t(14;18).

Evaluation: Baseline evaluation as suggested above with SPEP (paraprotein
often present) should be considered. BM aspirate and biopsy in splenic MZL show
intrasinusoidal lymphocytic infiltration. Upper GI endoscopy in Gastric MALT for
biopsy and H. pylori testing.

Imaging with Contrast CT Chest/abdomen/pelvis; MRI orbits (Ocular MALT).
FDG PET scan not considered.

1.1.8 Mantle Cell Lymphoma

Epidemiology and pathology: 6% of all NHL with male predominance and median
age of 70 years.
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Clinical features: Clinical behavior is intermediate between indolent and
aggressive with strong tendency to present in advanced stage.
Lymphadenopathy with extra nodal involvement is common including bone
marrow involvement.

Immunophenotype: CD 19, 20 (B cell markers), CD5 (aberrant expression of T
cell) but negative for CD200/23 (CLL) or CD 10(FL).

Cytogenetics: t(11; 14) which juxtaposes cyclin D1 with Ig heavy chain locus is
the hallmark (overexpression of cyclinD1).

Evaluation: Peripheral blood flow/bone marrow biopsy as leukemic phase dis-
ease is common, and pan-endoscopy as GI tract is commonly involved. Ki67 (>30%
or <30%), p53 abnormality, and SOX 11 expression are prognostic factors and pre-
dict for aggressive disease.

1.1.9 Burkitt's Lymphoma

Among the most aggressive of all human malignancies with acute onset, rapid dou-
bling time <24 h, and B symptoms.

Epidemiology and pathology: Arise from germinal center B cell, with transloca-
tions that dysregulate MYC expression by placing it under control of Ig gene
enhancer. Histology shows monotonous sheet of medium sized atypical B cells,
extensive necrosis, frequent mitosis (Ki67 95%), and classic starry sky pattern
(Sky—Burkitt’s cells with lipid droplets and starry—macrophages with apoptotic
debris within).

Distinct clinical forms:

Endemic—In equatorial Africa with strong association for EBV, male predomi-
nance and commonly presents as jaw mass.

Sporadic—30% of pediatric lymphoma and <1% of adult NHL with peak age
11 years and 30 years, respectively. Commonly extra nodal presentation as abdomi-
nal lump.

Immunodeficiency associated—In HIV positive & EBV negative, CD4 indepen-
dent, HAART has no impact on incidence and usually present in adult with both
nodal and extra nodal disease.

Immunophenotype: CD19, 20, 22 positive (B cell markers), CD 10 & Bcl-6 posi-
tive (germinal center).

Characterized by MYC translocation t(8;14) in 85% cases or t(2;8) or t(8;22).

Evaluation: Bone marrow study and lumbar puncture to rule out CNS involve-
ment. Imaging with contrast enhanced thorax, abdomen, and pelvis to determine
disease extent.

1.1.10 Hairy Cell Leukemia

Epidemiology and pathology: 2% of all leukemia with median age of presentation
of 50 years and male predominance.
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Clinical features: Constitutional symptoms with massive splenomegaly and
symptomatic cytopenias. Immunophenotype: Mature B cell markers present are
CD19, 20, 22 with CD25; aberrant expression of CD 11c, CD103, CD123.

Evaluation: Peripheral smear shows small-medium size mononuclear cells with
finger like projections (hairy cells), BM biopsy is hypercellular within filtrating
hairy cells; abundant cytoplasm surrounding the nuclei give the appearance of fried
egg. Often the bone marrow aspirate is dry tap.

1.1.11 Peripheral T-Cell Lymphoma

10% of all NHL, male predominance and median age of 65 years.

Aggressive neoplasms arising from mature T lymphocytes and NK Cells with
poor response to chemotherapy and OS relative to B cell, exception ALCL, skin
limited mycosis fungoides have excellent prognosis. Presentation is prominent B
symptoms with pruritus, generalized lymphadenopathy, hepatosplenomegaly; extra
nodal disease and 70% have advanced disease.

Investigations: Baseline NHL workup and other tests to be considered are
coombs test (if AIHA suspected), HTLV 1 serology (ATLL), Serum EBV PCR
(NK/T-cell Lymphoma). Imaging with PET CT scan for disease extent.

1.1.11.1 Types
PTCL NOS: MC subtype of PTCLs, accounting for 30% of cases.

AITL (Angioimmunoblastic T-Cell Lymphoma): Account for 15-20% of
cases with median age of 65 years.

ALCL (Anaplastic Large-Cell Lymphoma): CD 30 positive subtype of PTCL
with two biologically distinct diseases; ALK positive ALCL that overexpresses
ALK due to t(2;5) and ALK negative ALCL.

ALK positive usually present in young age group and has better prognosis com-
pared to ALK negative ALCL.

Primary cutaneous ALCL: Indolent behavior, predominant dermatologic
involvement. Second most common type of CTCL with median age of presentation
is 60 years but favorable outcomes.

Breast implant associated ALCL: ALCL associated with implants (silicone
and saline) with CD30 + and ALK negative. Typical localized presentation with
unexplained seroma or capsular thickening.

Extra nodal NK/T-cell lymphoma: Mainly seen in Asian males aged
40-50 years and associated with EBV. Typically involves midline sinus/palate but
involvement of other sites can occur.

ATLL (Adult T-Cell Lymphoma & Leukemia): Endemic in Southwestern
Japan, Caribbean basin where HTLV-1 prevalence is high. There are four clinical
variants: Acute, lymphoma type, chronic, and smoldering. The most common is the
acute form with elevated white blood count, skin rash, lymphadenopathy, hepato-
splenomegaly, pulmonary infiltrates, and hypercalcemia with or without lytic bone
lesions.
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1.1.12 Cutaneous T-Cell Lymphoma (CTCL)
5% of NHL with primary involvement of skin.

1.1.12.1 Types
Mycosis fungoides (MF): Most common CTCL (50%) with indolent clinical
course and primary involvement of skin. In early stage appears as plaques or patches
with pruritus and gradually evolves to diffuse erythroderma or tumor usually associ-
ated with adenopathy. Extra cutaneous involvement occurs in advanced stage of
disease with histologic transformation.

Sezary Syndrome (SS): Characterized by erythroderma, generalized lymphade-
nopathy, presence of Sezary cells in skin, lymph nodes, and peripheral blood.

1.2  Summary and Conclusions
Non-Hodgkin lymphomas encompass several subtypes with unique clinical, bio-
logical characteristics. A multidisciplinary approach is essential for correct diagno-

sis, staging, and management.

Acknowledgement Dr. Krishna Prasad for simplifying the concepts of lymphoma.
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2.1 Introduction

Lymphomas are a heterogenous group of malignancies of lymphoid tissue with
diversity in cellular origin, morphology, immunophenotype, cytogenetics, molecu-
lar abnormalities, differential treatment response, and prognosis. They are charac-
terized by clonal proliferation of mature and immature lymphoid cells, primarily
involve lymphoreticular organs and can also populate bone marrow/blood. Primary
presentation with involvement of the bone marrow and/or blood is referred to as
leukemias, while those restricted to the lymphatic system are referred to as lympho-
mas. However, they share common biological features and are not distinct, i.e.,
overlapping of their presentations can occur which may depend on the stage of the
disease, both may have peripheral lymphocytosis and bone marrow involvement.
Based on the clinicopathological and biological features, they are classified into two
broad categories—Hodgkin and non-Hodgkin lymphoma (Table 2.1). Hodgkin
lymphomas are not discussed in this chapter.
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Table 2.1 Comparison of Hodgkin and non-Hodgkin lymphoma

Features
Histology

Hodgkin lymphoma Non-Hodgkin lymphoma
The neoplastic cells are in minority The neoplastic cells are the
and comprise approximately1% of the predominant cellular

all cells composition

Typically localized to a specific group Usually disseminated

of nodes among >1 nodal group
Spread Contiguous fashion Non-contiguously

Nodal involvement

Effect on Waldeyer ring
and mesenteric lymph
nodes

Usually does not affect

Commonly affects
mesenteric nodes
May affect Waldeyer ring

Extranodal involvement  Infrequent

Stage at diagnosis Usually early

Age-group Bimodal peak; children and young
adults more common

Histologic classification ~ Usually one with a favorable

in children prognosis

Frequent

Usually advanced
Commonly in older and
elderly population
Usually aggressive

Non-Hodgkin lymphomas (NHLs) are one of the common prevalent cancers.
The risk factors for its occurrence include immunological disturbances (autoim-
mune disorders, chronic inflammatory states, etc.), viral (HIV, EBV, HCV, H. pylori,
etc.), environmental (pesticides, herbicides, smoking, etc.) and genetic factors
(SCID, Klinefelters, etc.).

2.2  Classification and Diagnosis

Classification of non-Hodgkin lymphoma is continuously evolving which is by
itself reflective of continuous emergence of new insights into the biological basis
and cell of origin concepts. The 2017 WHO classification is the currently followed
system which is essentially in principle with the updated REAL classification,
incorporates morphology, immunophenotype, genotype, and cytogenetics for defin-
ing an entity [1, 2]. There are more than 60 distinct subtypes of lymphoid cell neo-
plasms listed in the current WHO classification (Tables 2.2 and 2.3) [1]. Based on
the type of lymphocyte or immune cell involved, they are classified either of mature
or immature B/T-lymphoid cell types, NK-cell type, and histiocyte/dendritic cell
types. These are further subtyped based on the stage of differentiation and biologi-
cal properties of the neoplastic B-cells, T-cells, or NK-cells, however as NK-cells
share certain biological similarities with T-cells are often considered together [3].
The neoplastic cells in most of the B and T-cell neoplasms can be recapitulated
to the normal stage of differentiation with few exceptions like hairy cell leukemia,
where the corresponding differentiation stage cannot be ascertained (Fig. 2.1) [3].
Based on the differentiation stages, they can be precursor/blastoid lymphoid neo-
plasms or of mature B and T/NK cell neoplasms (Tables 2.2 and 2.3) The precursor
neoplasms can be of leukemic or lymphomatous in presentation but are considered
to be spectrum of same biological entity and treated similarly. The B-lymphoblastic
is predominantly leukemic but T-lymphoblastic can present either in lymphomatous
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Table 2.2 Precursor lymphoid neoplasms listed in the current WHO classification

B-lymphoblastic leukemia/lymphoma, NOS

B-lymphoblastic leukemia/lymphoma with t(9;22)(q34.1;q11.2); BCR-ABL 1
B-lymphoblastic leukemia/lymphoma with t(v; 11 q23.3); KMT2A-rearranged
B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;q22.1); ETV6-RUNX1
B-lymphoblastic leukemia/lymphoma with hyperdiploidy

B-lymphoblastic leukemia/lymphoma with hypodiploidy (hypodiploid ALL)
B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;q32.1); IGH/IL3
B-lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
B-lymphoblastic leukemia/lymphoma, BCR-ABL1-like

B-lymphoblastic leukemia/lymphoma with lymphoma iAMP21
T-lymphoblastic leukemia/lymphoma

Early T-cell precursor lymphoblastic leukemia

NK-lymphoblastic leukemia/lymphoma*

Listed as provisional entity in the current 2017 WHO classification

or leukemic forms. The mature B-cell NHLs are more prevalent, the T/NK-cell-

NHLs are uncommon, while the histiocyte/dendritic cell tumors are rare.

Diagnosis of the non-Hodgkin lymphomas is essentially based on the micro-
scopic examination of the involved tissue/bone marrow/blood, which include the
basic evaluation for morphological features, immunophenotypic (immunohisto-
chemistry on tissue, while flow cytometry on fluid samples) characterization, and

cytogenetic/molecular characterization, wherever it is indicated.

1. Morphological features: Microscopic evaluation for various features forms the

cornerstone in evaluation for lymphomas. The features need to be evaluated are
patterns of the effacement (diffuse/partial/sinusoidal, etc.), architecture of the
disease (diffuse/follicular/nodular), composition of the neoplastic cells (mono-
morphous/polymorphous), type/size of the neoplastic cells (blastoid/non-
blastoid, small, intermediate or large-sized, centroblastic, immunoblastic,
plasmablastic, etc.), and other features (mitotic activity, necrosis, angiocentric-
ity, etc.). These features serve as the basis for further characterization.

. Immunophenotypic evaluation: Done for lineage determination and helps in
establishing stage of the maturation of the neoplastic cells. It is done by immu-
nohistochemistry (IHC) and/or flow cytometry (FCM)—IHC is normally per-
formed on formalin-fixed and paraffin-embedded tissue and FCM can be
evaluated only on fresh unfixed tissue/fluid samples. FCM has the advantage of
being faster and better at simultaneously identifying co-expression of multiple
markers on the same cell populations. However, certain markers can only be
evaluated by IHC. The characterization of lymphomas into B-, T-, or NK-cell
types is by immunophenotypic analysis and also for further typing. Typical pan
B-cell antigens include PAXS, CD19, CD20, and CD79a and typical pan T-cell
antigens include CD2, CD5, and CD7. The precursor or blastic immature lym-
phomas express one or more of TdT and/or CD34 (T-lymphoblastic lymphoma
may also co-express CDla).

. Cytogenetic and Molecular evaluation can help in cases where the morphologic
and immunophenotypic analysis is inconclusive or indeterminate—e.g.,
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Table 2.3 2016 WHO classification of mature lymphoid cell neoplasms

Mature B-cell neoplasms Mature T and NK neoplasms

Chronic lymphocytic leukemia/small lymphocytic lymphoma
Monoclonal B-cell lymphocytosis
B-cell prolymphocytic leukemia
Splenic marginal zone lymphoma
Hairy cell leukemia
Splenic B-cell lymphoma/leukemia, unclassifiable
Splenic diffuse red pulp small B-cell lymphoma
Hairy cell leukemia-variant
Lymphoplasmacytic lymphoma
Waldenstrom macroglobulinemia
Monoclonal gammopathy of undetermined significance
(MGUS), IgM
u heavy-chain disease
y heavy-chain disease
o heavy-chain disease
Monoclonal gammopathy of undetermined significance
(MGUS), IgG/A
Plasma cell myeloma
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Monoclonal immunoglobulin deposition diseases
Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma)
Nodal marginal zone lymphoma
Pediatric nodal marginal zone lymphoma
Follicular lymphoma
In situ follicular neoplasia
Duodenal-type follicular lymphoma
Pediatric-type follicular lymphoma
Large B-cell lymphoma with IRF4 rearrangement
Primary cutaneous follicle center lymphoma
Mantle cell lymphoma
In situ mantle cell neoplasia
Diffuse large B-cell lymphoma (DLBCL), NOS
Germinal center B-cell type
Activated B-cell type
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system (CNS)
Primary cutaneous DLBCL, leg type
EBV+ DLBCL, NOS
EBV+ mucocutaneous ulcer
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
Primary effusion lymphoma
HHV8+ DLBCL, NOS
Burkitt lymphoma
Burkitt-like lymphoma with 11q aberration
High-grade B-cell lymphoma, with MYC and BCL2 and/or
BCL6 rearrangements
High-grade B-cell lymphoma, NOS
B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and classical Hodgkin lymphoma

T-cell prolymphocytic leukemia
T-cell large granular lymphocytic
leukemia
Chronic lymphoproliferative disorder of
NK-cells
Aggressive NK-cell leukemia
Systemic EBV+ T-cell lymphoma of
childhood
Hydroa vacciniforme-like
lymphoproliferative disorder
Adult T-cell leukemia/lymphoma
Extranodal NK-/T-cell lymphoma, nasal
type
Enteropathy-associated T-cell lymphoma
Monomorphic epitheliotropic intestinal
T-cell lymphoma
Indolent T-cell lymphoproliferative
disorder of the GI tract
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell
lymphoma
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30+ T-cell
lymphoproliferative disorders
Lymphomatoid papulosis
Primary cutaneous anaplastic large-cell

lymphoma
Primary cutaneous yd T-cell lymphoma
Primary cutaneous CD8+ aggressive
epidermotropic cytotoxic T-cell
lymphoma
Primary cutaneous acral CD8+ T-cell
lymphoma
Primary cutaneous CD4+ small/medium
T-cell lymphoproliferative disorder
Peripheral T-cell lymphoma, NOS
Angioimmunoblastic T-cell lymphoma
Follicular T-cell lymphoma
Nodal peripheral T-cell lymphoma with
TFH phenotype
Anaplastic large-cell lymphoma, ALK+
Anaplastic large-cell lymphoma, ALK—
Breast implant—associated anaplastic
large-cell lymphoma

Post-transplant lymphoproliferative

disorders (PTLD)
Plasmacytic hyperplasia PTLD
Infectious mononucleosis PTLD
Florid follicular hyperplasia PTLD
Polymorphic PTLD
Monomorphic PTLD (B- and T-/NK-cell
types)
Classical Hodgkin lymphoma PTLD
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Fig.2.1 Normal B-cell (a) and T-cell (b) differentiation and its relationship to their corresponding
neoplasm (although the normal cell counterparts are unknown in some instances). The red bars
indicate IGH gene rearrangement and the blue bars IG light chain gene rearrangement; the black
insertions in red and blue bars indicate somatic hypermutation Recently recognized T-cell subsets
include the various types of CD4+ effector T-cells, including T helper 1 (Th1), T helper 2 (Th2), T
regulatory (Treg), T helper 17 (Th17), and T follicular helper (TFH) cells. AG antigen, CLL/SLL
chronic lymphocytic leukemia/small lymphocytic lymphoma, D surface IgD, DLBCL diffuse large
8-cell lymphoma, FDC follicular dendritic cell, M surface IgM, MALT mucosa-associated lym-
phoid tissue. (Modified from Swerdlow et al., WHO classification of tumors of hematopoietic and
lymphoid tissues. Revised fourth ed. 2017)

Table 2.4 List of common lymphomas with associated chromosomal translocations

Lymphoma type Translocation Percentage affected  Proto-oncogene
Follicular lymphoma t(14;18)(q32;921) 90% BCL2
1(2;18)(p11;921)
t(18;22)(q21;q11)
Mantle cell lymphoma t(11;14)(q13;q932) 70% Cyclin D1
Burkitt lymphoma t(8;14)(q24;q32) 80% CMYC
t(2;8)(p11;q24) 15%
1(8;22)(q24:q11) 5%

Anaplastic large-cell lymphoma  t(2;5)(p23;q35) 60% in adults NPM/ALK
85% in children
MALT lymphomas t(11;18)(q21;q21) 50% API2/MLT
t(1;14)(p22;q32) Rare BCL10

molecular analyses for the rearrangements of the variable region of the immuno-
globulin (IG) or T-cell receptor (TCR) genes (to determine clonal or polyclonal),
specific gene rearrangements by FISH (t(14;18)/IGH-BCL2 in follicular lym-
phomas, MYC/BCL2/BCLG6 for double/triple- hit lymphomas) and mutations on
specific genes (MYDS&S8 in lymphoplasmacytic lymphoma and BRAFV600E for
hairy cell leukemia) (Table 2.4).
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2.2.1 B-Cell Non-Hodgkin Lymphomas

Nearly 80-90% of the all NHLs are of mature B-cell origin, they are a heteroge-
neous group of neoplasms with more than 30 listed entities in the WHO 2017 clas-
sification. They typically express pan B-cell markers with surface membrane
immunoglobulin. Most of these can be classified based on the resemblance to the
stages of differentiation, thus can be identified by a distinctive immunophenotype.
Some of them express markers that are not akin to normal mature B-cells, e.g.,
cyclin D1 in mantle cell lymphoma, BCL2 in germinal center B-cells in follicular
lymphoma. This typical immunophenotype along with the morphological features
helps for definite diagnosis of each of the subtype (Table 2.5). The common mature
B-cell lymphomas include diffuse large B-cell lymphoma (DLBCL), follicular lym-
phoma, small lymphocytic lymphoma, mantle cell lymphoma, marginal zone lym-
phoma, Burkitt lymphoma, and lymphoplasmacytic lymphoma.

Based on the clinical behavior, the B-NHLs broadly can be classified as aggres-
sive (intermediate and high grade) and indolent (low grade), which histologically
corresponds to large cell/blastoid and small cell cytomorphologies, respectively
(Table 2.6). DLBCL and follicular lymphomas are commonest high-grade and low-
grade B-NHLs. With exception of the mantle cell lymphomas, all aggressive B-cell
NHLs show large cell or blastoid morphology with easily identifiable mitotic activ-
ity and are usually characterized by high MIB-1 labeling index (of at least >40%),
while the indolent B-NHLs show small to intermediate-sized lymphoid cells with
either diffuse or nodular/follicular architecture. Combining the morphological
details (especially cell size and architecture, i.e., diffuse/follicular nature) along
with distinctive immunophenotypic findings, different subsets of low grade/indolent
B-cell lymphomas can be diagnosis. One such algorithmic immunophenotypic
approach is shown in Fig. 2.2.

Whereas for high-grade B-cell NHLs, the current WHO classification lists the
entities and also provided a schematic diagnostic algorithm (Table 2.7). All de novo
high-grade mature B-cell non-Hodgkin lymphomas with MYC and BCL2 and/or
BCL6 gene rearrangements are classified as double/triple-hit (DH/TH) lymphomas.
The diagnosis of DLBCL, NOS should be made only after the exclusion of the DH/
THL and the special types of large B-cell lymphomas, which then subtyped further
on morphological features (centroblastic, immunoblastic, and anaplastic) and/or
cell of-origin (COOQ) basis (germinal center B-cell [GCB] subtype and activated
B-cell [ABC] subtype). The COO subtyping is typically done by differential gene
expression; immunohistochemical-based method using Hans algorithm also showed
good concordance (Fig. 2.3). Additionally, based on the co-expression of MYC and
BCL2 protein on IHC (BCL2 is considered positive if>50% of the tumor cells are
positive and MYC is considered positive if >40% of the tumor cell nuclei are posi-
tive), are assigned as double expressers (DE), which is seen more commonly in the
ABC subtype [1]. However, it is to be noted that MYC protein expression cannot be
used to predict the presence of MYC gene rearrangement, though the cutoff value of
70% has been recently reported to be reproducible among different centers and of
clinical value in identifying patients with a worse prognosis [4, 5]. However, it is
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B-cell neoplasm with small to intermediate cell morphology

CD5
Positive Negative
MCL FL
CLL/SLL Marginal/MALT lymphoma
CD23 CD10
CyclinD1 BCL6
SLL/CLL MCL Positive Negative
CD23 +ve CD23-ve FL Marginal/MALT lymphoma
CyclinD1 -ve CyclinD1 +ve

Fig. 2.2 A practical algorithmic approach for small B-cell neoplasms. CLL Chronic lymphocytic
leukemia, FL Follicular lymphoma, MCL Mantle cell lymphoma, SLL Small lymphocytic
lymphoma

Table 2.6 List of common aggressive and indolent lymphomas

Aggressive lymphomas Indolent lymphomas
B-cell types B-cell types
e Burkitt lymphoma and Burkitt-like ¢ Small lymphocytic lymphoma/chronic
lymphoma lymphocytic leukemia (SLL/CLL).
* Diffuse large B-cell lymphoma ¢ Follicular lymphoma
e Primary mediastinal large B-cell ¢ Hairy cell leukemia
lymphomas ¢ Lymphoplasmacytic lymphoma/
e AIDS-associated lymphomas and Waldenstrom macroglobulinemia
post-transplant lymphoproliferative ¢ Marginal zone—Nodal
disorders ¢ Splenic marginal zone lymphoma
e All other subtypes of large B-cell T-cell types
non-Hodgkin lymphomas e Mycosis fungoides
e Lymphoblastic lymphoma « T-CLL
e Mantle cell lymphoma (sometimes e T-cell large granular leukemia
behaves indolently)
T-cell types

» Peripheral T-cell lymphoma
e Lymphoblastic lymphoma
e Anaplastic large-cell lymphoma

routine practice to evaluate for DH/THL in cases of B-cell lymphomas of blastoid
morphology with negativity for cyclin D1 and precursor markers (Tdt and CD34)
and in cases with morphological features intermediate between Burkitt lymphoma
and DLBCL. In these cases without MYC translocation, evaluation (FISH) for chro-
mosome 11q may be advised to rule out the possibility of Burkitt-like lymphoma
with 11q aberrations (Fig. 2.4).
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Table 2.7 2017 WHO classification (revised fourth edition) listed mature large B-cell non-
Hodgkin lymphomas

Diffuse large B-cell lymphoma, NOS
Morphological variants
Centroblastic
Lmmunoblastic
Anaplastic
Other rare variants
Molecular subtypes
Germinal center B-cell subtype
Activated B-cell subtype
Other lymphomas of large B-cells
T-cell/histiocyte-rich large B-cell lymphoma
Primary diffuse large B-cell lymphoma of the CNS
Primary cutaneous diffuse large B-cell lymphoma, leg type
EBV-positive diffuse large B-cell lymphoma, NOS
Diffuse large B-cell lymphoma associated with chronic inflammation
Lymphomatoid granulomatosis
Large B-cell lymphoma with IRF4 rearrangement
Primary mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
ALK-positive large B-cell lymphoma
Plasmablastic lymphoma
HHVB-positive diffuse large B-cell lymphoma
Primary effusion lymphoma
High-grade B-cell lymphoma
High-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrangements
High-grade B-cell lymphoma, NOS
B-cell lymphoma, unclassifiable
B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell
lymphoma and classic Hodgkin lymphoma

Fig. 2.3 Hans algorithm
for immunohistochemistry- GCB + _r | Non-GCB
based cell of origin + = MUM1

subtyping of DLBCL, CD10 i = C

NOS. GCB Germinal ™S Bcls GCB

center B-cell like -

2.2.2 T-Cell Non-Hodgkin Lymphomas

Relatively uncommon and account for approximately 10-15% of all NHL, of which
cutaneous types are the commonest [6]. Like the B-cell counterparts they can pres-
ent predominantly as cutaneous, other extranodal, nodal, and/or leukemias (Fig. 2.5).
Tumors of mature T-cells, i.e., post-thymic or peripheral are referred to collectively
as peripheral T-cell lymphomas (PTCLs) and while the tumors of precursor T-cell
are lymphoblastic lymphomas. The WHO classification lists over 25 definite or
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| B-cell neoplasm with blastic/blastoid/intermediate to large cell morphology |

| Cyclin D1/TAYCD34 negative ]

1

| mc.cmve, 812, €00 sec, Hans 010, BeL6, 1RFa | [Pt mavc i peabe findependenty of i peatie)|
| 1
Doubde Expressor (DE) Non-Double Expressor
B e [wecarve | o]
|
DLBCL GCB
DLBCL- DE - — l—I_l
nom-Ge8 DlecL BLC2 andfor BC16 NEGATIVE
l ) non-GE8. anm 1
¥y
e ikl
| ] rearranged ’m‘ FisH: 11q probe BEL2-fw, KIBT >95%
| M rearranged | | wesarnve | 1 [ | HaBLDH/TH | |
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" HGEL DH/TH NO
| mss:BozandeclBAProbes | [ wecamwe | [II—\ 7
l HGBL-NOS
l BLC2 andfor BCLE ‘ NEGATIVE | HGEL-NOS
rearranged Burkitt
| ] v Burkitlie lymphoma Lmehems
DLBCLOE GCB with 11q aberrations
[ omeree ]
DLBCL non-GCB
or

Fig. 2.4 Practical diagnostic algorithmic approach to mature aggressive B-cell lymphoma. This
does not for the specific DLBCL entities (i.e., primary mediastinal B-cell lymphoma [PMBCL]),
intravascular DLBCL, EBV+ DLBCL, T-cell rich histiocyte-rich B-cell lymphoma (TCRHRBCL),
etc. (*) and to blastoid lymphomas excluding lymphoblastic lymphomas and mantle cell lympho-
mas (**). BCLU B-cell lymphoma-unclassifiable, BL Burkitt lymphoma, DH double hit, DLBCL
Diffuse large B-cell lymphoma, GCB germinal center B-cell, HGBL high-grade B-cell lymphoma
(Modified from Di Napoli et al. 2019)

provisional entities under the heading of mature T- and NK-cell neoplasms
(Table 2.3). Most PTCLs carry a poorer prognosis than the most B-cell counterparts
[6, 7]. Except for anaplastic lymphoma kinase (ALK)-positive anaplastic large-cell
lymphoma (ALCL), outcomes for most other subtypes of mature T-cell lymphomas
are poor.

Mature T-cell lymphomas generally express one or more T-cell markers, and
tend to display a T helper (CD4-positive) or cytotoxic (CD8-positive) immunophe-
notype and may show loss of markers expressed by most normal T-cells (e.g., CD5,
CD7). However, a subset of them may express markers not commonly detected in
normal T-cells, such as ALK. NK-cell lymphomas lack surface CD3 (expressing
only cytoplasmic CD3) and CD5 but express some pan T-cell antigens (such as CD2
and CD7) as well as CD16 and/or CD56. Diagnosis of T-cell lymphomas is usually
confirmed by application of IHC/FCM-based antibody panels and if required with
further genetic studies. With the expression of the antibodies and morphological
features, diagnosis of T-cell lymphomas can be achieved by using a simplistic algo-
rithm (as shown in Fig. 2.6). However, further detailed descriptions and diagnostic
criteria is beyond the scope of this chapter.
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Mature T-/NK-cell
Neoplasms
I

|
[ Cutaneous ] [ Extranodal ] [ Nodal ]
NK/TCL Adult T cell Leukemia /

MF Nasal Type Lymphoma

‘I'rans;‘o:md Enteropathy Anaplastic Large Cell

Primary Cutaneous
CD30+ T-cell Disorders

Sezary Syndrome

ated TCL

Lymphoma (ALK+/-)

Hepatosplenic TCL+

ks

Fig. 2.5 Mature T/NK cell neoplasms: presentation-based entities (Modified from Rodriguez J

et al. 2009)

Angioimmunoblastic -
TCL T-cell Prolymphocytic

leukemia

T-cell Large Granular

Lymphocytic Leukemia

T-cell ymphoma
Positive for CD2, CD3, CD5, CD7
Negative for CD20. CD79a. Pax-5

L

Immature /blastoid morphology
Positive for Tdt. CD34, CD1a

Y

| T-lymphoblastic lymphoma

ALCL, ALK+ve

CD30 +ve

Mature NK/T-cell lymphoma
Condensed or vesicular chromatin
Negative for Tdf, CD34, CD1a

ALK +ve

ALK -ve

*Cytotoxic granules
+ve

*Cytotoxic granules
-ve

Y

| CD56 +ve | | CD56 -ve |

*Cytotoxic granules
+ve

*Cytotoxic granules -ve

EBER +ve

EBER -ve

PTCL, NOS
AITL
MF

ALCL ALK-ve

MF with
transformation

Gamma-delta T-cell lymphoma
PTCL, NOS
Epitheliotropic intestinal T-cell

CD30 + LPD
Classic EATL

PTCL, CD30

lymphoma (EATL Il)

Extrandol NK/T -cell lymphoma
Aggressive NK/T-cell cell leukemia

Fig. 2.6 Algorithmic approach to the major T-cell lymphomas. *TIA-1; granzyme A & Perofrin.
ALCL Anaplastic large-cell lymphoma, EATL Enteropathy-associated T-cell lymphoma, LPD
Lymphoproliferative disorder, PTCL Peripheral T-cell lymphoma
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Management of NHL is guided by the histological subtype, extent or stage of the
disease, age, performance status, organ function of the host, and in some cases on
the underlying etiology (e.g., HCV-related marginal zone lymphoma, H. pylori
related gastric marginal zone lymphoma). The following sections will highlight the
management of NHL based on the above-mentioned factors.
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3.1

Follicular Lymphoma (FL)

The therapeutic decision in FL is based on the grade (gradel-3a versus 3b), stage,
disease burden, presence of transformation to high-grade B-NHL. The grade 3b
disease behaves like and diffuse large B-cell NHL and therefore managed on the
same principles (refer to Sect. 3.5).

(a)

(b)

(©

Early-stage Follicular Lymphoma: Stage I/II follicular lymphomas constitute

less than 10% of patients [1]. Radiation therapy (24 Gy) is the treatment of

choice for early-stage low grade (gradel-3a) follicular lymphoma, where all
involved sites can be encompassed in the radiation field, with a 10-year freedom
from treatment failure ranging from 41 to 49% [1, 2] and median survival of

19 years [1]. A baseline PET/CT is helpful in early-stage disease patients who

are being planned for radiation to rule out disseminated disease. If the disease

involves multiple nodal stations that cannot be safely treated with radiation,
watchful waiting or single-agent rituximab are other options.

Advanced-Stage Disease

* Asymptomatic Disease: Patients with advanced-stage FL with low tumor bur-
den do not require immediate treatment unless they are symptomatic. Watchful
waiting remains the standard of care for asymptomatic patients [3-5].

* Symptomatic Disease: Patients with high tumor burden as per BLNI [3],
GELF criteria [6], and symptomatic patients are treated with chemoimmuno-
therapy. Bendamustine and Rituximab (BR) is the preferred first-line treat-
ment in these patients due to its better efficacy and safety profile as compared
to R-CHOP [7, 8]. After a median follow-up of 10 years, BR was associated
with better overall survival (71% vs 66% p-0.69), improved median time to
next treatment (TTNT) with 34% of patients requiring salvage treatment due
to progression compared with 54% in R-CHOP arm. Use of maintenance
rituximab has shown improved 10-year progression free-survival PFS (51%
vs 35%), time to treatment failure (10.5 years vs 4.1 years) without an effect
on overall survival in patients treated with induction therapy (R-CHOP
[rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone],
R-FCM [rituximab, fludarabine, cyclophosphamide, mitoxantrone], RCVP
[rituximab, cyclophosphamide, vincristine, prednisolone]). However, there
was higher incidence of Grade 3/4 adverse events with maintenance treat-
ment and there is no clear evidence of efficacy in patients who receive BR as
induction [7, 8].

Relapsed Follicular Lymphoma: Patients with the early progression of dis-

ease (POD), i.e., defined as progression within the first 2 years, have inferior

overall survival (5 year OS-50%) compared with patients without early POD

(5 year OS-90%) [9]. Patients with relapsed FL should undergo biopsy from the

most FDG-avid site to rule out transformation to high-grade lymphoma.

Multiple active agents (R-CHOP, R-Lenalidomide, R-CVP, and other novel
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agents) are available for relapsed FL and the treatment should be tailored based
on the prior therapy, progression-free interval, goals of therapy, and risk of
adverse events.

3.2 Marginal Zone Lymphomas

(a) Nodal Marginal Zone Lymphoma: Asymptomatic/low burden NMZL is
observed with a watch and wait strategy. Treatment should be considered in
case of B symptoms, cytopenias due to marrow infiltration by lymphoma, rapid
enlargement of nodes, bulky disease, and compromise of vital organ function.
In patients with NMZL with concomitant HCV infection, antiviral therapy is
indicated and it can induce durable remissions [10]. There are no large studies
to address the standard of care, but the limited evidence suggests the use of BR
or R-Chemotherapy (CHOP, CVP, or fludarabine) can be used in patients
with symptomatic and advanced stage disease [11].

(b) Splenic Marginal Zone Lymphoma: Active surveillance is indicated for
asymptomatic patients. Patients with underlying HCV infection can be treated
with antiviral therapy [10]. Rituximab is preferred over splenectomy for symp-
tomatic patients (progressive/symptomatic splenomegaly and/or cytopenias)
[12]. Rituximab monotherapy produces response rates of 80%, CR rate of 40%,
and 10-year PFS of 60%. For patients with B symptoms (fever, weight loss
>10% over 6 months, and night sweats) and significant abdominal lymphade-
nopathy, chemoimmunotherapy is indicated [13].

(c) Extranodal Marginal Zone Lymphoma (MALT lymphoma): Gastric mar-
ginal zone lymphoma (Gastric MZL) should be treated initially with Helicobacter
pylori (H. pylori) eradication therapy irrespective of stage. Choice of anti-
microbial therapy should be offered based on local antibiotic resistance pat-
terns. The outline for the management of Gastric MZL is shown in Fig. 3.1.

The indications for treatment with systemic therapy include overt progression on
anti-microbial therapy, deep invasion, nodal involvement, and t (11;18).

3.3 Mantle Cell Lymphoma

A subset of patients with mantle cell lymphoma can be observed with “wait and
watch” strategy. These include asymptomatic patients with low tumor burden, non-
bulky disease, low Ki-67, and non-blastoid morphology. In these patients, the median
overall survival was significantly longer in the observation group compared with the
early treatment group (72 vs 52 months p = 0.041) [14]. For young physically fit trans-
plant eligible patients who do not fall in the indolent disease subgroup, rituximab and
high-dose cytarabine based therapy should be considered for remission induction
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Fig.3.1 Gastric MALTOMA

followed by autologous stem cell transplantation (ASCT) and rituximab maintenance
[15]. In transplant-ineligible patients, Bendamustine-Rituximab (BR) [7] or VR-CAP
[16] or RCHOP [8] followed by R maintenance are acceptable treatment options.

3.4  Burkitt Lymphoma

In view of the short doubling time, the treatment requires short-intensive, multi-
agent chemotherapy with non-cross resistant drugs. The treatment options include
multi-agent high-dose methotrexate-based chemotherapy regimen (CODOX-M/
IVAC [cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate/ifos-
famide, vincristine, adriamycin, cytarabine] [17], GMALL-B-NHL, etc.) or dose-
adjusted-REPOCH-R  (etoposide, prednisolone, vincristine, prednisolone,
rituximab). For patients with high-risk Burkitt lymphoma without CNS involve-
ment at baseline dose-adjusted R-EPOCH (etoposide, prednisolone, vincristine,
prednisolone, rituximab) with intrathecal methotrexate has shown 4-year EFS and
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OS of 84.5% and 87%, respectively [18]. Due to inferior event-free survival for
patients with CSF involvement and bone marrow involvement with EPOCH-R,
GMALL-B-ALL/NHL2002 [19] or CODOX-M/IVAC may be preferable.

3.5

Diffuse Large B-Cell Lymphoma (DLBCL)

Several attempts have been made to improve outcomes of DLBCL with addition of
another drug on the R-CHOP backbone, however, none of the regimens has shown
better efficacy than R-CHOP.

(a)

(b)

()

(d)

Limited stage DLBCL: Limited stage (stage I/Il) DLBCL with favorable
prognosis (non-bulky <7.5 cm, normal LDH) can be treated with 4 cycles of
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, predniso-
lone) followed by ISRT (RT 30 Gy) for the disease sites where radiation is
unlikely to result in significant long-term toxicity [20]. For disease involving
mediastinum or breast with the potential of long-term radiation toxicity, 6 cycles
of R-CHOP are preferred.

Advanced-stage DLBCL: Advanced-stage DLBCL is treated with 6 cycles of
R-CHOP [21, 22]. Patients with initial bulky disease (>7.5 cm) and extranodal
disease can be consolidated with ISRT after completion of chemoimmunother-
apy. However, there is conflicting evidence for consolidative radiation in
patients who achieve complete metabolic response with R-CHOP. There is no
standard approach for double-hit lymphoma. The retrospective data suggest
better outcomes with DA-EPOCH-R [23].

CNS prophylaxis in DLBCL: The optimal way to deliver CNS prophylaxis is
not clear. Patients with a high risk of CNS relapse (High CNS IPI 4-6, 3 or
more extranodal sites (irrespective of CNS IPI) along with high LDH, renal/
adrenal or intravascular involvement, breast involvement) with adequate organ
function and creatinine clearance of more than 50 mL/min should receive
2-3 cycles of high-dose methotrexate (HD-MTX) 3 g/m? infused over 3 h inter-
calating with R-CHOP. The addition of HD-MTX was associated with lower
CNS relapse in these high-risk patients [24]. Patients unfit for HD-MTX should
receive intrathecal methotrexate although there is a lack of evidence to support
this approach.

Relapsed/Refractory DLBCL: Salvage chemotherapy followed by high-dose
therapy and ASCT is the standard of care for relapsed DLBCL. Salvage therapy
for relapsed DLBCL includes R-DHAP (rituximab, dexamethasone, high-dose
cytarabine, cisplatin), R-GDP (rituximab, gemcitabine, dexamethasone, cispla-
tin), R-ICE (rituximab, ifosfamide, carboplatin, etoposide). There is no clear
evidence regarding the superiority of one regimen over others [25]. For patients
who are not fit for ASCT, options include polatuzumab with BR [26], selinexor
[27], or palliative treatment.
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3.6 Primary Mediastinal B-Cell Lymphoma (PMBCL)

Most patients with primary mediastinal B-cell lymphoma present with disease
localized to the supra-diaphragmatic area. DA-EPOCH-R (etoposide, prednisolone,
vincristine, prednisolone, rituximab) is the recommended therapy in view of the
excellent EFS and OS of 93% and 97%, respectively [28]. This regimen allows the
omission of radiation in patients who achieve a complete metabolic response.
Persistent uptake on PET/CT (DS-4) after chemotherapy can be observed with
repeat PET/CT after 6-8 weeks as it does not always represent viable disease and
shows resolution over time. Approximately 10-30% of patients with PBMCL
relapse within the first year of treatment completion. These patients can be managed
with salvage therapy followed by ASCT [29]. Pembrolizumab is associated with
high response rates, durable activity in relapsed/refractory PMBCL who have failed
two lines of therapy [30].

3.7  HIV Associated Diffuse Large B-Cell Lymphomas

The current treatment strategy for this population of patients includes R-CHOP
[31], dose-adjusted EPOCH-R (etoposide, prednisolone, vincristine, prednisolone,
rituximab) [32] or short course-EPOCH-RR. The advantage of SC-RR-EPOCH
includes the need for only three courses of chemotherapy in most patients as 78.7%
achieve a complete response after two cycles [33]. All these patients require CNS
prophylaxis given the high-risk of CNS relapses. Management of plasmablastic
lymphoma is less well defined and outcomes are poor. As they are CD-20 negative
treatment options include CHOP or DA-EPOCH [34].

3.8 Primary CNS-Lymphoma (PCNSL)

All patients with primary CNS-lymphoma should undergo complete work up to rule
out systemic involvement (PET/CT and bone marrow examination) as well as ocu-
lar involvement (slit-lamp examination) and underlying HIV infection. In immuno-
competent and fit patients, HD-MTX based combination chemotherapy is used for
induction. It produces CR rates of 30-60% treated alone [35, 36] or in combination
with other chemotherapeutic agents. The addition of rituximab and cytarabine has
shown improvement in outcomes [37]. Consolidation strategies include high-dose
chemotherapy, ASCT [38, 39] or multi-agent intensive chemotherapy [40] in
patients who are young and in good general condition. The role of whole-brain
radiation is limited to patients who do not achieve a complete response after induc-
tion or patients who are not fit for intensive induction. Patients ineligible for
HD-MTX due to poor performance status, inadequate organ function, or age are
treated with rituximab with temozolomide or whole-brain radiotherapy.
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3.9 T-Cell Lymphomas

(a) PTCL NOS, ALK-positive and ALK-negative Anaplastic large-cell lym-
phoma: CHOP (cyclophosphamide, doxorubicin, vincristine, prednisolone)
or CHOEP (etoposide added to CHOP) are the most commonly used regimen
for this subgroup of patients. The addition of etoposide to CHOP improved
PES in patients with age less <60 years and normal LDH. International T
lymphoma study group and smaller retrospective studies reported OS rates
between 30 and 45% and PFS rates of 20-30% in these subtypes [41]. The
S-year PES and overall survival for ALK-positive ALCL with CHOP range
from 72-82% to 70-90%, respectively. The 5-year PFS and overall survival
for ALK-negative ALCL with CHOP range from 36—-48% to 40-58%, respec-
tively [42—44]. Recently, the FDA has approved CHP with brentuximab vedo-
tin in CD30 positive PTCL based on the ECHELON-2 trial. In ECHELON 2,
CHP-BV (cyclophosphamide, doxorubicin, prednisolone, brentuximab vedo-
tin) produced significantly superior PFS over CHOP [45]. In patients with
advanced disease, high failure rates are observed even after the achievement
of complete response. Consolidation with ASCT in these patients may
improve PFS and OS [46—48]. Hence young fit patients may be counseled for
consolidation with ASCT in CRI1.

(b) NK-T-cell lymphoma:

* Early-stage localized nasal/extra-nasal NK-T-cell lymphoma: (stage I/
II): Non-MDR dependent drugs together with radiotherapy have produced
superior ORR, PES, and OS in this subtype of T-cell NHL. Various non-
MDR dependent regimens include 2/3DeVIC (dexamethasone, etoposide,
ifosfamide, and carboplatin) [49], VIPD (etoposide, ifosfamide, cisplatin,
and dexamethasone) [50], LVP regimen (l-asparaginase, vincristine, and
prednisolone) [51], and GELOX (gemcitabine, l-asparaginase, and oxalipla-
tin) [52]. Radiotherapy can be used concurrently or as sandwich therapy
with chemotherapy. Both approaches give comparable results. Radiotherapy
is better tolerated when given in patients who achieve CR and have com-
pleted chemotherapy, hence many clinicians tend to use it sequentially after
chemotherapy. For patients with comorbidities and unfit patients who cannot
tolerate chemotherapy, RT alone can be considered.

* Advanced-stage NK-T-cell Lymphoma: Combination chemotherapy
remained mainstay of treatment for advanced-stage disease. L-asparaginase
based combination regimens are recommended. SMILE (dexamethasone,
methotrexate, ifosfamide, L-asparaginase, etoposide) regimen is most com-
monly used with ORR, CR, and 5- year OS of 80%, 64%, and 52%, respec-
tively [53]. The role of transplantation in consolidation after frontline therapy
is controversial.
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3.10 Summary

Treatment of NHL has seen significant evolution over the years. The key to deliver-
ing optimal therapy remains accurate diagnosis, proper staging, careful assessment
of host and maintaining the desired dose intensity of therapy.
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4.1 Introduction

Lymphomas affect the lymphoid system and comprise a heterogeneous group of
diseases with variable presentation. Diagnostic imaging with Ultrasonography
(USG), Computerized Tomography (CT), and Magnetic Resonance Imaging (MRI)
provides crucial information for staging and response assessment in patients with
lymphoma. This review describes the imaging features of the nodal lymphoma and
common extranodal sites of involvement. Summary of multimodality imaging fea-
tures is described in Table 4.1.

4.2 Nodal Lymphoma

Lymph nodes are the only site of involvement in classic form of Hodgkin’s
Lymphoma (HL) and low grade Non-Hodgkins lymphoma (NHL). Lymphadenopathy
is the most common manifestation of HL with infrequent involvement of extranodal
sites (up to 15%).The supradiaphragmatic nodes are involved in 60-68% of patients
with HL [1, 2].

The mesenteric and retroperitoneal nodes are more commonly involved in NHL
than in HL. In NHL the lymph nodes are markedly enlarged, noncontiguous and
frequently associated with extranodal involvement [3, 4].

Table 4.1 Summary of multimodality imaging features of nodal and extranodal sites of lympho-
matous involvement

Organ
involved  USG CT MRI
Nodes — Conglomerated NCCT Tl
homogenously — Enlarged — Intermediate signal
hypoechoic lobulated nodes(>10 mm) T2/STIR
masses — Homogenous density — High signal
— Loss of echogenic CECT Tl +c
hilum with — Homogenous — Homogenous
“pseudocystic” enhancement enhancement
appearance — Cystic changes or
— Increase in peripheral necrosis
and central vascularity =~ — Encasement of vessels
on color Doppler
Bowel — Hypoechoic — Stomach: exophytic T1
circumferential submucosal lesion with — Homogeneous
transmural thickening central ulceration giving intermediate signal
giving target like typical “bull’s eye” intensity
appearance appearance T2
— Aneurysmal dilatation — Bowel: Diffuse bowel — Heterogeneous
of the lumen and wall thickening or increased signal
intussusception multiple nodular filling intensity
defects or aneurysmal Tl+c
bowel dilatation without =~ — Mild to moderate
upstream dilatation homogenous

enhancement
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Table 4.1 (continued)

Organ
involved
Liver

Spleen

Bone

Lung

USG

— Hepatomegaly with
homogenously
hypoechoic appearance
diffusely involving the
liver

— Focal discrete lesions
well defined,
homogeneous,
markedly hypoechoic
or anechoic masses
with no posterior
acoustic enhancement

— The hypoechoic
appearance of
lymphoma may mimic
a hepatic abscess

— Massive splenomegaly

— Hypoechoic nodules
with internal
vascularity

X ray
— Lytic, sclerotic, or
mixed
— Wide zone of
transition
— Aggressive periosteal
reaction
— Lesion with
extraosseous soft
tissue mass
— Pleural effusion

CT

— Discrete focal liver mass/

Multiple lesions/diffuse
infiltrating disease
NCCT
— Soft tissue attenuation

— Necrosis or hemorrhage

— Calcification rare
CECT

— Hypo enhancement to
liver parenchyma in all
phases

— Rim enhancement

— Unaffected vessels
coursing through mass

— Associated
splenomegaly and

periportal nodal masses

— Lower attenuation than
adjacent normal splenic
parenchyma with
minimal or no
enhancement

CT
— Depicts cortical
destruction

— Extraosseous soft tissue

mass with relative
reservation of cortex

— Multiple ill-defined solid

or ground glass nodules
or masses

— Nodules with or without
cavitation

— Consolidation with air
bronchograms, and
interlobular

— Septal thickening

— Direct extension from the

adjacent hilar lymph
nodes

MRI
T1
Hypo- or isointense
to liver
T2
— Moderately
hyperintense to liver
— Target appearance
with hyperintense
center and
hypointense
periphery
Tl +c¢
— Target appearance
with peripheral
enhancement
— Hypoenhancing
lesions
DWI
— Restricted diffusion
Tl
— Low to intermediate
signal nodules
T2
— Mild to moderately
hyperintense
Tl +c
— Hypoenhancing
nodules in delayed
phase
Tl
— Low marrow signal
T2/STIR
— High marrow signal
DWI
— Restricted diffusion
Tl +c
— Homogenous post
contrast enhancement

(continued)
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Table 4.1 (continued)

Organ
involved  USG CT MRI
CNS NCCT T1
— Iso- or hyperdense — Hypo- or isointense
lesions T2
CEE) — Hypointense to gray
— Homogenous marked matter
enhancement DWI
— Restricted diffusion
T1+C
— Homogeneous
intense enhancement.
— Ring enhancement
MR Spectroscopy
— Elevated lipid peaks
and high Cho/Cr
ratios
Renal — Solitary or multiple NCCT Tl
focal hypoechoic — Solitary/Multiple focal - Hypointense
masses masses/diffuse T2
infiltration in the kidney — Hypo to isointense to
with slightly higher renal cortex
attenuation than that of T1 +c¢
the surrounding — Hypoenhancing
parenchyma masses
CECT
— Homogeneous masses
with lower attenuation
as compared to the renal
cortex
Cutaneous — Soft tissue thickening, — Soft tissue thickening, -
infiltration or a mass infiltration or a mass with
post contrast
enhancement

DWI Diffusion-weighted imaging, STIR Short tau inversion recovery, NCCT Non-contrast
enhanced CT, CECT Contrast enhanced CT

Ultrasonography (USG) and Computed Tomography (CT) help in the accurate
assessment of involved lymph nodes.

4.2.1 USG Features

USG has a major role in initial assessment of the clinically palpable LNs and help
in guided biopsies. However, it is not a sensitive modality for staging and assessing
deep seated lymph nodes of mediastinum and retroperitoneum. Normal and reactive
nodes often have an elongated shape and tend to be hypoechoic as compared to
adjacent skeletal muscles with echogenic fatty hilum (Fig. 4.1a). On gray scale
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Fig. 4.1 Nodal Lymphoma (Ultrasonography). (a) Gray scale ultrasonography reveals a well-
defined oblong lymph node with maintained fatty hilum (arrow)-normal appearance. (b) Enlarged
rounded hypoechoic heterogenous node (arrow) suggestive of lymphomatous involvement (arrow)

USG the enlarged lymphomatous nodes appear as rounded, lobulated masses
(Fig. 4.1b) which are homogenously hypoechoic with loss of echogenic hilum giv-
ing a “pseudocystic” appearance. On color Doppler, lymphomatous nodes usually
show increase in peripheral and central vascularity. However, these features are
nonspecific for lymphoma [5-7].

4.2.2 CT

Recognition of lymph node involvement in lymphoma using CT is based entirely on
size criteria. The short axis diameter of LNs greater than 1 cm is generally consid-
ered as enlarged on CT. On CT the involved lymphnodes are enlarged and of
homogenous density (Fig. 4.2). Minimally enlarged discrete nodes tend to have
regular borders with homogenous enhancement after administration of IV con-
trast [6].

4.3  Extranodal Lymphoma

Extranodal involvement may represent a primary manifestation or dissemination of
systemic disease. Extranodal involvement is more common in NHL than in HL. CT
is the preferred modality, particularly in evaluating hepatic lymphoma and in diag-
nosing gastrointestinal and renal lymphoma [8, 9].

4.4  Gastrointestinal Lymphoma

Gastointestinal tract is the most common extranodal site of involvement in
NHL. Primary GI lymphoma affects stomach, small intestine, and colon in order of
decreasing frequency with esophagus involved rarely.
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Fig. 4.2 Nodal Lymphoma (CT scan). Axial CECT image of Thorax (a) shows enlarged medias-
tinal nodes (arrow) encasing trachea and displacing branches of Aorta. Axial CECT of Abdomen
(b) shows a large conglomerated retroperitoneal nodal mass (arrow) in the paraaortic region
extending up to the external iliac vessels. It is causes compression of the infrarenal IVC without
any significant luminal narrowing of the aorta or its branches. Coronal reformatted Image of thorax
and abdomen (c¢) shows supra and infra diaphragmatic nodal masses

4.4.1 USG Features

On USG these tumors are hypoechoic and most commonly demonstrate circumfer-
ential transmural wall thickening giving target like appearance. Other patterns may
be seen, such as segmental, nodular, and bulky tumor. Aneurysmal dilatation of the
lumen and intussusception may also be seen on USG [10, 11].

4.4.2 CT Features

Gastric lymphoma has varied appearance on CT images. Focal or diffuse nodular
thickening of gastric rugae with loss of normal wall layering pattern is best depicted
with distension by negative oral contrast agents (Fig. 4.3). The ulcerative form may
present as exophytic submucosal lesion with central ulceration giving typical “bull’s
eye” appearance.
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Fig. 4.3 Gastric lymphoma. Axial (a) and coronal (b) reformatted section of contrast enhanced
CT scan shows an ill-defined heterogeneously enhancing soft tissue (arrows) mass arising from the
fundus and body of stomach along both lesser and greater curvatures. It is also seen to involve most
of the left hemidiaphragm, invading into adjacent lung parenchyma

Primary small bowel lymphoma tends to arise in terminal ileum. It may present
as diffuse bowel wall thickening or multiple nodular filling defects or aneurysmal
bowel dilatation without upstream dilatation.

Colonic lymphoma is rare, more commonly seen with inflammatory bowel dis-
eases. CT may show a diffuse colonic long segment wall thickening with loss of
haustra with associated nodal masses [6, 12].

4.5 Liver

Hepatic lymphoma commonly occurs secondary to the systemic lymphoma in both
HL and in NHL and indicates advanced disease. Primary hepatic lymphoma is very
rare, usually of NHL large cell type. Hepatic involvement is more frequently associ-
ated with splenic involvement [13].

4.5.1 USG Features

Hepatomegaly with homogenously hypoechoic appearance diffusely involving the
liver is commonly seen however, is a nonspecific feature. Focal discrete lesions usu-
ally present as well defined, homogeneous, markedly hypoechoic or anechoic
masses with no posterior acoustic enhancement. The hypoechoic appearance of
lymphoma may mimic an hepatic abscess. Presence of a thick wall with septations
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and mobile internal echoes and heterogenous appearance favor diagnosis of abscess.
Associated periportal lymph node involvement is commonly seen [13—15].

4.5.2 CTFeatures

Diffuse liver infiltration presenting as hepatomegaly with homogenous appearance
is more common than multiple discrete hepatic masses (Fig. 4.4). Multiple discrete
lesions are homogenously hypodense with minimal to noenhancement on
CECT. Patchy or rim enhancement is seen in few cases. However, multiple vascular
channels are often seen coursing through the lesion which has been referred to as
the “vessel penetration sign.” HL. manifests as miliary lesions (<1 cm in diameter)
which can mimic fungal abscesses which show typical rim enhancement pattern.
Mixed infiltrative and nodular pattern of hepatic involvement can also be seen
resulting in multiple hypoenhancing nodules in the background of diffuse hepatic
enlargement. Periportal spread of lymphoma can manifest as periportal soft tissue
cuffing or ill-defined periportal mass. More commonly juxta-hilar mass is seen
tracking along biliary radicals and portal tracts. On CT these masses are homoge-
neously hypodense and encase the portal vessels without occluding them [8, 13, 16].

4.6 Spleen

Lymphoma is the most common malignancy affecting the spleen and maybe pri-
mary or secondary.

Spleen is usually considered to be a “nodal organ” in Hodgkin disease and an
extranodal organ in non-Hodgkin lymphoma. Splenic involvement is typically dif-
fuse, and only a small minority of cases manifest with nodules larger than 1 cm in

Fig. 4.4 Liver lymphoma. Axial non-contrast CT (a) of abdomen shows diffusely enlarged liver
with no focal abnormality. On fused FDG PET/CT axial image (b) shows multiple foci of abnor-
mal FDG uptake noted throughout the liver
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Fig. 4.5 Splenic lymphoma. Axial non-contrast CT (a) of abdomen shows diffusely enlarged
spleen (arrow) with calcific foci within in the parenchyma (thin arrow). On fused FDG PET/CT
axial image (b) enlarged spleen shows diffuse increased abnormal FDG uptake (arrow)

diameter. Marked splenomegaly with homogenous enlargement almost always indi-
cates infiltration, however is not specific. USG is more sensitive as compared to CT
in detecting splenic nodules which are hypoechoic with internal vascularity. Nodules
are characteristically hypoechoic on USG. On CT, they demonstrate lower attenua-
tion than adjacent normal splenic parenchyma with minimal or noenhancement on
CECT [8, 17] (Fig. 4.5).

4.7 Pulmonary Lymphoma

Lung parenchymal involvement is more common in HL than NHL and occurs as
part of disseminated HL. Primary pulmonary lymphoma without evidence of sig-
nificant nodal disease is more common in NHL. Pulmonary parenchymal involve-
ment in lymphoma exhibits diverse patterns of abnormality on CT scan. Various
manifestations of pulmonary involvement include direct extension from the adja-
cent hilar lymph nodes, solitary or multiple discrete or confluent nodules forming
conglomerate masses, nodules with or without cavitation, consolidation with air
bronchograms and reticular patterns with interlobular septal thickening (Fig. 4.6).
Pleural effusions seen in association with pulmonary lymphoma tend to be reactive,
can be due to lymphatic obstruction and rarely contain malignant cells [18, 19].

4.8 Bone

Primary lymphoma of bone is rare, comprising<1% of all lymphomas and is pre-
dominantly of NHL type. Lymphoma can involve bone marrow, cortical bone or
both and also extend outside the bone.

Radiographic manifestation of osseous lymphoma is variable and nonspecific.
The radiographic pattern can be normal, predominantly lytic, sclerotic, or mixed
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Fig. 4.6 Pulmonary lymphoma. CT Thorax in a known case of low Grade NHL. Axial (a) and
coronal reformatted section (b) of thorax in lung window confluent nodular opacities with sur-
rounding ground glass opacities and interstitial nodular septal thickening seen scattered in both
lungs (arrow). Axial section of CECT (c) shows of anterior mediastinal mass (arrow).
Histopathology showed follicular lymphoma (with diffuse pattern of involvement)

lytic sclerotic. When visible on plain radiographs osseous lymphoma appears as a
solitary lytic lesion in the metadiaphyseal region with permeative or moth-eaten
pattern of destruction and aggressive periosteal reaction. There may be associated
with cortical destruction and extraosseous soft tissue masses (Fig. 4.7). The dif-
fusely sclerotic pattern of the lesions is more frequently seen in Hodgkin’s lym-
phoma. Diffuse sclerosis may be related to fibrosis and can develop following
chemotherapy or radiation.

MRI is excellent for evaluation of bone marrow affected by lymphoma and
depiction of soft tissue masses. Marrow involvement can be multifocal or diffuse.
On T1W images lymphoma within bone marrow is of low signal intensity (relative
to adjacent muscle) and gives high signal on T2W and short tau inversion recovery
(STIR) sequences. Extraosseous soft tissue masses are of similar signal intensity to
the marrow lesion with diffuse andhomogeneous postcontrast enhancement.
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Fig. 4.7 Osseous lymphoma. Plain radiograph (a) of left shoulder reveals lytic lesion involving
the body of left scapula (arrow) with a large extraosseous soft tissue component. Axial CECT
image (b) of the left shoulder reveals lysis of the left scapula blade with an associated soft tissue
mass infiltrating the adjacent muscles (arrow)

Extraosseous extension of the tumor without cortical destruction is visualized well
on MR imaging [20, 21].

4.9  Primary CNS Lymphoma (PCNSL)

Primary CNS lymphoma is rare and occurs almost exclusively within the brain and
spinal cord is very rarely involved. Lesions predominantly occur within the cerebral
white matter close to the corpus callosum. A butterfly distribution with spread
across the corpus callosum seen in lymphoma can mimic diagnosis of butterfly gli-
oma. Posterior fossa may also be involved and can be multifocal in 20% of the cases.

4.9.1 MRIFeatures

The appearance of intracerebral lymphoma on MRI reflects high cellularity and low
water content. On MR imaging the lesions tend to be isointense or low intensity to
brain on T1- and T2 weighted images with restricted diffusion and intense enhance-
ment on post-contrast TIW sequences. The lesions appear heterogeneous with
peripheral rim enhancement and necrotic center in immunocompromised patients,
which may be difficult to differentiate from cerebral abscess. Both lesions show
restricted diffusion on DWI MRI (Fig. 4.8). Thin rim of T2 hypointensity may favor
a diagnosis of cerebral abscess rather than lymphoma [3, 22].
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Fig. 4.8 Primary CNS lymphoma. Axial T2W image (a) shows iso to hypointense mass lesion in
the genu and body of corpus callosum (arrow). Postgadolinium contrast T1W image (b) shows
homogenous enhancement in the lesion (arrow). Perfusion MRI (¢) shows low perfusion in the
lesion on the relative cerebral blood volume color map (arrow). Diffusion-weighted imaging (d)
shows high signal intensity in the lesion (arrow) with a corresponding low signal intensity on the
apparent diffusion coefficient map (e), suggesting restricted diffusion. MR spectroscopy (f) shows
elevated choline (arrow) with a choline: creatinine ratio 6

4,10 Other Sites

The most common site for extranodal involvement by diffuse large B-cell lym-
phoma is Waldeyer ring (i.e., lingual, palatine, and nasopharyngeal tonsils). Presence
of necrosis within nodes and the absence of distant nodal or extranodal disease
should suggest squamous cell carcinoma rather than lymphoproliferative disease
[22]. Lymphoma is the most common testicular malignancy in men older than
60 years. Imaging is primarily by ultrasound and follicular lymphoma can present
as either diffuse hypoechoic infiltrative mass or solitary discretemasses [12]
(Fig. 4.9).The skin is the second most common site of extranodal involvement of
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Fig.4.9 Testicular lymphoma. Gray scale Ultrasound (a) of the scrotum demonstrates an enlarged
diffusely heterogenous left testis with striated appearance (arrow). Color Doppler ultrasound (b)
reveals increased vascularity in left testis

NHS after GIT. Primary cutaneous lymphoma is classified as either cutaneous T cell
lymphoma or cutaneous B-cell lymphoma. Imaging features of cutaneous lym-
phoma are nonspecific and include soft tissue thickening, infiltration or a mass and
can affect any part of the body with or without localized or diffuse lymphadenopa-
thy [20] (Fig. 4.10). Involvement of the kidneys in lymphoma is usually late and is
seen in the presence of disseminated disease. Both solitary and multiple focal
masses and diffuse infiltration in the kidney which are hypoenhancing on CECT as
compared to the renal cortex have been described (Fig. 4.11).

4.11 Response Evaluation

The Lugano classification represents a major change from the Ann Arbor staging
system and the International Working Group criteria for response assessment. The
goal of Lugano classification is simplification and standardization of response
assessment and reporting. It also addresses the role of FDG PET CT for staging and
interim treatment response assessment. The new response criteria using CT are as
follows:

Complete radiological response—all nodes reduced to <1.5 cm in longest diam-
eter. Complete disappearance of radiological evidence of disease.

Partial response—50% or greater decrease in disease burden.

Stable disease—Iless than 50% decrease in disease burden.

Progressive disease—new or increased adenopathy or new extranodal lym-
phoma [6].
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Fig.4.10 Cutaneous lymphoma. Coronal reformatted (a) and axial (b) contrast enhanced CT in a
case of primary cutaneous lymphoma, shows enhancing subcutaneous soft tissue deposits (arrows)
noted in right leg
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Fig. 4.11 Renal lymphoma. Axial CECT of abdomen at the level of kidneys (a) shows a well-
defined hypodense lesion arising from the upper pole of the left kidney (arrow). Fused PET/CT
image (b) show marked increase in tracer uptake with SUV max of 6.5 (arrow) in the left renal
upper pole lesion
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5.1 Introduction

18F-Fluorodeoxyglucose Positron Emission Tomography combined with Computed
Tomography (FDG PET/CT) is now the standard imaging modality for staging and
assessment of response in all FDG avid Non-Hodgkin Lymphoma (NHL). FDG PET/
CT plays a central point in treatment decisions in lymphoma. Most NHLs are FDG
avid, viz. diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma, follicular and
mantle cell lymphoma (MCL). But some indolent NHLs like small lymphocytic
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lymphoma, chronic lymphocytic leukemia, marginal zone lymphoma show low or
variable FDG avidity and thus functional imaging with FDG PET/CT is of limited
usefulness [1, 2]. PET CT is the most reliable modality of imaging for assessment of
response after completion of therapy. Response assessment criteria in lymphomas
have seen multiple transitions, starting from International Working Group criteria
(IWG) developed in 1999 [3] to the Response Evaluation Criteria in Lymphoma [4]
criteria developed in 2017. The IWG criteria created an entity called “complete remis-
sion — unconfirmed” (CRu) based on residual mass after treatment. This led to confu-
sion, as outcomes of patients with complete remission (CR) or partial response (PR)
based on CT criteria were similar, as long as there was no FDG avid residual disease.
This CRu was abolished in the revised criteria that was published in 2007 called
International Harmonization Project (IHP) criteria and was based on metabolic activ-
ity of FDG PET/CT [5]. The fallacy of this criterion was that the FDG avidity was
defined based on mediastinal blood pool activity. This was rectified by the Deauville
criterion which was formulated in 2009 [6]. Finally the Lugano classification in 2014
incorporated both CT and PET/CT into the response assessment criteria and stated
that PET/CT be used for all FDG avid histologies using a 5-point Deauville score and
CT be used for all non-FDG avid and low-FDG avid histologies [7]. With this back-
ground we shall see the role of FDG PET/CT in NHL.

5.2  Staging

Defining the exact extent and location of disease is the crux for providing the correct
treatment and in prognosticating the patients. "*F-FDG PET/CT is the standard
imaging modality for staging of all FDG avid NHLs (Fig. 5.1). PET/CT has better
accuracy for staging of nodal and extranodal sites as compared to CT [8]. PET/CT
is better at detecting lymphomatous involvement in small sized nodes and has a
higher sensitivity in detection of extranodal involvement as compared to CT
(Figs. 5.2 and 5.3). This leads to a change in stage culminating in change in manage-
ment in up to 25% of the patients [9, 10].

In a large study with 520 patients (59% of these were DLBCL) of NHL, done by
Metser et al. and published in 2019, they compared the change in management and
outcomes in patients with lymphoma who had undergone CT and PET/CT. PET/CT
upstaged 28% of patients with NHL who were classified as limited stage disease on
CT. 56% of patients with equivocal findings on CT were correctly classified as advanced-
stage disease by PET/CT. The outcomes were better in patients staged by PET/CT. They
showed better overall survival in patients with PET/CT guided management [11].

5.2.1 Bulky Disease

Patients with bulky disease receive consolidative external radiotherapy in addition
to the chemotherapy [12, 13]. However, there is no clear-cut definition of bulky
disease and varies from institution to institution. In our institution 7 cm in the lon-
gest dimension is considered as bulky for DLBCL.
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Fig. 5.1 45 years male, a case of Diffuse Large B-cell lymphoma for a staging PET/CT scan.
Multiple sites of involvement are noted. MIP and axial PET/CT images show hypermetabolic foci
involving left tonsil, vallecula, and base of tongue (arrows). Involvement of stomach (curved
arrow), bowel (sharp bent arrow), and spleen (block arrow) is seen

Fig.5.2 39 years male, NHL for staging PET CT study. MIP and axial PET CT show hypermeta-
bolic left cervical adenopathy (arrow in a—c). Also seen is focal marrow involvement in L3 verte-
bral body (curved arrow in a, d, f). The marrow lesion is not evident on the corresponding CT
image (e, g). Thus PET CT has upstaged the disease from stage I to IV
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Fig.5.3 PET CT scan done for staging in a 50 years old male, a case of NHL. MIP and axial PET
CT show multiple hypermetabolic left axillary nodes (block arrow in a). Tiny hypermetabolic foci
are noted in the spleen (arrow in a, b). Upstaging of the disease by PET CT from stage I to stage I1I

5.2.2 Spleen

Splenic involvement on FDG PET CT may either be focal or diffuse. Focal involve-
ment is seen as FDG avid areas in spleen (Fig. 5.4). Splenic uptake 1.5 times higher
than the liver uptake, in the absence of diffuse marrow uptake, is the criterion for
detection of diffuse spleen involvement (Fig. 5.5) [12]. Diffuse uptake on PET CT
can sometimes be associated with reactive changes, similar to that seen in bone mar-
row. Splenomegaly more than 13 cm is taken as involved by the Lugano classifica-
tion [7].

5.2.3 Liver

PET CT is better than CT in detection of lymphomatous involvement in the liver.
Hepatic involvement is manifested as focal or diffuse uptake on PET CT similar to
spleen (Fig. 5.6).
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Fig. 5.4 PET CT scan in a case of NHL shows multiple foci of FDG avid lesions in the
spleen (arrow)

5.2.4 Bone Marrow

Bone marrow involvement is frequently seen in patients with NHL, particularly
DLBCL. PET/CT is a sensitive modality for detection of focal disease in the bone
marrow in DLBCL (Fig. 5.7). PET/CT is better than biopsy in detection of large
lymphomatous cells in the bone marrow, but PET/CT may miss low-volume disease
and small lymphomatous cells in the bone marrow [14—16]. The specificity of detec-
tion of bone marrow disease in diffuse hypermetabolic marrow is low as reactive
marrow changes may predominate (Figs. 5.8 and 5.9) [14]. Patients who have con-
firmed marrow involvement on PET CT and bone marrow biopsy have a worse
prognosis than patients who have bone marrow involvement only on PET [14, 16].
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Fig. 5.5 PET CT in a 22 year old, a case of NHL shows diffuse increased FDG uptake in the
spleen suggestive of lymphomatous involvement of spleen (arrow)

This is more likely due to large burden of disease. The Lugano classification still
recommends a bone marrow biopsy in DLBCL as PET/CT can miss low-volume
disease in 10-20% of patients [7, 17-19]. In advanced-stage NHL, if the PET/CT is
positive for marrow involvement, a bone marrow biopsy may be avoided. If PET/CT
is negative for marrow involvement, then a bone marrow biopsy is indicated [15,
20]. The sensitivity of PET CT in detecting bone marrow disease ranges from 71 to
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Fig. 5.6 54 year old male, case of relapsed NHL. PET CT study shows multiple FDG avid foci
involving the liver (arrows)

95% with a very high specificity of 99-100% [20]. For all other histologies of NHL,
a bone marrow biopsy is indicated.

5.3 Response Assessment

Assessment of response for lymphoma has been one of the earliest indications of
PET CT. PET/CT is the most reliable imaging modality for response assessment. In
aggressive NHL, PET CT is used to assess remission after completion of treatment
and to identify patients who have failed the first line treatment. This subset of
patients either undergo a follow-up PET CT scan or are considered for second-line
or salvage therapy after confirmation of residual disease [21].
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Fig.5.7 18 year old boy, a case of NHL. MIP and axial PET CT study show focal hypermetabolic
marrow lesions in multiple sites; those marked are seen in the lumbar vertebra and left pubic bone

Response assessment can be done early after the start of treatment, usually after
completion of 2 or 3 cycles of chemotherapy, when it is called “interim PET” or
after completion of the chemotherapy regime, which is called as “End-of-
treatment” response.

5.3.1 Interim PET (i-PET)

i-PET is helpful in assessing the chemosensitivity in aggressive NHL but unlike
Hodgkins lymphoma, cannot be routinely used for modification of the treatment regime.
A negative i-PET is associated with negative end-of-treatment PET and with good out-
comes [22, 23]. But conversely, patients of DLBCL with a positive i-PET are reported to
have remission after completion of the R-CHOP regimen (Rituximab-Cyclophosphamide,
Hydroxydaunorubicin, Oncovin [Vincristine sulfate], Prednisolone), with overall sur-
vival of 92% [23]. Thus though an i-PET has a very high negative predictive value, false-
positives can occur and thus treatment modification is rarely done.

5.3.2 Deauville Criteria

Deauville criteria is based on a 5-point scale currently used for response assessment
with FDG PET/CT [6] (Table 5.1). A score of 1 and 2 is suggestive of complete
metabolic response, both in interim and end-of-treatment response assessment.
Here the uptake is less than or equal to the mediastinal blood pool activity (Fig. 5.10).
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Fig. 5.8 20 year old male,
diagnosed case of

NHL. PET CT shows
intense, diffuse uptake in
the marrow of axial and
appendicular skeleton,
suggestive of bone marrow
involvement (arrows)

A score of 3 shows uptake greater than mediastinal uptake, but less than or equal
to liver (Fig. 5.11). Most patients with a score of 3 at interim evaluation have good
prognosis at the end of therapy in most NHLs [24, 25]. However in the trial setting,
especially for trials contemplating de-escalation of the chemotherapy regime, a
more judicious approach is recommended in order to avoid under-treatment.

A score of 4 or 5 (uptake more than the liver) at the end-of-treatment represents
residual disease, even if there is decrease in the SUV value from the baseline
(Fig. 5.12). On interim evaluation, if the uptake has reduced from baseline, it is
considered as partial metabolic response and that the disease is sensitive to chemo-
therapy. However, a score of 4 or 5 with no decrease or increase in uptake from
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Fig. 5.9 48 year old lady, a case of NHL with subcutaneous lesions. Staging PET CT scan in (a)
shows cutaneous lesions (arrow). The MIP image on right (b) shows diffuse uptake in the marrow
due to reactive marrow stimulation post-chemotherapy

Table 5.1 Deauville criteria for response assessment

Deauville criteria for response assessment [6]

Score Uptake

No uptake

Uptake < Mediastinum

Uptake > Mediastinum < Liver

Uptake moderately higher than liver

Uptake markedly higher than liver and/or new lymphomatous
lesions

DW=

baseline is considered as failure of treatment at both interim and end of therapy
evaluation. Same is the scenario if new foci suggestive of lymphomatous involve-
ment are seen.
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Fig.5.10 66 year old male, a case of NHL. PET scan done for staging and after 2 cycles of che-
motherapy. MIP image shows multiple supra and infradiaphragmatic adenopapthy with bulky
nodal mass in the abdomen in (a). The post 2# MIP image shows complete metabolic response in
(b). This is Deauville score 1

5.3.3 End-of-Treatment PET/CT

In aggressive NHL, end-of-treatment PET CT has a very high negative predictive
value of 80—100%. The positive predictive value of end-of-treatment PET CT varies
from 50 to 100%, meaning that treatment based on a positive PET CT has to be
substantiated by a biopsy or a follow-up scan to rule out the possibility of benign/
inflammatory etiology [26-28]. Positive PET CT after R-CHOP has a poor progno-
sis. Consolidative radiotherapy to residual PET positive masses has shown improved
outcomes [29-31].



66 A. Agrawal et al.

"

Fig.5.11 25 year old lady, case of mediastinal B-cell lymphoma. PET scan was done after 3 # of
chemotherapy. MIP, axial and coronal images show residual mediastinal mass with FDG uptake
equal to the liver (arrows). This is Deauville score 3
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Fig.5.12 44 year old male, a case of B-cell NHL. Staging PET CT shows multiple conglomerated
left supraclavicular nodal mass (arrow), left axillary nodes (arrow), and involvement of scapula
(block arrow). Post 6 cycles of chemotherapy PET CT show decrease in size and metabolic activity
of the lesions with residual disease. The intensity of FDG uptake is greater than liver,
Deauville score 4
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5.3.4 Response Assessment After Inmunotherapy

With the advent of immune check point inhibitors or the novel immunotherapy,
interpreting FDG PET CT has become a challenge. The mechanism of action of
these agents leads to different pattern of response which may mimic progression of
disease. This is usually transient and is called as pseudo-progression. LYRIC (The
Lymphoma Response to Immunomodulatory therapy Criteria) response criteria is a
special criteria developed to assess response after immune-based chemotherapy. In
pseudo-progression, the imaging findings suggest an increase in size and metabolic
activity of the lesions, without any clinical deterioration of the patient. This is called
as indeterminate response (IR) in LYRIC criteria and such a response mandates
repeat imaging after 12 weeks to differentiate pseudo-progression from true pro-
gression of disease [32].

5.4 FDG PET CT for Radiotherapy Planning

Radiotherapy planning with PET CT helps in precise localization of disease and
also helps in modifying the target volume. CT is not very useful as it lacks the func-
tional information of PET imaging. PET helps in identifying small areas of residual
disease which are metabolically active and CT helps in correct anatomic localiza-
tion, thus fused PET CT gives the exact metabolic and anatomic information needed
for radiotherapy planning [33].

5.5 FDG PET CT in Relapsed NHL

In relapsed aggressive NHL, second-line, high dose chemotherapy is given to induce
remission and to facilitate Autologous Stem Cell Transplant (ASCT) if need be.
ASCT is a curative method of treatment. Pre-transplant PET CT is an important
prognosticator in patients undergoing ASCT [34, 35]. Patients with a negative PET
prior to ASCT have better PFS (progression free survival) and OS rates of 87% and
94% as compared to 35% and 67% in patients with positive PET CT study [34].

5.6 FDG PET CT in Surveillance

There is no role of surveillance scan in a treated case of NHL. Follow-up PET CT
is associated with false-positive findings in 20% of patients, this leads to unneces-
sary investigations, radiation burden, biopsies, cost, and patient anxiety [36, 37].
Only when there is a clinical suspicion of disease relapse, a follow-up scan needs to
be done. Prudent use of follow-up scan in cases of indolent lymphoma with residual
disease may be contemplated.
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6.1 Introduction

Positron Emission Tomography/Computed Tomography (PET/CT) has stamped its
place as the investigation of choice for staging, restaging, response assessment and
follow-up of patients with lymphoma. The favourable GLUT (GLUcose-Transporter)
receptor expression of the proliferating lymphocytes makes it the most physiologi-
cal modality for evaluating lymphomas at every step [1]. Multiple other cellular
pathways involving infective and inflammatory processes also depend on the GLUT
expression mechanism, and hence can pose diagnostic challenge when PET/CT
studies for lymphoma are being reported. We tried to document the various arte-
facts, pitfalls and normal variants on FDG PET/CT which can be kept in mind, in
order to avoid false-positive or false-negative results.
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6.2 FDG Uptake in Lymphoma

FDG is transported into cells by glucose transporters and is phosphorylated once
inside the cell. However, the rate of dephosphorylation of FDG-6-phosphate is
much slower than that of glucose-6-phosphate, so that ‘FDG’ effectively accumu-
lates inside the cell in proportion to the rate of glycolysis. The earliest recommenda-
tion for use of FDG PET/CT in lymphomas was formulated under the International
Harmonisation Project [2], where in depending upon the intensity of tracer uptake,
lymphomas were classified as:

— FDG avid
1. Diffuse Large B-Cell Lymphoma
2. Hodgkin’s Lymphoma
3. Mantle Cell Lymphoma
— Variably FDG avid
1. Other aggressive NHLs
2. Other indolent NHLs

Table 6.1 gives an overview with regard to intensity of uptake of FDG in various

pathological subtypes of lymphoma, based on WHO Classification, in a study of
766 patients [2].

Table 6.1 FDG avidity in different histological subtypes

Histological subtype FDG avidity
Hodgkin’s lymphoma High

Burkitt’s lymphoma High

Mantle cell lymphoma High

Anaplastic large T-cell lymphoma High

Marginal zone lymphoma, nodal High
Lymphoblastic lymphoma High
Angioimmunoblastic T-cell lymphoma High
Plasmacytoma High

Natural killer T-cell lymphoma High

Diffuse large B-cell lymphoma High

Follicular lymphoma Grade 3 High

Follicular lymphoma Grade 1, 2 Low to moderate
Peripheral T-cell lymphoma Low to moderate
Small lymphocytic lymphoma Low
Enteropathy type T-cell lymphoma Low

Marginal zone, splenic Low

MALT marginal zone Low
Lymphomatoid papulosis Low

Cutaneous T-cell lymphoma Low
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6.3  Challenges in Reporting PET/CT Studies

FDG PET/CT helps in staging lymphomas, depending upon the extent of involve-
ment, however variable degree of uptake poses a challenge [3]. Size remains an
important limiting factor for localisation of FDG; hence any lesion less than 6-8 mm
often shows no FDG uptake, as it falls beyond the resolution of PET scanner. Other
technical factors like dose of radiopharmaceutical injected, serum glucose levels,
timing of scan acquisition and use of steroids interfere with the concentration of
FDG, often yielding false negative results [4].

Apart from this, there are many other factors and variations, from the clinical or
imaging perspective which can pose challenges. ‘Artefacts’ are the findings on the
scan which give a false-positive appearance owing to technical issues like improper
tracer localisation or retention. ‘Variants’ are the false-positive interpretations
resulting from altered or physiological biodistribution of FDG in the body. This
arises because of the biochemical pathways which lead to uptake of FDG at normal
sites, and its appearance on the scan mimics that of lymphomatous involvement.
‘Pitfalls’ are the pathological processes which have the same scan findings as that of
lymphoma, and often create a diagnostic dilemma (Fig. 6.1). We, in Table 6.2, have
addressed almost all possible sources of misinterpretation, discussed its cause and
provided imaging based interpretative pointers to distinguish these from actual lym-
phomatous involvement.

Fig. 6.1 Maximum Intensity Projection (MIP—a), axial (b—arrow) and coronal (d—arrow)
show intense FDG uptake in bilateral neck and midline thoracic region, which shows fat-density
on CT images (¢, e—arrows). This pattern of uptake is seen in brown adipose tissue
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Table 6.2 Variants, artefacts and pitfalls on FDG PET/CT

Normal Variants
Waldeyer’s ring
(Fig. 6.2)

Thymus (Fig. 6.3)

Marrow hyperplasia
(Fig. 6.4)

Bowel uptake (Fig. 6.5)

Artefacts
Port site retention

Injection extravasation
(Fig. 6.6)

Pitfalls

Low grade lymphomas
[6] (Fig. 6.7)

Mantle cell lymphoma
(7]

Follicular lymphoma
(FL) [8]

Primary extranodal
lymphoma mimicking
primary neoplasm
(Fig. 6.8)

Splenic hyperplasia

Causes

Uptake due to the
physiological concentration
of FDG in macrophages and
lymphocytes

Rebound hyperplasia occurs
post-chemotherapy, or is seen
normally in infants

In patients who have received
chemotherapy or colony
stimulating factors, there is
hyperstimulation of marrow,
resulting in high FDG uptake
Physiological FDG uptake is
seen either due to FDG
secretion into the intestines,
or in the lymphoid patches in
intestinal mucosa

Cause

Inflammatory reaction
increase macrophages and IF
factors

Focal radionuclide deposition

Causes

Indolent or low grade
lymphomas, especially CLL
and small lymphocytic
lymphoma (SLL) show low
or absent GLUT receptor
expression, respectively
Variable avidity reported in
literature

Though classified as
lymphoma with high grade
uptake, grade 1 and 2 FL.
typically show low FDG
avidity

High grade uptake in a single
site with absence of or
contiguous nodal involvement

Diffuse intense FDG uptake
in enlarged spleen

Pointers to Identify

Symmetrical uptake

Intensity of uptake

Uptake will persist even on post-
treatment scans

CT features of diffuse enlargement
with ‘inverted V’ sign in midline
helps differentiate it from lymphoid
thymic hyperplasia

Diffuse uniform symmetrical uptake
in the entire marrow of appendicular
and axial skeleton, with no focal areas
of FDG avidity

Focal or diffuse FDG uptake in the
bowel loops, with no detectable
morphological

Pointers to identify

Presence of a post—seen as dense
object at known sites of port
localisation

History of site of injection, swelling,
associated pain

Pointers to identify

Multi-station non-necrotic nodal
enlargement with contrast
enhancement, with or without
splenomegaly and marrow uptake; in
addition to clinical features of fever,
weight loss

Same as above

Same as above

No discrete imaging features to
differentiate

Interim scan helpful—lymphomatous
splenic involvement shows FDG
uptake greater than liver with
reduction in uptake after treatment
while hyperplasia shows increased
uptake but similar to or less than liver
with no change in uptake at interim
scan

It is accompanied by presence of
diffuse marrow uptake if associated
with haematological dysfunction
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Table 6.2 (continued)

Bowel inflammation in  Common site of involvement
Burkitt’s lymphoma in Burkitt’s lymphoma is
intestinal loops

Post-chemotherapy, involved bowel
loop will show reduction in uptake
within the involved lymphatics of
bowel but may show uptake in the
inflamed mucosal layer

Mesenteric panniculitis
(Fig. 6.9)

Infections and
inflammations [9]

CT features of necrotic nodes, with/
without infective changes in lung

Increased GLUT receptor
expression in following:

— Tuberculosis Lymphocytes fields
(Fig. 6.10) Macrophages, multinucleated CT features of non-caseating
— Sarcoidosis giant cells and T-lymphocytes granulomas, and classical bilateral
— Castleman’s Lymphoid proliferation hilar adenopathy
disease [10] Lymphocytes Mimics lymphoma, only
(Fig. 6.11) (immune-stimulation) histopathology can help in
— Post-transplant differentiation
nonspecific Subcentimetre sized nodes are seen

adenopathy [11] with low grade uptake, which are
new, however there is often response
seen at the known sites of

involvement

Fig. 6.2 There is bilateral symmetrical intense FDG uptake seen on axial fused PET/CT (c, e—
arrows) and CT (d, f—arrows) images in the region of pharyngeal (¢) and palatine (e) tonsils, seen
as ring-like uptake on coronal fused PET/CT (a—arrow) and CT (b—arrows) images. This uptake
is seen in the Waldeyer’s ring in the lymphoid tissue
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Fig. 6.3 Midline inverted V shaped uptake seen on MIP (a—arrow), corresponding to thymic tis-
sue in anterior mediastinum on axial fused PET/CT (b—arrow), post4 cycles of chemotherapy, it
shows further increase in intensity on MIP (d—arrow), seen as rebound thymic hyperplasia (c—
arrow) on axial fused PET/CT image
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Fig.6.4 Bulky FDG avid mesenteric mass and liver lesions seen on MIP image (a) which received
6 cycles of chemotherapy. Interim PET/CT showed after 4 cycles showed diffuse FDG uptake in
axial and appendicular skeleton on coronal and sagittal (MIP, b and ¢) and fused PET/CT (d) images
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Fig. 6.5 MIP images pre- (a) and post-chemotherapy (b) show persistent pattern (arrows) of
physiological colonic diffuse uptake. Since the nodal disease seen on baseline PET has resolved,
the persistent gut uptake is physiological in nature

6.4 Conclusion

FDG PET/CT is the modality of choice for diagnosis, staging and treatment response
assessment of lymphomas.

Based on intensity of FDG uptake, lymphomas are classified into high and low
grade FDG avid.

Common biochemical pathways of certain physiological and pathological pro-
cesses lead to variants and pitfalls, which pose significant diagnostic challenges in
scan interpretation.

Pattern recognition and accurate interpretation of CT findings can help in over-
coming the imaging dilemmas.
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Fig. 6.6 MIP image (a—arrow) shows intense FDG uptake at the antecubital injection site con-
firmed on axial PET/CT (b) ad CT (c) images, since majority of the tracer had extravasated, the
scan was repeated after a day, which shows no uptake at injection site (d)
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Fig.6.7 Low grade FDG uptake seen in bilateral axillae and inguinal (a—arrows), and in cutane-
ous regions in medial right thigh (arrow heads). This corresponded to subcentimetre sized bilateral
axillary and inguinal nodes (c—arrows). Additionally, low grade uptake was seen in cutaneous
lesions in the back (b—arrowheads) and medial aspect of right thigh (d—arrow heads)
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Fig. 6.8 FDG avid lesions seen in bilateral lung, abdomen and retroperitoneal regions (MIP-a),
corresponding to bilateral kidney and adrenals (b, c—arrows) suggestive of primary extranodal
lymphoma
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Fig. 6.9 MIP shows no significant FDG uptake (a), however, axial PET (b—arrow), PET/CT
(c—arrow) and CT (arrow—c) images show localised ill-defined soft tissue with patchy low grade
FDG uptake in the mesenteric region suggestive of mesenteric panniculitis, which is an unusual
manifestation of lymphoma



82 A.D.Puranik and S. Shah

Fig. 6.10 45-year-old male presented with fever, neck swelling and weight loss since 2 months,
PET/CT was advised. MIP image shows FDG uptake in left upper thorax and in midline in abdo-
men and pelvis (a). This corresponds to large FDG avid necrotic mass in left supraclavicular region
on axial CT (b-arrows) and PET/CT (c-arrows) images. Also seen is a FDG avid necrotic node
(d, e-arrow) in retrocaval region. Though the pattern was suspicious for lymphomatous involve-
ment, however biopsy was suggestive of granulomatous aetiology

Fig.6.11 MIP image shows very high grade FDG uptake in neck abdomen and lower extremities
(a), which corresponded to extensive cervical conglomerated nodes, axillary and mesenteric nodes,
and multiple bilateral FDG avid marrow lesions in bilateral pelvic bones and femorii (b), this was
suspicious for lymphomatous involvement based on PET/CT findings. However, biopsy was sug-
gestive of Castleman’s disease, which was a mimic of lymphoma
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7.1 Staging

Case 1. Stage 1

Images a—c show different spectrums of FDG PET/CT findings of stage 1 lym-
phomas. (a) A 20-year-old woman with single metabolically active enlarged
node in left preauricular region (al, a2), biopsy revealed Burkitt lymphoma. (b)
FDG PET/CT of a 60-year-old man with diffuse large B cell lymphoma
(DLBCL) shows hypermetabolic left cervical level II and III nodes (b1, b2). (c)
A 28-year-old man with DLBCL shows involvement of oropharynx (cl, c2)

and hypopharynx.
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Teaching Point:
Stage 1 NHL can constitute one single node (al, a2), single group of nodes (b1,
b2) or single extranodal site of involvement (c1, c2).

al '. b1 Q A .
' v

Case 2. Stage 2
F18 FDG PET/CT of a 62-year-old female patient with DLBCL shows hypermeta-
bolic bilateral cervical (arrows in images a and b) and axillary nodes (arrow heads
in images a and c) (4 nodal groups on the same side of diaphragm), indicating stage
2 disease.

Teaching Point:

Stage 2 constitutes more than 1 group of nodes on the same side of diaphragm
with or without contiguous extranodal involvement.
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Case 3. Stage 3

FDG PET/CT done in a 31-year-old woman with grade 2 follicular lymphoma, MIP
(image a) and fused images (b, c¢) shows hypermetabolic supradiaphragmatic (left
supraclavicular, arrow in image a) and infradiaphragmatic (abdomino-pelvic) lymph
nodes (arrow heads in image a).

Teaching Point:

Stage 3 constitutes groups of lymph nodes on both sides of the diaphragm or
supradiaphragmatic nodes and involved spleen.
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Case 4. Stage 4

In a 74-year-old DLBCL patient staging FDG PET/CT shows metabolically active
bilateral cervical, right axillary and mediastinal nodes (arrows in images a—c), meta-
bolically active splenic nodules (arrow heads in images a and d) and hypermetabolic
thyroid deposits (notched arrow in images a and b) (extranodal involvement) indi-
cating a stage 4 disease.

Teaching Point:

Stage 4 constitutes nodal involvement with non-contiguous sites of extranodal
involvement.
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7.2  Spectrum of Marrow Involvement Seen in FDG PET/CT

Case 5. Focal Intense Marrow Uptake
Staging FDG PET/CT in a case of DLBC shows focal intense marrow uptake in left
proximal humerus indicating lymphomatous deposit (arrows in images a—c).
Teaching Point:
Intense focal FDG uptake in a skeletal site without any obvious cortical changes
seen in CT scan is the surest sign of focal marrow involvement by lymphoma.
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Case 6. Focal Patchy Marrow Uptake
FDG PET/CT in a 50-year-old DLBCL patient shows patchy tracer concentration in
visualized marrow indicating lymphomatous involvement. Patchy tracer concentra-
tion noted in right ribs, left scapula (arrows in image a), sternum (arrow heads in
images a and d) and B/L ilium (notched arrows in images b and c).

Teaching Point:

Lymphomatous marrow involvement can be seen as areas of patchy relatively
low grade tracer concentration involving various skeletal sites. Key feature is asym-
metric distribution of tracer.
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Case 7. Diffuse Patchy Marrow Uptake
FDG PET/CT in a DLBCL patient showing diffusely patchy marrow uptake indicat-
ing lymphomatous involvement.

Teaching Point:
Key feature in these types of marrow involvement is patches of increased FDG

uptake (black arrow in image b) in a background of diffuse activity. Uptake pattern

here is mostly symmetrical.
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Case 8. Diffuse Symmetrical Continuous Marrow Uptake

FDG PET/CT done in a patient of DLBCL shows diffusely increased marrow
metabolism involving the entire visualized skeletal system (image a). Biopsy con-
firmed lymphomatous marrow involvement.

Teaching Point:

This is the most uncommon pattern of marrow involvement in PET/CT and is
often hard to distinguish from reactive marrow stimulation. However, in cases of
lymphomatous marrow involvement the uptake is usually higher than that of liver,
which is usually not the case for reactive stimulation. Here it is worth noting that
diffuse symmetrical low grade marrow metabolism (uptake less than liver) in a high
grade FDG avid NHL almost always represents uninvolved marrow. However, FDG
PET/CT may miss low volume marrow involvement (10-20% involvement) even in
high grade lymphoma such as DLBCL, so a negative PET scan should be corrobo-
rated with bone marrow biopsy.

a !
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7.3 FDG PET/CT in Assessment of Response to Therapy

Case 9. Deauville Score 1
A stage 2 DLBCL (representative MIP and fused images of staging FDG PET/CT
shown in al, a2) patient after 4 cycles of R-CHOP chemotherapy interim PET
(images b1, b2) shows complete disappearance of metabolically active lymphoma-
tous cervical nodes indicating a Deauville’s 1 response.

Teaching Point:

Score 1 suggests absence of any discernable FDG uptake.

at = b1 _—
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Case 10. Deauville Score 2
In a grade 3 follicular lymphoma patient staging PET/CT showed hypermetabolic
supra- and infradiaphragmatic adenopathy along with splenic involvement (images
al, a2, a3). The interim scan after 4 cycles of R-CHOP chemotherapy showed near
complete disappearance of hypermetabolic disease, with residual retroperitoneal
nodal tissue showing very low grade tracer concentration (arrows in images b2 and
b3) which is more than background but equivalent to mediastinum indicating a
Deauville’s 2 response.

Teaching Point:

Score 2 suggests low grade uptake that is less than or equal to mediastinal blood
pool uptake.

b1




94 S. Choudhury and V. Rangarajan

Case 11. Deauville Score 3

A case of relapsed follicular lymphoma (hypermetabolic left inguinal node in image
al and a2) was treated with second line chemotherapy. After 4 cycles of chemo-
therapy interim response assessment scan shows low grade uptake in residual left
inguinal node (arrows in images bl and b2).

Teaching Point:

Score 3 suggests uptake more than mediastinum and less than or equal to liver.
Scores 1, 2 and 3 consist of complete metabolic response. It should be noted that the
Deauville scale should ideally be assessed in the MIP images. The scores are not
based on standardized uptake values (SUV) but only on visual grading.




7 Teaching Cases in Lymphoma as Seen Through FDG PET/CT Images 95

Case 12. Deauville Score 4
FDG PET/CT in a 79-year-old female with DLBCL shows hypermetabolic lesion in
right upper GBS and mediastinal nodes (images al, a2). Interim PET/CT (images
bl, b2) done after 4 cycles of R-CHOP chemotherapy shows complete metabolic
response in mediastinal nodes with persistent residual disease in right upper alveo-
lus having an uptake of marginally more than liver (arrows in images bl and b2).
Teaching Point:
Uptake slightly more than liver is considered Deauville score 4. Deauville score
of 4 and 5 with decreasing intensity compared to baseline FDG/PET CT is consid-
ered partial response.
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Case 13. Deauville Score 5
A 43-year-old patient suffering from DLBCL, interim PET scan done after 4# che-
motherapy (representative images al—a3), shows significant residual disease in right
cervical region. Scan done after completion of 6 cycles of chemotherapy (represen-
tative images b1-b3) shows increase in metabolism and size of right cervical nodal
mass indicating a Deauville’s 5 score and disease progression.

Teaching Point:

Uptake markedly more than liver is considered Deauville score 5.
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Case 14. Deauville Score 5 (New Lesion)
Relapsed DLBCL on chemotherapy, pre-chemotherapy FDG PET/CT (representa-
tive images al and a2) showed metabolically active left axillary and retroperitoneal
adenopathy (thin arrows in image al). After 3# of chemotherapy, interim PET/CT
(images b1 and b2) shows new metabolically active cervical, mediastinal and retro-
peritoneal nodes (thin arrows in image b1), indicating Deauville’s 5 score and pro-
gressive disease.

Teaching Point:

Appearance of new lesion is also considered Deauville 5 score. A Deauville
score of 4 to 5 with increasing intensity compared to baseline or any interim scan
and/or appearance of new lesion is considered as disease progression.
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7.4  FDGPET/CT in Transformed Lymphoma

Case 15 A 75-year-old man with follicular lymphoma presented with increase in
right inguinal pain and swelling. Biopsy from inguinal lymph node suggested trans-
formation into DLBCL in the background of stage 3B follicular lymphoma. PET/
CT scan shows intensely FDG avid retroperitoneal (black arrow in image a and
white arrow in image d), right pelvic and B/L inguinal adenopathy (black arrow
heads in image a and white arrow head in image e), indicating possible areas of
transformation. Relatively low grade FDG uptake noted in cervical, B/L axillary
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and mediastinal nodes (black and white notched arrows) indicating areas of follicu-
lar lymphoma that are not showing transformation.

Teaching Point:

Indolent low grade lymphomas may undergo histologic transformation into
aggressive, high grade lymphomas. Transformation commonly occurs to DLBCL,
less commonly to other types of high grade lymphoma, including Burkitt and T cell/
histiocyte-rich B cell lymphoma (TCRBCL). Diagnosing transformation is crucial
since management of indolent lymphomas and transformed high grade lymphomas
are completely different and transformed lymphomas typically have worse progno-
sis. FDG PET/CT can help identifying the ideal site for biopsy to detect nodal/
extranodal transformation.

7.5 Extranodal Site Involvement Seen in FDG PET/CT

Case 16. Bowel Involvement in Lymphoma

Burkitt lymphoma in a 11-year-old child who presented with abdominal distention
and pain. MIP image (a) and fused image (c) show metabolically active lesion
involving mediastinum and abdomen. Abdominal soft tissue noted involving the
small bowel loops and adjacent peritoneum. Some of the bowel loops show aneu-
rysmal dilatation (black arrows in image b).
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Teaching Point:

Aneurysmal dilatation of bowel may be seen in B cell small bowel lymphomas
due to replacement of muscularis propria and destruction of autonomic nervous
system by lymphoma.

a

.

Case 17 Primary Gastric Lymphoma
High grade NHL (grey zone between Burkitt lymphoma and CD10 positive DLBCL)
in a 28-year-old man who presented with abdominal pain. PET/CT shows hyper-
metabolic diffuse circumferential wall thickening involving distal body, antrum and
pylorus of stomach (arrow in image b).

Teaching Point:

Gastric lymphoma is characterized by marked thickening of stomach wall.
Stomach lymphoma is the most common site of extranodal involvement in
NHL. Most common histopathological subtypes of primary gastric lymphoma are
DLBCL with or without mucosa-associated lymphoid tissue (MALT) component
and MALT lymphoma of the marginal zone.
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Case 18. Primary Bone Lymphomas

(a) T cell/histiocyte-rich large B cell lymphoma presented with left femur lesion.
FDG PET/CT (images al-a4) shows hypermetabolic permeative lytic lesion
involving distal epimetadiaphysis of left femur with significant extramedullary
soft tissue and periosteal reaction (image a3). Pathological fracture also noted
(image a3). Metabolically active left external iliac nodes (black arrows in image
A4). (b) High grade B cell lymphoma(DLBCL) presented with lytic expansile
lesion involving right proximal humerus (images bl-b3). No extraosseous
involvement seen.

Teaching Point:

Primary bone lymphoma is a rare entity (<5% of all primary bone tumours
and <1% of all NHL). For a bone malignancy to be called a primary bone lym-
phoma there should be histopathological documentation of lymphoma in a soli-
tary (or multi focal) bone lesion without any documented nodal involvement
(except regional lymph nodes). Most common morphology in CT/ radiograph is
permeative lysis with wide zone of transition. Most common sites of involve-
ment are long bones (femur>humerus>tibia). DLBCL is the most common
histology.
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Case 19. Renal Involvement in Lymphoma

A 30-year-old male with lymphoblastic lymphoma presented with pain and swell-
ing in right inguinal region. FDG PET/CT shows hypermetabolic lytic lesion involv-
ing right pelvis (arrowhead in image a), and bilateral bulky kidneys with
hypermetabolic hypoenhancing deposits replacing normal renal parenchyma (black
arrow in image b).

Teaching Point:

Renal lymphoma is usually part of multisystemic lymphoma. The common pre-
sentations seen in PET/CT are (a) multiple FDG avid masses/deposits involving
both kidneys coupled with enlarged metabolically active retroperitoneal nodes, (b)
direct invasion from retroperitoneal adenopathy, (c) solitary hypermetabolic mass
usually homogeneous hypodense as compared to the enhancing renal cortex, (d)
diffuse hypermetabolic cortical infiltration. Frequently bilateral involvement is
seen. Renal lymphomas show intense FDG uptake, to differentiate from urine activ-
ity PET scan after intravenous frusemide injection may be helpful.
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Case 20. Cutaneous T Cell Lymphoma

FDG PET/CT in a 60-year-old patient with cutaneous T cell lymphoma shows an
FDG avid large ulcerated skin lesion along the medial aspect of left thigh (thin
arrows in images a—c) along with multiple smaller nodular cutaneous plaques in
right thigh and B/L calf regions (thin arrows in images a, d and e). FDG avid left
inguinal node is also seen (thick arrows in images a—c).

Case 21. Subcutaneous Panniculitis-like T Cell Lymphoma (A Rare Form of
Peripheral T Cell Lymphoma Presents with Panniculitis)

A 41-year-old man with relapsed subcutaneous panniculitis-like T cell lym-
phoma. F18 FDG PET/CT shows multiple areas of subcutaneous soft tissue strand-
ing, nodules, mesenteric stranding and nodules, and liver lesion. Increased FDG
uptake noted in diffuse subcutaneous stranding involving B/L legs and the shin area
(white arrows in images b and ¢). Hypermetabolic ground glassing and fat stranding
noted involving mesentery (black arrows in images d and e). FDG avid nodule noted
in subcutaneous plane of anterior abdominal wall (white notched arrows in images
f and g). Focal FDG avid liver lesion seen (arrow head in image h).
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Teaching Points:

1. Cutaneous T cell lymphomas may present with patches, plaques or erythroderma
which may be difficult to appreciate in conventional CT scan. However, PET
scan usually shows uptake and can help detect the smaller cutaneous plaques.
Non-attenuation corrected (NAC) PET image may help in detecting superficial
cutaneous lesions with low grade uptake. To detect areas of extracutaneous
involvement FDG PET/CT is crucial.

2. Subcutaneous panniculitis-like T cell lymphoma is a rare disorder and may sys-
temically present as inflammatory panniculitis. PET/CT findings are usually
metabolically active nodular lesions in the subcutaneous fat plane or diffuse
ground glass opacity and fat stranding. FDG PET/CT may help identify areas of
visceral, nodal, marrow involvement.

Case 22. CNS Involvement in Lymphoma

(a) A 45-year-old man with primary CNS lymphoma, PET/CT (images al-a3)
showed hypermetabolic homogeneously enhancing solid periventricular space
occupying lesion in right basal ganglia region(white arrows in images a2 and a3).
(b) A 46-year-old patient presented with giddiness and imbalance while walking.
MRI suggested left cerebellar hemisphere lesion causing obstructive hydrocepha-
lous, patient underwent sub-occipital craniotomy (images b2, b3). Histopathology
showed high grade NHL. PET/CT (images b1-b5) shows focal FDG avid marrow
lesions in sacrum and left ischio-pubic ramus (bold arrows in images b1, b4 and b5),
indicating extra cranial lymphomatous disease. (c) A 50-year-old male with lym-
phoblastic lymphoma with secondary CNS involvement. PET/CT (images c1—c6)
shows FDG avid homogenously enhancing solid lesion in right frontal lobe near the
cortex (images c2 and c4), FDG avid enhancing thickened B/L trigeminal nerve
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trunk seen traversing the B/L cavernous sinus region (arrow heads in images c4 and
¢5) and FDG avid mediastinal adenopathy (image c6).

al

Case 23. Leptomeningeal Involvement in Lymphoma
Secondary leptomeningeal involvement in a case of relapsed T cell rich B cell lym-
phoma. FDG PET/CT shows diffuse leptomeningeal FDG uptake noted along brain
and spinal cord up to D10 vertebral level suggesting lymphomatous involvement
(arrows in images a—c). FDG avid right axillary and mediastinal nodes also noted
(notched arrows in image d).

Teaching Point:

1. Typical appearance of a primary CNS lymphoma in FDG PET/CT is an intensely
FDG avid homogeneously enhancing hyperdense well defined solid space occu-
pying lesion. May present as single mass or multiple masses. Typical location is
often supratentorial usually in contact with the subarachnoid/ependymal sur-
faces like the periventricular region. Usually haemorrhage and necrosis not seen
and they may cross corpus callosum. However, this appearance is typical in a
non-immunocompromised patient. [n immunocompromised patients, the appear-
ance may be a lot heterogeneous, featuring central non-enhancement/necrosis
and less likely haemorrhage.
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2. Multi-parametric MRI is the diagnostic modality of choice. However, FDG PET/
CT helps in locating extracranial sites of disease and rules out secondary CNS
involvement in a case of systemic lymphoma.

3. Leptomeningeal involvement if present is usually secondary and is generally
part of systemic lymphoma. Primary CNS lymphoma may rarely show lepto-
meningeal involvement.

Case 24. Neurolymphomatosis
(1) PET/CT (images al—a7) in a patient with relapsed cutaneous T cell lymphoma
showed increased FDG uptake involving the thickened left tibial nerve soon after its
origin at the apex of popliteal fossa (thin arrows in images al, a2, a4 and a6). FDG
avid thickening also noted in the thickened right deep fibular (peroneal nerve) along
the anterior compartment of right leg (thick arrows in images a3, a5 and a7). The
fusiform thickening of the nerve trunk is seen as an area of homogenous soft tissue
density without any intervening fat spaces unlike the surrounding muscles which
show intermuscular fat spaces between muscle fibres (image a3). (2) A 57-year-old
disseminated mantel cell lymphoma. FDG PET/CT (images b1-b5) shows linear
FDG uptake along the course of bilateral sciatic nerves (notched arrows).

Teaching Point:

Neurolymphomatosis (NL) is a rare extranodal manifestation of non-Hodgkin
lymphoma characterized by direct infiltration of malignant lymphoma cells into the
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peripheral nerves. Peripheral nerve involvement in FDG PET/CT is usually seen as
uptake along the nerve trunk, the nerve may also be thickened.
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